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ilEv.  AND  Deab  Sir, 

I  do  not  know  to  whom  a  volume,  intended  to  assist  the  Student  in  liis 
progress  in  any  department  of  Science  or  Literature,  can  be  more  fitly  inscribed 
than  to  you.  And  your  consent  that  I  prefix  your  name  to  this  Cyclopaedia  is 
the  more  cherished  by  me,  because,  while  it  enables  me  to  have  the  honour  ot 
referring  to  the  value  of  your  watchful  and  enlightened  superintendence  of  the 
University  to  which  we  belong,  it  also  allows  me  the  privilege  of  declaring  the 
respect,  esteem,  and  affection  with  which  I  am, 

Rev.  and  Dear  Sir, 

Your  obedient  Servant, 

J.  P.  NICHOL. 


Observatory, 
Glasqow,  SOifi  January,  1857. 
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PREFACE. 


The  volume  now  offered  to  tlie  Public  is,  so  far  as  I  am  aware,  the  only  English 
one,  containing — within  a  moderate  compass — so  large  an  amount  of  information  con- 
cerning the  condition  and  progress  of  Physical  Science,  and  presenting,  at  the  same 
time,  every  facility  as  to  reference.  I  earnestly  and  respectfully  hope  therefore,  that 
it  will  prove  useful,  especially  to  the  Student.  That  it  is  what  a  book  with  such  a 
title  ought  to  be,  I  do  not  in  the  least  imagine.  Few  living  authors  are  capable  of 
produciag  an  adequate  "  Cyclopaedia  of  the  Physical  Sciences."  The  time 
required  to  compose  such  a  book,  ia  the  hands  of  even  the  best  informed  and  readiest 
writer,  would  extend  over  a  far  larger  space  than  our  modern  rapidity  of  Discovery 
and  the  press  and  hm-ry  of  modern  Publication,  will  allow;  and  the  difficulty  o^ 
obtaining  the  right  kind  of  assistance  can  be  appreciated  only  by  those  who  have 
required  to  seek  it. 

I  shall  not  specify  the  defects  of  this  volume,  either  as  regards  proportion  or 
execution ;  for,  they  are  apparent  enough.    I  believe  however,  that  I  know  them 
well;  and,  assuredly,  I  could  have  wished,  for  the  sake  of  the  Reader,  that  circum- 
stances had  permitted  me  to  present  him  with  a  volume  free  from  such  defects.    It  is 
much  more  agreeable  to  me,  to  have  the  opportunity  of  thanking  a  few  of  the  eminent 
friends  to  whose  kindness  it  owes  its  excellences.    The  philosophical  Student  of 
Mathematics  will  find  a  series  of  letters  on  Quaternions  (ia  the  Text  and  Appendix) 
which  Sir  William  Rowan  Hamilton  alone  could  have  written, — so  thorough  are 
they,  and  so  lucid.    These  remarkable  letters  will  make  known,  probably  for  the  first 
time,  to  many  mathematical  Inquirers  on  this  side  the  Irish  Channel,  the  nature, 
the  power,  and  fertility  of  the  method  of  Quaternions ;  and  I  believe  they  will  be 
regarded  in  after  times,  with  the  interest  with  which  we  refer  now  to  the  best  parts 
of  existing  scientific  literature  of  this  description,  rich  though  that  is. — A  second  most 
valuable  contribution  is  due  to  the  Rev.  Dr.  Robinson  of  Armagh.    This  very  dis- 
tinguished Astronomer  and  Physicist  kindly  wrote,  at  my  request,  the  article  Speculum; 
an  article  in  which  is  presented,  to  the  general  Reader — also,  I  believe,  for  the 
first  time — a  critical  account  of  the  inventions  and  processes  by  which  Lord  Rosse 
and  others  have  succeeded  in  bestowing  on  the  Reflecting  Telescope  a  degree  of 
perfection  and  a  grasp,  until  recently  quite  unhoped  for.    Dr.  Robinson's  article, 
while  succinct,  is  yet  so  full  and  precise,  that  I  am  fain  to  indulge  the  hope  of  its 
stimulating  and  guiding  further  enterprise. — ^To  Archibald  Smith,  Esq.  of  Lm- 
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coin's  Inn,  ray  best  thanks  are  offered  for  an  ample  and  very  instructive  article  on  a 
question  with  which  his  name  is  intimately  associated,  viz.,  the  disturbing  effect  of  the 
Magnetism  of  Ships  on  the  Compass.— My  colleagues,  Professors  William  Thomson 
and  Kankine,  have  also  given  me  their  assistance.  To  the  former  I  owe  many  invalu- 
able suggestions,  besides  his  notice  on  Thermo-Magnetism — (a  subject  which,  in  its 
present  foi'm,  is  almost  wholly  a  creation  of  his  sagacity  and  genius) — and  his  Essay  in 
the  Appendix  on  the  Electric  Telegraph  :  and  the  originality  and  power  of  the 
latter  will  be  recognized  in  articles  Heat,  Elasticity,  Vapours,  Steam  Engine,  &c. 
— I  am  deeply  uadebted  to  my  friend  Dr.  John  Taylor  of  the  Andersonian  Uni- 
versity. He  has  written  many  articles  on  Electricity,  and  on  those  portions  of  Optics 
that  have  relations  with  Physiology  and  with  Photogi'aphy.  Nor  do  these  contribu- 
tions comprehend  the  amount  of  my  obligations  to  him. — I  have  been  favoured,  besides, 
with  aid  from  Mr.  J.  R.  Napier  of  Glasgow;  from  Mr,  E.  Eitchie,  C.E.,  and  Mr. 
James  Elliot,  of  Edinburgh ;  and  from  Mr.  Ker,  one  of  our  recent  Bread albane 
Exhibitioners  :  but  I  must  emphatically  specify  the  services  of  another  and 
younger  Breadalbaue  Exhibitioner — Mr.  William  Jack,  now  of  St.  Peter's  College, 
Cambridge.  This  well-informed  and  very  promising  Student  has  contributed  numerous 
separate  articles ;  and  I  must  say  farther,  that  without  the  help  of  his  untiring  indus- 
try, it  would  have  been  difficult  for  me  to  have  gone  through  the  almost  mtolerable 
labour  uiseparable  from  the  producing  of  a  volume  like  the  present  one. 

Turning  from  Men  to  Books,  I  shall  candidly  confess,  that  when  I  assented  to 
Mr.  Griffin's  proposal  that  I  should  edit  such  a  Cyclopajdia,  I  had  it  in  my  mind  that 
I  might  make  the  scissors  eminently  effective.  Alas !  on  narrowly  examining  our  best 
Cyclopasdias,  I  found  that  the  scissors  had  become  blunted,  through  too  frequent 
and  vigorous  use.  One  great  exception  exists,  viz.,  the  Penny  Cyclopaedia  of  Charles 
ICnight.  The  cheapest  and  the  least  pretending,  it  is  really  the  most  philosophical  of 
our  scientific  dictionaries.  It  is  not  made  up  of  a  series  of  treatises,  some  good  and 
many  iadifferent,  but  is  a  thorough  Dictionary,  well  proportioned,  and  generally  writ- 
ten by  the  best  Men  of  the  time.  The  more  closely  it  is  examined,  the  more  deeply 
wiU  our  obligations  be  felt  to  the  intelligence  and  conscientiousness  of  its  Projector 
and  Editor. — But  I  acknowledge  many  debts  to  various  separate  works  ia  dif- 
ferent departments  of  science.  I  have  spoken  fi-equently  in  the  text  of  the  volume 
on  Practical  Astronomy  by  Professor  Loomis  of  New  York; — once  more,  I  beg 
to  recommend  it  as  the  best  work  of  the  kmd  in  the  English  tongue.  May  I 
record  the  wish,  that  Professor  Loomis  would  translate  the  invaluable  volumes  of 
BRtJNNOW  and  Sa witch?  A  new  Mathematical  Dictionary  by  Messes.  Davies 
and  Peck  has  recently  been  published  in  New  York.  It  is  a  great  advance  on 
Barlow's  Dictionary,  and  has  many  claims  on  the  attention  of  the  Student.  I 
have  extracted  a  few  articles  from  its  pages :  as  I  have  done  also  from  the  useful  and 
pleasing  introduction  to  the  Modern  Geometry,  by  Professor  Mulcahy  of 
Galway. — In  Physics,  there  is  not  at  present,  in  English,  any  standard  general  work. 
To  Dr.  Lloyd's  Lectures  on  the  Theory  of  Light,  I  have  been  largely  mdebted, 
especially  m  the  article  on  Thin  Plates,  and  part  of  the  article  on  Double 
Refraction.  Sir  David  Brewster's  recent  volume  on  Optics  has  often  guided 
me  in  the  exposition  of  phenomena;  as  weU  as  his  original  Memoirs:  and  of  course 
the  Repertoire  of  the  Abbe  Moigno  has  proved  a  constant  source  of  information.  It  is 
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scarcely  necessary  to  allude  to  the  services— of  which  I  have  freely  availed  myself— 
rendered  by  the  Abstracts  of  Memoirs,  &c.,  which  are  found  in  our  English  and  Foreign 
scientific  periodicals,  viz.  -.—The  Edinburgh  and  London  PhilosopMcal  Magazine,  the 
Annates  de  Physique  et  Chimie,  and  Poggendorfs  Annalen.  Finally,  let  mc  acknow- 
ledge the  obUgations  I  am  under  to  the  exquisite  and  instructive  Physical  Atlas  of 
Alexander  Keith  Johnston,  Esq. 

The  statement  now  made  may  convince  my  Eeaders  that  I  have  not  neglected 
appliances  likely  to  afford  adequate  aid.  I  wish  I  could  have  lessened  farther  the  very 
larsre  amount  of  what — as  a  glance  over  the  contents  of  this  Cyclopaedia  will  show — 
must  rest  on  my  own  responsibihty.  Owing  to  the  ceaseless  but  irregular  pressure 
necessarily  falling  on  the  Editor  of  such  a  volume,  I  have  not  been  able  to  restrict 
myself  to  the  treatment  of  those  parts  of  Physical  and  Mechanical  Science,  with 
which  previous  acquirement  had  rendered  me  rather  famihar :  nay,  I  have,  in  some 
cases,  felt  obhged  to  delegate  the  treatment  of  portions  even  of  these. — So  much  for 
the  building-up  of  this  book. — ^May  I  solicit  that  it  be  received  in  the  spirit  in  which 
it  is  ofiered? 


The  advantages  of  Alphabetical  arrangement  in  such  a  work,  are  undoubtedly 
largely  counterbalanced  by  the  broken,  incomplete,  and  therefore  unsatisfactory 
character  of  many  of  the  separate  articles.  This  inconvenience  has  been  obviated, 
as  far  as  practicable,  by  distinct  references  from  article  to  article:  and  several 
essential  references  omitted  in  the  text — are  indicated  and  supplied  in  the  pre- 
liminary table  of  Errata. — must  allude  however  to  two  matters  of  greater  conse- 
quence. It  has  not  been  possible  to  do  justice— even  comparative  justice — to  the 
Inquirers  who  have  advanced  and  are  rapidly  advancing  all  departments  of  Physics. 
"When  the  names  of  special  Inquirers  are  mentioned,  it  is  because  of  some  very  notice- 
able peculiarity  in  then-  relations  to  the  subject.  I  should  indeed  have  rejoiced  had 
space  permitted  the  introduction  of  Historical  considerations,  or  of  attempts  to  appre- 
ciate and  offer  tribute  to  the  worth  of  Contemporaries.  Neither  have  I  desired 
to  pronounce  absolutely  concerning  those  few  physical  questions  now  under  active 
discussion.  The  writers  of  the  articles  connected  with  such  questions  may  not 
have  thought  fit,  in  every  instance,  to  conceal  their  leanings;  but  the  intention  has 
always  be^n  to  state  fairly  the  nature  of  the  conflicting  views. 

J.  P.  N. 

Observatory,  ZQih  January,  1857. 


PREFACE  TO  THE  SECOND  EDITION. 


It  is  necessary  to  state  the  circumstances  under  which  the  Second  Edition  of  the 
Cyclopaedia  of  the  Physical  Sciences  is  issued.  The  revised  sheets  were 
passing  under  the  Author's  hand  when  it  was  arrested  by  death  in  the  midst  of  this, 
his  latest  effort ;  but  such  arrangements  had  been  made  for  completing  the  work, 
that  the  Editors  have  had  only  difficulties  of  detail  to  surmount  in  carrying  into 
execution  what  they  knew  to  be  the  Author's  intentions. 

A  few  errors  in  the  First  Edition  have  been  corrected,  some  omissions  sup- 
plied, and  several  articles  materially  enlarged,  to  make  room  for  the  more  recent 
results  of  experiment  and  speculation.  Among  other  subjects  which  have  received 
a  more  extended  treatment,  it  is  right  to  specify  that  of  "  Equations,"  which  has 
been  ably  and  folly  expounded  by  Mb,  Ker.  The  short  notice  of  "  Electrical 
Egg,"  which  formerly  appeared,  has  been  replaced  by  an  article  of  considerable 
length,  in  which  the  subsequent  important  discoveries  under  that  head  are  dis- 
cussed. Pkofessor  William  Thomson  has  kindly  revised  and  amplified  his 
articles  on  " Electrometer,"  and  the  "Electric  Telegraph."  A  valuable  addition 
has  been  made  to  that  on  Frauenhofer's  lines  in  the  account  which  Professok 
Stokes  has  given  of  his  discoveries  with  reference  to  the  Invisible  Spectrum. 

Several  entirely  new  articles  have  been  added.  Professoe,  Kankine  has 
supplied  those  on  the  "  Conservation  of  Force,"  and  the  "  Skew  Arch."  We  arc 
indebted  to  Dr.  Taylor  for  an  interesting  essay  on  the  "  Atmospheres  of  the 
Planets;"  to  Mr.  Hemming,  of  London,  for  a  history  of"  Decimal  Coinage;"  and 
to  Mr.  p.  E.  Dove,  for  an  article  on  "  Rifles." 

The  whole  Work  has  thus  been  considerably  increased  ;  and  we  have  only  to 
express  a  hope  that  enough  has  been  done  to  render  it  yet  more  worthy  of  the 
support  with  which  it  was  formerly  favoured. 


Glasgow,  January,  1860. 


SUPPLEMENTARY  REFERENCES. 


{Tlie  Reader  is  requested  to  insert,  or  notice,  the  following  references  from  Text  to  Appendix.'] 

Heating  of  Buildings,  page  431.    See  Note  concerning  Ventilation  in  Appendix. 
Imaginaries,  page  458.    See  Imaginary  Expressions  in  Appendbc. 

Light,  Velocity  of,  page  506.  Somewhat  discrepant  statements  are  found  in  varions  articles 
in  reference  to  tlie  actual  velocity  of  light.  The  best  Astronomical  determination  of  it  is 
still  perhaps  that  by  Stnive,  which  gives  it  as  191,515  miles  per  second.  The  physical 
determination  by  Fizeau  gives  a  higher  number — nearer  to  the  original  one  of  Rbmer. 
But  whatever  the  excellence  of  Fizeau's  experiments,  we  must  take  our  absolute  detennina- 
tion  from  astronomical  methods. 

Stereoscope,  page  812.   See  Appendix. 

The  following  Articles  will  be  found  in  the  Appendix  :  

Atmospheres  of  Planets.  Screw. 

Phase.  Steam. 

Phosphorescence.  Steam-Boiler. 

PoLYNOME.  Universal- Instrument. 
Pulley. 
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Aljcrvation  :  a  term  used  to  designate  three 
optical  phenomena  of  much  importance.  They 
are: — 

(1.)  Ahm-ation  of  Light ;  a  very  curious  appar- 
ent displacement  of  the  stars  ;  one,  to  which  any 
object  exterior  to  the  earth,  and  unaffected  by 
the  motion  proper  to  that  orb,  would  appear  sub- 
ject.   Its  nature  may  be  illustrated,  simply,  as 
follows : — Imagine  a  shower  of  rain,  falling,  in  the 
absence  of  wmd,  perpendicularly;  every  drop 
would  evidently  fall  right  through  the  axis  of  a 
tube  held  right  up  or  in  a  perpendicular  position, 
pro%aded  that  tube  were  at  rest.  The 
i„     vertical  position  of  the  tube  would 
thus  correspond  with  the  direction  of  the 
rain,  and  indicate  it.    But  if  the  tube 
■were  in  motion,  say  in  the  du-ection 
of  E,  the  rain  drop  entering  at  the 
centre  of  its  top  at  b  would  no  longer 
come  out  at  the  centre  of  the  end  at 
'  "    A :  on  the  other  hand,  it  would  strike, 
or  tend  to  strike,  before  issuing,  on  the  side  A  b 
of  the  tube.    In  such  a  case,  if  an  observer  or 
an  experimenter  desii-ed  to  catch,  at  the  middle 
of  the  tube's  end  a,  the  drop  which  entered  at 
the  middle  of  the  end  b,  he  would  require  to  in- 
cline the  tube  towards  the  direction  of  the  tube's 
motion,  as  below.    And  the  degree  or  amount 
I  of    the  requisite 

I  inclination  would 

evidently  depend 
on  the  swiftness  of 
the  tube's  motion, 
and  the  swiftness 
of  the  fall  of  the 
drop.  Now,  should 
an  observer  in  this  case  require  to  judge  of  the 
direction  in  which  the  drop  falls,  by  the  du-ection 
of  the  tube,  he  would  evidently  fall  into  groat 
error  should  he  suppose  the  direction  of  the 
former  to  be  identical  with  the  direction  of  the 
latter ;  or  if  he  did  not  apply  a  correction,  for  the 
purpose  of  avoiding  the  error  occasioned  by  the 
forward  motion  of  the  tube. — The  circumstances 
we  have  just  imagined,  are  precisely  those  under 
which  we  are  constrained  to  look  at  any  object 
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unaffected  by  the  motion  of  the  earth.  What- 
ever light  is,  it  is  propagated  in  straight  lines 
with  a  definite  velocity  of  195,000  miles  per 
second ;  and  thus  is  in  so  far  analogous  to  a  falling 
rain.  And  when  we  look  at  a  star,  we  are  not 
at  rest.  The  earth  partakes  of  various  motions, — 
the  two  leading  ones  known  to  us,  being  its 
annual  motion  in  its  planetary  axis,  and  its  diur- 
nal rotation.  The  du-ection  or  inclination  of  the 
tube  or  telescope  through  which  we  look,  there- 
fore, can  never  correspond  exactly  with  the  direc- 
tion of  the  light  coming  from  any  star  or  external 
object ;  and  if  we  judged  the  direction  or  place 
of  the  latter  to  be  identical  with  the  direction  of 
the  former,  we  should  go  wrong.  Further  still, 
the  error  in  question  would  be  a  constant  and  uni- 
form one,  if  the  motion  of  the  earth  were  always 
in  the  same  direction ;  but  as  we  move  in  a  cui've 
around  the  sun,  that  direction  must  be  always 
varying :  i.  e.  the  star,  as  determined  by  the  posi- 
tion of  the  obser\'er's  telescope,  must,  during  the 
course  of  the  year,  seem  removed  by  small  quanti- 
ties towards  each  side  of  its  real  place.  In  fact,  every 
star  appears  to  describe  a  small  annual  ellipse 
around  its  true  place ;  the  major  axis  of  which  is 
20^"  of  space.  This  ellipse,  however,  is  described 
irregularly,  owing  to  the  vai'jnng  velocities  of  the 
earth ;  but  as  its  entire  character  is  now  ascer- 
tained within  very  small  limits  of  eiTor,  the  cor- 
rection is  easily  made. — The  diurnal  aben-ation, 
or  that  depending  on  the  rotation  of  the  earth,  is 
very  small,  and  is  also  accurately  determined. — 
It  will  readily  occur  to  the  thoughtful  student, 
that  other  abeiTations  of  this  kind  may  exist, — • 
depending,  for  instance,  on  that  motion  of  trans- 
lation through  space  to  which  we  cannot  doubt 
that  the  sun,  with  all  his  planets,  is  subject :  the 
deteiTnination  of  the  amount  of  that,  and  of  its 
corresponding  aberration,  is  one  of  those  feats 
whose  accomijlishment  will  inspire  and  reward 
the  ambition  of  future  times. — The  discovery  at 
once  of  the  fact  and  cause  of  the  annual  aberra- 
tion is  due  to  the  illustrious  Englishman,  Brad- 
ley. The  best  practical  discussion  of  it,  we 
owe  to  a  recent  continental  astronomer;  one 
whose  eminent  taste  and  exact  genius  place 
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him  by  the  side  of  Bradley  —  the  lamented 

Bessel.     See  the   Tabulca  liegiomontancB.  

The  explanation  now  given  merely  assumes  the 
fundamental  fact  that  light  is  transmitted  in 
straight  lines.  But  considerable  difficulty  arises 
60  soon  as  we  accept  the  modern  phj'sical  theory 
of  Light.  Under  the  doctrine  of  Undulations, 
the  direction  of  propagation,  or  the  direction 
in  which  the  luminous  object  as  seen,  is  nor- 
mal or  perpendicular  to  the  front  of  the  wave; 
and  the  theoretical  question  is,  in  what  manner 
a  wave,  propagated  through  a  motionless  Ether, 
is  afiected  by  the  motion  of  a  body  such  as  the 
Earth,  sweeping  through  that  Ether  ?  Modifi- 
cation cleai-ly  must  take  place,  else  there  were 
no  aberration  whatever  ;  but  what  is  that  modifi- 
cation ?  how  can  it  be  reconciled  with  the  geome- 
trical theory  of  the  propagation  by  waves  ?  The 
difficulty  evidently  consists  in  determining  in 
■what  manner  the  direction  of  the  normal  of  a 
•wave  can  be  affected  by  the  motion  of  the  body 
which  that  wave  reaches.  Professor  Stolses 
has  fully  discussed  this  problem;  nor  can  any- 
thing at  present  be  added  to  his  memoirs  and 
those  of  Professor  Powell.  He  supposes  that 
the  Earth  and  Planets  drag  along  with  them 
a  portion  of  the  Etherial  Medium ;  so  that 
while  the  Ether  at  their  surfaces  is  at  rest  with 
regard  to  these  surfaces,  its  motion  gradually 
diminishes  with  distance,  until  it  takes  on  the 
repose  of  the  universal  Ether  beyond.  All  aber- 
rations may  be  explained  on  this  hypothesis — 
even  that  which  ma}',  in  after  ages,  be  found  de- 
pendent on  the  motion  of  translation  of  the  Sun. 
Other  contributions  have  been  made  to  this  sub- 
ject— for  instance,  those  of  M.  Radicke. — For  Mr. 
Stokes's  memoirs,  see  Transactions  of  Cambridge 
Philosophical  Society. 

(2.)  Aberration  oj  BefrangiUUty.  White 
light  is  composed  of  a  number  of  heterogeneous 
rays,  of  different  colour.  Their  refrangibility  is 
unequal,  and,  therefore,  when  they  traverse  a 
lenticular  glass,  they  have  on  its  axis  as  many 
sets  of  foci  as  there  are  colours.  The  images  pro- 
duced at  these  points  are  superimposed,  more  or 
less,  and  the  edges  fringed  with  indistinct  colour- 
ing. The  aberration  holds,  both  in  length  and 
breadth,  the  less  refrangible  rays,  unite  at  foci 
farther  .away  tlian  the  others,  and  constitute  the 
aberration  in  length.  The  larger  cover  to  some 
extent  those  whose  light  is  most  powerful,  pro- 
ducing an  indistinctness  of  colouring,  and  some- 
times a  sort  of  variegated  ring.  This  gives  rise 
to  the  aberration  in  breadth.  See  Achuojiatic 
Telescope  {([.  v.) 

(3.)  Aberration  of  Sphericity.  Consider  a 
spherical  cap,  forming  a  concave  spherical  mir- 
ror. The  opening  of  the  mirror  will  be  the  angle 
formed  by  two  radii  from  the  centre  of  the  sphere 
to  two  extremities  of  the  diameter  of  the  rim.  Let 
us  suppose  a  luminous  point  situated  on  the  axis, 
that  is,  the  line  joining  the  centres  of  all  the  con- 
centric circles  of  the  cap,  with  the  centre  of  the  | 


sphere  of  which  it  is  a  part.  The  rays  cmittf 
by  this  point  will  be  reflected  and  reconcentrafr-' 
at  one  or  more  points  of  this  axis.  If  tlie  an 
which  all  the  rays  make  with  the  axis  be  urn; 
3°  or  4°,  they  will  be  reflected  upon  one  point 
or  nearly  so,  and  that  point  is  called  the  focus 
But  if  the  range  of  the  angles  of  emission  be  sen 
sibly  higher  than  this,  there  would  be  a  line  o 
foci;  one  point  serving  for  reconcentrating  all  th 
rays  upon  orae  of  the  concentric  circumferences  o 
the  cap ;  and  the  focus  for  each  such  circumfer 
ence  being  nearer  the  cap,  the  greater  that  cir 
cumference  is.  We  would  have  thus  a  line  n 
images  of  the  luminous  point ;  and  this  effect ' 
termed  the  aberration  of  sphericity.  See  Tele 
SCOPE,  Eeflecting. 

Absorption :  etymologically,  a  "  drinkin 
in ;"  technically,  the  physical  assimilation  of  on 
substance — ponderable  or  imponderable,  accord 
ing  to  still  current  phraseology — by  another  sub 
stance;  as  if  the  first  substance  got  retain- 
among  the  pores  of  the  second.  There  are  thr 
classes  of  phenomena  to  which  the  word  Abso^ 
tion  is  usually'  applied. 

(1.)  Absorption  of  one  Ponderable  by  another . 
— for  instance,  gases  hy  water  or  charcoal.  Se: 
Cyclopmdia  of  Chemistry  passim.  Absorption 
of  this  description  seem  to  have  been  no  unim 
portant  agencies,  in  modifying  even  the  soli 
crust  of  our  globe. — In  reference  to  the  absorp- 
tion of  gases  by  liquids, — by  far  the  most  im- 
portant of  all  cases  of  absorption, — the  recent 
researches  of  Bunsen  leave  little  to  be  desired. 
The  special  phenomena  to  be  obser^^ed  and  the 
problem  to  be  realized  are  as  follows : — "  When 
a  gas  and  a  liquid,  exercising  no  reciprocal  che- 
mical action,  are  placed  in  contact,  a  portion 
of  the  gas  disappears,  or  is  absorbed  by  the 
liquid.  The  quantity  absorbed  depends  on  the 
temperature  of  the  two  masses,  and  on  the  nature 
of  the  gas  and  of  the  liquid ; — the  problem  is  to 
determine  the  part  played  by  each  of  these  ele- 
ments in  the  production  of  the  observed  effect." 
We  subjoin  Bunsen's  leading  results.  (1.) 
Suppose,  first,  that  a  liquid  of  unit-volume,  is 
in  contact  ivith  an  indefinite  atmosphere  of  a  de- 
terminate gas,  it  will  always  absorb  the  samo 
quantity  of  the  gas,  provided  the  pressure  and 
temperature  remain  the  same.  Taking  the  tem- 
perature and  pressure  at  zero  (temperature  at  32° 
and  pressure  30  inches),  the  numerical  expres- 
sion denoting  the  quantitj'  absorbed  is  termed 
the  coefficient  of  absorption  of  that  gas  by  the 
liquid.  If  the  temperature  is  constant,  and  w 
the  weight  of  gas  absorbed,  under  the  zero  pres- 
sure, the  weight  of  the  quantity  absorbed  under 

p 

any  other  pressure,  P,  is  foiuid  to  be  w    ~  .  Any 

otlier  volume  u  of  the  same  liquid  will,  under  such 

P 

circumstances,  absorb  «  •  w  —. — Again,  let  the 
indefinite  atmosphere  be  composed  of  different 


ABS 

gases,  whose  coefficients  of  absorption  are  respec- 
tively a,  a',  a",  &c.  If  V,  v',  v",  represent  tho 
proportions  of  each  gas  in  the  mixture,  it  can  be 
shown  that  a  v,  a'v',  a"  v",  &c.,  are  tlie  measures 
of  the  volumes  of  the  different  gases  absorbed  by 
the  liquid  under  any  given  pressure ;  and,  con- 
sequently, that  in  a  unit-volume  of  the  com- 
pound gas  absorbed,  the  following  quantities  of 
the  several  gases  will  be  found,  viz. : — 

a  V   a'v' 

aV-i-a'vf  +  a"v"+         aV  +  a!  v'  +  a 

(2.)  Secondly,  If  the  superposed  atmosphere  be 
limited,  the  pressure  will  change  as  absorption 
proceeds,  and  the  problem  becomes  somewhat 
more  complex.  Suppose  that  the  atmosphere  at 
first,  under  the  pressure  P,  contained  v  and  v' 
volumes  of  two  gases,  whose  coefficients  of  absorp- 
tion at  zero  temperature  are  a  and  a',  and  let 
X  and  x'  designate  the  unknown  final  pressures 
of  the  two  elastic  fluids.  The  volumes  absorbed, 
reduced  to  the  pressure  P,  will  evidently  b& 


V''  +  ' 


U  ax 


and 


At  first,  one  of  the  gases  under  the  pressure  P 
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occupied  a  volume  equal  to  v.  There  remains 
then  unabsorbed  a  quantity  capable  of  occupying, 
under  the  same  pressure,  a  volume  expressed  by 

V  —         ;  and  as  this  gas  really  occupies  a 

volume  V  +  v'  under  the  pressure  x,  we  derive 
from  the  law  of  Mariotte  the  equation 

u  ax     (v  +  vf)x  , 
V  ^  =      p       i  whence, 

_  vV 

V  +  v'  +  u  a 
The  quantity  of  this  gas  not  absorbed,  there- 
fore, is 

V  +  v' 
V  '  . 

V  +  V'  +  U  a 

And  so  of  the  other  gas,  or  of  any  element  of  a  more 
complex  combination. — (3.)  Buusen  next  ex- 
amines the  effect  of  the  variation  of  temperature, 
and,  after  elaborate  investigation,  he  constructs 
a  table,  of  which  the  following  is  an  extract.  It 
gives  the  coefficient  of  absorption  of  the  gases  by 
water  under  pressure  30  inches,  and  at  any  tem- 
perature i,  Centigrade: — 


Nitrogen,   c  =  0,020346  —  0,00053887  i  +  0,000011156  i« 

Hydrogen,    c  =  0,0193 

Ethyle  gas,   c  =  0,031474  —  0,0010449   t  +  0,000015066 

Gas  from  a  marsh,    c  =  0,05449  —  0,0011807   t  +  0,000010278  f 

Methyle  gas,    c  =  0,0871     —  0,0033242   t  +  0,0000603  f 

Carbonic  oxide,    c  =  0,032874  —  0,00081682  t  +  0,000016421  f 

Olefiantgas,   c  =  0,25629  —  0,00913631  t  +  0,000188108  f 

Carbonic  acid  gas,   c  =  1,7967     —  0,07761      <  +  0,0016424  f 


After  exposing  the  theory  of  the  subject  in  the 
general  manner  indicated  above,  Bunsen  proceeds 
10  develop  certain  valuable  applications  of  his 
formula.  Referring  for  his  processes  —  which 
are  exceedinglj'  simple — to  his  second  memoir, 
in  the  Philosophical  Magazine  for  1855,  vol.  i., 
we  shall  here  make  room  for  the  more  important 
of  his  results. — (a),  Supposing  that  in  the  case  of 
a  mixed  gas,  the  following  quantities  are  known, 
viz. : — a,  the  absorption-coefficient  of  the  first 
gas;  ^,  the  absorption-coefficient  of  the  second; 
V  the  common  volume  of  both  gases  before 
absorption  under  pressure  P;  the  residual 
volume  after  the  absorption  under  pressure  Fj  ; 
and,  lastly,  the  volume  A  of  the  absorbing  water : 
then  if 


two  gases,  reduced  to  pressure  1,  may  be  deter- 
mined. In  the  memoir  referred  to,  the  formula 
is  tried  on  two  unknown  mixtures  of  hj'drogen 
and  carbonic  acid  gas ;  and  for  the  sake  of  com- 
parison, the  same  gas  was  analyzed  by  the  ordi- 
nary endiometric  methods.  The  following  are 
the  results :  The  first  experiment  gave — 


1.  By  endiometry,  . 
'2.  By  absorptiometry, 


Hydrogen. 
0'9246 
0-9207 


Carbonic  Acid. 
0-0754 
0  0793 


we  have 


and 


W  =  VP 
A  =  (Vi 


+  a,  7i)  Px 
+  H  A)  Pi 


«  +  2/ 


W  —  B  A 
A  —  B  '  \V 

A_W  B 


x+y       A  — B  W 
from  which  x  and  y,  the  original  volumes  of  the 


By  the  second  experiment  on  other  proportions 
of  the  same  gases,  Bunsen  obtained — 


1.  By  endiometry, 

2.  By  absorptiometry. 


Hydrogen. 
26-8L 
2G-67 


Carbonic  Acid. 
73-19 
73  33 


The  correspondence  in  both  cases  is  certainly  suf- 
ficiently remarkable  to  establish  the  value  of 

absorptiometry  (b),  But  this  mode  of  analysis 

may  go  much  farther ;  it  may  determine  also  the 
nature  of  the  component  parts  of  an  unknown  gas, 
as  well  as  their  proportions  in  the  compound,  when 
once  the  absorption-coefficients  of  all  the  gases 
are  determined.  Bunsen  justly  remarks  that  any 
general  re-agent,  to  distinguish  between  the  con- 
stituents of  a  gaseous  mixture,  has  hitherto  been 
wanting.    The  quantitative  composition  of  a  gas 


of  a 
it  is  uncer- 
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as  determined  by  endiometrj',  is  mixed  up  with 
hypotheses  as  to  its  qualitative  constitution.  "  If," 
he  says,  "analysis  shows  the  presence 
mixtui-e  of  marsh  gas  and  hydrogen, 
tain  whether  we  are  not  experimenting  upon 
mixtures  of  methyle  and  hydrogen,  or  of  raethyle, 
marsh  gas,  and  hydrogen."    It  is,  however,  easy, 
by  means  of  the"  law  of  absorption,  to  remove 
these  doubts,  for  "  the  absorption-coefficients  serve 
as  re-agents  which  cannot  be  found  in  other 
modes  of  gas  analysis— presenting  the  peculiar- 
ity that  they  not  only  show  the  qualitative,  but, 
at  the  same  time,  the  quantitative  composition 
of  the  gas.    Our  author,  indeed,  develops  easy 
formula,  by  which,  should  an  unknown  gas  be  a 
mixture  of  an  unknown  volume  x  with  another 
volume  y  of  another  unl^nown  gas,  it  is  possible, 
after  three  absorptiometric  experiments,  to  deter- 
mine,/7-s<,  what  gases  are  present  in  the  mixture, 
and,  secondly,  in  what  proportion  they  are  pre- 
sent.—-(c),  Bunsen  next  lays  down  rules  for 
determining,  in  the  most  precise  manner,  the 
alteration  which  a  mixture  of  gases  undergoes 
by  contact  with  water;  and  he  passes  to  con- 
sideration of  those  highly  interesting  phenomena 
•which  accompany  the  evolution  of  gas  in  mineral 
springs,— phenomena  that  cannot  be  fully  under- 
stood, unless  by  help  of  the  law  of  absorption. 
Passing  over  more  delicate  inquiries,  it  is  plain, 
for  instance,  that  in  all  springs  that  contain  car- 
bonic acid  gas  alone  in  solution  (and  these  are 
by  far  the  most  common),  the  limit  or  maximum 
of  the  gas  depends  definitely  on  the  temperature 
of  the  spring,  the  depth  of  its  shaft,  and  the 
height  of  the  spring  above  the  sea.    The  preten- 
sions of  all  springs  can  thus  be  rigorously  tested, 
Sigwart,  for  instance,  gave  out  that  the  "  Fiir- 
sten  Quelle"  in  Imnau  contained  2,500  cubic 
centimetres  in  the  litre;  the  maximum  is  only 
1373-2.    By  the  same  uuerruig  guide,  we  are 
led  to  determine  the  maximum  amount  of  carbo- 
nic acid  gas  that  can  be  carried  down  from  the 
atmosphere  to  the  surface  of  the  earth,  as  well 
as  the  mode  of  its  distribution  over  the  different 
zones  of  terrestrial  climate.    This  quantity  dimi- 
nishes as  the  temperature  rises ;  and  therein  seems 
to  appear  an  effort  of  nature  to  assist  the  tardy 
vegetation  of  the  cold  north  by  a  richer  nourish- 
ment, and  by  a  sparing  supply  to  keep  the  luxu- 
rious growth  of  the  tropics  within  limits.— 
Bunsen  proceeds  with  the  rationale  of  the  great 
productiveness  of  mould,  rich  in  summer,  and  of 
the  advantages  derived  by  the  agriculturist  from 
breaking  up  his  land.    He  promises  to  extend 
his  researches  farther,— to  ."scrutinize  the  pheno- 
mena of  the  oceanic  atmosphere  and  of  the  ab 
sorption  of  air  by  the  blood.  _ 

(2.)  Absorption  of  Caloric  or  Ileat.  ^  Ih 
technical  terms  of  the  sciences  generally  ongmate 
in  theories  or  hypotheses:  they  express  not  only 
the  fact  but  some  supposed  explanation  ot  lU 
But  although  it  is  often  convenient  to  retam 
tliem  after  the  ;liscredit  of  Uio  speculation  in 
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which  they  originated,  the  student  requires  to  be 
on  the  watch  lest  they  carry  into  his  mind  some- 
what of  those  exploded  notions,  and  thus  affect 
injuriously  his  train  of  thinking. — Absorption  of 
Heat  meant  originally  as  follows: — A  ray  or 
beam  of  heat  falling  on  any  substance,  part  of 
it  enters  that  substance  and  warms  it,  or  is 
absorbed ;  while  another  part  is  rejected  or  re- 
flected by  that  substance,  and  passes  off  through 
space.    The  class  of  inquiries  for  which  it  really 
stands,  on  the  other  hand,  may  be  defined  thus : 
Different  bodies  exposed  to  the  same  heating  in- 
fluence become  heated  with  various  facilities, — is 
there  any  law  regarding  such  facilities,  and  ia 
that  law  connected  with  other  relations  of  these 
bodies  to  the  phenomena  of  heat?    Two  distinct 
inquiries  demand  attention, — the  frst,  omitting 
reference  to  the  opacity  or  transparency  of  bodies 
with  regard  to  heat — their  athei-mancy  and  dia- 
thermancy; and  the  second  relating  especially 
to  these  latter  properties. — First.  The  gene- 
ral absorbing,  or,  as  it  has  also  been  termed, 
the  admissive  power  of  bodies  with  regard  to 
heat,  has  been  the  subject  of  laborious  investiga- 
tion by  Leslie,  Dulong  and  Petit,  Melloni,  and 
more  recently  by  Provostsaye  and  Desains.  It 
seems  to  depend  mainly  on  two  elements, — the 
nature  of  the  body's  surface,  and  the  nature  of 
the  heating  source.    1.  The  nature  and  amount 
of  the  influence  of  body's  surface,  on  its  capa- 
bility of  being  warmed,  may  be  infen-ed  from 
the  following  results,  obtained  chiefly  by  Pro- 
vostsaye and  Desains.    The  numbers  represent 
the  quantities  absorbed  of  100  incident  rays  of 
heat: 

Lampblack   100 

Black  lead   100 

Writing  paper   98 

Common  glass   90 

China  ink   85 

Eock  salt   72 

Silvered  glass   27 

Mercury   23 

Polished  iron   23 

  zinc   19 

.   steel   17 

Platina,  slightly  polished.   24 

  in  thin  leaves   17 

Tin   14 

MiiTor  metal,  polished   14 

Brass,  highly  polished   7 

Copper   7 

Gold   5 

Silver,  polished   3 

Numerical  determinations  of  this  kind  are  of 
high  importance  in  tlie  arts,  and  of  easy  applica- 
tion. The  following  general  conclusion  is,  how- 
ever, of  higher  interest  A  heated  body  commu- 
nicates heat  in  two  waj-s, — through  contact,  or 
by  that  mode  of  influence  from  a  distance,  which 
has  been  called  radiation  or  emission.  Now,  the 
absorbing  or  admissive  quality  of  bodies,  and  their 
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racUat tug  ov  emissive  faculty,  dx<^  directly  propor- 
tional; a  body  -wlien  heated  radiates  with  an 
energy  exactly  measurable  by  its  facility  in 
absorbing;  a  conclusion  indicated  by  Leslie  and 
established  for  all  circumstances  and  all  tempera- 
tures by  Dulong  and  Petit.  Experimental  de- 
terminations of  absorptive  power,  are  thus  deter- 
minations of  the  emissive  power  also. — 2.  This 
absorbing  faculty  of  bodies  varies  to  some  extent 
with  the  nature  and  temperature  of  the  source  of 
heat ;  so  that  no  numerical  evaluation  is  precisely 
accurate  unless  in  reference  to  one  specific  soui'ce 
of  heat.  Science  is  indebted  to  Melloni  for  the 
&st  exact  presentation  of  this  curious  phenomenon. 
Its  natm-e  wUl  appear  in  the  following  table ; 
•where  the  numbers  in  the  vertical  columns  re- 
present the  relative  absorbing  powers  of  the  sub- 
stances named,  when  subjected  to  the  specified 
sources  of  heat : — 


Surfaces. 

Lamp. 

Incan- 
descent 
Platinum. 

Copper 

at 
750  dgs. 

Cube  at 
212  dgs. 

Lamp  Black, .. .. 

100 

100 

100 

100 

96 

95 

87 

85 

Black  Lead,  .... 

53 

66 

89 

100 

52 

54 

64 

91 

Rock  Salt,  

43 

47 

70 

72 

Polished  Met.il,.. 

14 

13-5 

13 

13 

The  variations  are  sufiiciently  striking.  MeUoni 
takes  a  theoretical  view  of  the  phenomena,  and 
is  attracted  by  analogies  drawn  from  prevalent 
theories  of  light.    Just  as  a  ray  of  white  light 
is  a  sheaf  of  various  rays  separable  by  means  of 
their  different  refrangibilities — (see  Spectrdm) 
— so  he  imagines  it  with  a  ray  of  ordinary  heat ; 
each  ray  in  the  sheaf  having  its  peculiar  relation 
to  the  body  on  which  it  impinges.    And  as  the 
heat  issuing  from  difierent  sources,  and  with  dif- 
ferent temperatures,  may  contain  various  propor- 
tions of  these  simple  rays,  the  apparent  anomalies 
expressed  in  the  foregoing  horizontal  lines  may 
thus  seem  explicable.     It  cannot,  however,  be 
conceded  that  Melloni's  remarkable  experimental 
results  establbh  the  truth  of  his  theory. — Se- 
condly.   The  term  absorption  has  likewise  been 
generally  applied  to  that  loss  of  radiant  heat  wh  ich 
occurs  on  its  passing  through  bodies, — akin  to  the 
apparent  loss  of  light  on  its  passage  through  semi- 
opaque  and  coloured  substances.    Melloni  has 
recently  given  to  this  class  of  phenomena  the 
much  more  correct  name  of  alhermancy  and 
diathermancy;  nevertheless,  we  shall  describe 
them  under  the  old  and  better  known  terms. 
The  following  are  the  leading  facts  at  present 
established.    The  quality  of  bodies  which  causes 
tlieir  absorption  of  heat,  has  no  relation  to 
transparency  or  opacity ;  that  is,  to  the  quality 
which  causes  their  transmission  or  absorption  of 
radiant  light.    For  instance,  rock  salt  has  no 
power  of  absorption,  being  purely  diathcrmanous, 
Vhile  a  sci-een  of  alum  absorbs  a  verj'-  large  por- 
tion of  the  ray,  especially  if  the  source  of  heat  be 
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of  low  temperature ;  black  glass,  too,  and  discs 
of  quartz,  would,  with  smoke,  transmit  no  light, 
while  they  are  much  less  absorbent  of  heat  than 
alum.  No  body  yet  known  is  so  perfectly  dia- 
theiTOanous  as  rock  salt;  it  absorbs  no  sensible 
portion  of  radiant  heat,  although  the  plate  be  an 
inch  thick :  all  other  substances  absorb  more  or 
less  of  the  transmitted  beam ;  and  the  absorbed 
proportion  varies  with  the  thickness  of  the  plates 
and  the  source  of  heat,  according  to  very  com- 
plex laws.  Generally  speaking,  rays  proceeding 
from  som'ces  of  a  low  temperature,  contain  a  large 
proportion  of  absorbaljle  rays ;  and  in  regard  to  the 
tliiclcness  of  the  plate,  the  quantity  absorbed  in- 
creases rapidly  as  the  thiclaiess  increases.  To  this 
increase,  however,  there  is  a  limit ;  for  after  the 
plate  attains  a  certain  thickness,  its  power  to  ab- 
sorb seems  incapable  of  further  augmentation, — 
as  if — to  recur  to  the  words  of  oiu-  fonner  theoiy 
— the  sheaf  of  rays  proceeding  from  each  som-ce 
were  composed  of  elements  variously  absorbable, 
some  being  completely  absorbed  by  plates  of 
slight  thickness,  others  yielding  only  to  greater 
thicknesses,  whUe  the  remainder  resist  all  ab- 
sorption. There  is,  in  fact,  a  striking  analogy 
between  the  phenomena  of  absorption  oi:  heat, 
when  passing  through  media,  not  perfectly 
athermanous,  and  the  transmission  of  radiant 
light  through  coloured  glasses.  For  instance, 
light,  which  has  passed  through  a  red  glass,  is 
not  further  absorbable  by  red  glasses,  while  a 
disc  of  violet  glass  will  absorb  or  destroy  it  all ; 
so,  while  additional  thicknesses  of  alum  ab- 
sorb no  more  heat,  the  interposition  of  a  thin 
plate  of  green  glass  will  destroy  the  whole  of  the 
ray  transmitted  through  a  thin  plate  of  alum  ; — 
the  effects  of  the  combination,  or  superposition  of 
different  screens,  being,  in  either  case,  indepen- 
dent of  the  order  of  superposition  Compare 

DiATHEEMAKISM,  DIFFUSION,  RADIATION,  RE- 
FLECTION. Reference  is  also  made  to  Melloni's 
Remarkable  Papers,  reprinted  in  Taylor's  Scien- 
tific Memoirs. 

(3.)  Absorption  of  Light. — The  subjects  compre- 
hended under  the  foregoing  term,  are  the  obsciu-- 
est  in  all  Optics.  They  have  not  been  fully 
explored  by  experiment,  and  their  theory  is  far 
from  satisfactory.  The}'  may  be  ranged  under 
three  heads. — First.  The  natxiral  colour  of 
bodies,  has  luitil  lately  been  attributed  to  an  ab- 
sorption. The  white  or  natural  solar  ray  being 
shown  by  the  prism  to  be  a  sheaf  of  rays  of  dif- 
ferent coloiu-s,  it  was  supposed  that  every  mate- 
rial substance  has  the  faculty  to  absorb  or 
appropriate  part  of  the  natural  ray,  and  to  reject 
or  reflect  the  residuum ;  and,  as  this  reflected 
residuum  might  consist  of  one  primary  colour,  or 
any  combination  of  primary  colours,  the  notion 
offered  a  prima  facie  highly  probable  account 
of  that  infinite  luxuriance  of  hue  which  distin- 
guishes external  nature.  But  the  speculation 
will  not  stand  the  test  of  inqmry.    Analyzed  by 

I  the  polariscope,  the  coloured  light,  reaching  U3 
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from  material  bodies,  turns  out  not  to  be  reflected 
but  refracted  light,—  emanating,  therefore,  from 
the  bodies'  interior.     And,  still  further,  it  is 
maintained,  on  grounds  far  from  untenable,  that 
the  white  or  ordinary  ray  falling  on  any  body 
•which  appears  coloured,  is  really  reflected  white ; 
so  that  there  can  be  no  decomposition  of  the 
ray,  or  one  set  of  colours  absorbed  and  an- 
other set  reflected.    Tlie  whole  of  this  curious 
subject  is  discussed  under  Colours.     It  is 
certainly  not  proved  as  yet  that  a  bona  fide  ab- 
sorption has  aught  to  do  with  the  phenomenon. — 
Secondly.    The  term  transparency  is  only  rela- 
tive.    No  body  is  so  transparent  that  light 
passing  through  it,  shall  emerge,  of  the  same 
quantity  and  quality,  as  when  it  entered.  And 
the  loss  or  modification  which  the  ray  undergoes 
is,  in  common  language,  termed  absorption. 
One  instance  will  sufiice  to  illustrate  the  case. 
Through  a  piece  of  polished  smalt  blue  glass,  the 
colour  transmitted  is  mainly  blue.    But  to  define 
the  effects  of  transmission,  it  is  needful  to  look 
not  at  the  compound  white  light,  but  at  the 
spectrum,  through  such  a  medium.    If  the  glass 
be  of  extreme  thinness,  all  the  colours  are  seen, 
although  the  eye  can  recognize  dififerences  in 
their  relative  intensity.    But  when  the  thick- 
ness of  the  plate  reaches  the  twentieth  of  an  inch, 
we  discern  very  sti-iking  and  singular  appearances. 
The  spectrum  seems  no  longer  continuous^  but 
consists  of  several  detached  portions,  separated 
by  broad  black  intervals ;  the  rays  filling  these 
spaces  m  the  perfect  spectrum  being  in  some  way 
extinguished.    If  the  thickness  of  the  plate  is 
increased,  the  black  spaces  become  broader.,  till 
at  length  aU  the  colours  between  exti-eme  red 
and  extreme  violet  are  wholly  destroyed.  If 
these  semitransparent  media  were  perfectly  trans- 
parent with  regai-d  to  one  primitive  colour,  and 
opaque  to  all  others,  the  resultmg  phenomena 
would  be  simple ;  but  as  each  thin  medium  is 
very  imperfectly  transparent  with  regard  to  any 
colour,  and  variously  so  with  regard  to  the  difier- 
ent  colours,  the  phenomena  of  absorption  are 
most  complex;  tlie  same  medium,  when  altered 
in  thickness,  appearing  to  transmit  quite  different 
colours.    Take,  for  instance,  a  thin  hollow  glass 
wedge,  and  fill  it  with  muriate  of  chromium  ; 
white  paper  seen  tlurough  the  thin  edge  will  ap- 
pear of  a  fine  green,  but  as  we  look  through  a 
greater  thickness,  the  green  tint  giws  livid,  and 
passes  through  a  brownish  hue  to  a  deep  blood - 
red.    No  one  has  contributed  so  much  to  the 
facts  of  this  subject  as  Sir  David  Brewster. 
We  owe  to  him  especially  the  discovery  of  those 
remarkable  powers  of  the  nitrous  oxide  and 
other  gases,  to  which  we  shall  aftenvards  refer. 
Compare    Spectuum.  —  Thirdly.      Tlie  re- 
markable discovery  by  Frauenhofer  of  _  dark 
lines  in  the  solar  spectrum,  natm-ally  originated 
much  novel  and  curious  speculation  regard- 
ing light.     The  phenomenon  itself  is  fully 
described  under  Fbauenuofer's  Lines,  as 
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well  as  the  effect  of  sundry  gases  just  alluded 
to.  Suffice  it  here,  that  its  similarity  to  the  so- 
called  absorptive  effects  of  coloured  glasses,  sug- 
gested at  an  early  period  of  these  inquiries  a  cor- 
responding explanation:  the  absent  rays  were 
spoken  of  as  absorbedhy  the  gases  in  the  latter  case , 
in  the  former  by  the  atmospheres  of  the  sun  and 
other  stars,  from  which  the  defective  light  issued. 
This  theory  natm-ally  enough  led  to  a  strict  exa- 
mination of  the  solar  ray  dui'ing  an  annular 
eclipse;  for  then  the  light  reaching  the  earth 
pierces  through  an  unwonted  thickness  of  our 
luminary's  atmosphere:  but  as  no  unusual  defect 
is  discernible  under  such  cu-cumstances,  no  con- 
firmation of  the  theory  of  absorption  has  hence 
been  derived.  In  the  opinion  of  many  physicists, 
a  better  explanation  of  the  entire  class  of  phe- 
nomena can  be  drawn,  on  tlie  basis  of  the  Doo- 
trine  of  Undulations,  from  what  is  termed  In- 
terference.  We  shall  discuss  this  fully  under 
Interference  and  Colours,  q.  v.  The 
student  is  referred  further  to  the  numerous, 
and  most  interesting  researches  of  Sir  David 
Brewster. 

Accelerated  Motion.  The  sumplest  mode  of 
motion,  as  we  conceive  it,  is  when  the  moymg 
body  passes  through  equal  spaces  in  equal  tunes 
—a  mode  to  which  the  name  of  uniform  motion 
is  rightly  appropriated.    It  is  evident,  however, 
that  many  other  modes  are  conceivable;  for  in- 
stance, the  body  may  move  quicker  and  qmcker 
the  longer  its  motion  is  sustamed— m  other  words, 
it  may  move  over  a  greater  space  during  the  second 
second  than  it  did  durmg  the  first— over  a  greater 
space  duruig  the  third  second  than  it  did  durmg 
the  second,  and  so  on.  Motion  of  this  description 
is  termed  Accelerated  Motion.    It  is  clear,  also, 
that  an  infinite  variety  of  acceleraticms  is  possible, 
inasmuch  as  we  can  conceive  an  infinite  variety 
in  the  laics  according  to  which  the  acceleraitoj* 
takes  place;  that  is  to  say,  during  any  second  of 
time,  the  s-iviftness  may  be  supposed  mcreased 
only  as  much  as  durmg  any  other  second,  or,  that 
increase  mav  follow  any  other  law.    The  case  is 
much  the  simplest  when  the  acceleration  in  a  given 
time  is  uniform— the.  Motion  being  hence  termed 
uniformly  accelerated  motion ;  and  this  is  the  only 
mode  of  accelerated  motion  presented  to  us  by  the 
simpler  phenomena  of  the  universe.  When  a  hea^y 
body  falls  from  a  height  it  is  found  to  traverse 
16  l-12th  feet  during  the  first  second  of  its  fall, 
and  at  the  end  of  that  second  it  has  acquired  a 
velocity  capable  of  carrying  it  through  2  X  16 
l-12th  feet,  or  32  l-Gthfeetduringtlienextseco»d. 
During  that  second,  however,  it  is  found  to  move 
through  32  l-Gth-flG  l-12th  feet,  or  48  l-4th 
feet,  so  that  it  has  been  again  accelerated  by  tlio 
same  quantity  as  before,  viz.,  16  l-12th  feet,  and 
the  same  acceleration  holds  during  every  succts- 
sive  second.     The  laws  of  such  a  motion  are 
easily  determined.    In  the  first  place,  geometri- 
cally.  The  motion  which  most  closely  resembles 
uniformly  accelerated  motion  would  be  one,  where 
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for  very  small  portions  of  time,  the  body  in  ques- 
tion moves  uniformhj;  and  at  the  expiry  of  each 
of  these  portions  receives  a  uniform  mcrease  ot 
speed. 


Suppose,  for  example,  the  line  AG,  repre- 
senting the  time  m  -which  a  body  moves,  to  be 
divided  into  smaller  equal  portions  at  b,  c,  d,  e,  f. 
Suppose,  fiu-ther,  that  for  the  whole  space  of  time 
represented  by  a  b,  the  body  moves  with  the 
velocity  b  o  (perpendicular  to  A  b)  ;  and  that  at 
that  moment  it  receives  an  increase  of  speed  suffi- 
cient to  make  it  move  for  the  next  interval  with 
the  velocity  represented  by  N  c.    At  the  termi- 
nation of  this  again,  it  will  be  set  to  move  over 
the  third  interval  with  a  velocity  m  d,  and  so  on, 
the  lines  B  o,  N  c,  M  d,  l  e,  f  k,  each  perpen- 
dicular to  A  G,  and  difFei-ing  each  from  the  one 
immediately  preceding  by  an  equal  amount.  The 
geometrician  will  readily  see  that  the  summits 
A,  o,  N,  M,  L,  K,  H  will  be  along  one  straight  line. 
Those  who  are  not  acquainted  with  geometry  may 
readily  convince  themselves  by  drawing  the  figure 
accurately.    Since,  then,  we  have  here  a  case  of 
motion  very  analogous  to  that  whose  laws  we  are 
seeking,  let  us  observe  the  results.    In  all  uni- 
form motion,  the  space  described  is  measured  by 
the  product  of  the  number  of  units  of  time  by  the 
number  of  units  of  speed.    If,  for  example,  a 
body  move  uniformly  for  nine  seconds,  with  a 
velocity  such  that  it  will  move  through  three  feet 
each  second,  it  will  have  moved  through  27  feet 
at  the  end  of  its  course.    Suppose,  then,  a  b  to 
be  the  number  of  seconds,  and  b  o  the  velocity, 
the  space  moved  through,  would  be  measured  by 
the  product  of  a  b  and  b  o.    But,  this  is  also 
the  measure  of  the  space  covered  by  a  rectangle 
described  with  these,  as  adjacent  sides.  Hence, 
the  number  expressing  the  area  of  the  rectangle 
may  be  taken  as  the  number  expressing  the  space 
of  motion.    Let  us  complete,  then,  the  rectangles 
Q  B,  p  c,  R  D,  8  E,  T  F,  X  0,  Y  G.    Then,  accord- 
ing to  this  law  of  uniform  motion,  the  spaces  de- 
scribed in  the  first,  second,  third,  &c.,  portions  of 
time  will  be  measured  by  the  numbers  expressing 
the  spaces  q  b,  p  c,  k  d,  s  e,  t  f,  x  g,  which 
together  make  up  a  h  g,  together  with  series  of 
small  triangles  a  q  o,  p  o  n,  &c.  Now,  the  geo- 
metrician will  again  see  that  q,  p,  r,  &c.,  lie  upon 
one  straight  line,  and  that  tliese  triangles  are  in 
consequence  less  when  put  together  than  the  one 
figure  a  Q  X II.  Hence,  the  space  described  would 
be  greater  than  the  space  a  h  g,  and  less  than 
this  in  addition  to  A  <j  x  n.    So  much,  then,  for 
this  case  of  motion.    It,  however,  is  not  exactly 
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the  motion  we  wish  to  know  about ;  but  if  we 
suppose  the  intervals  of  the  increasing  of  speed 
smaller,  we  should  have  a  closer  resemblance  to 
it.    If  the  intervals  were  smaller,  we  would  have 
a  figiu-e  similar  in  every  respect  to  the  one  given ; 
the  only  difference  being,  that  the  breadth  of 
A  Q  x  H  would  be  less.    If  we  go  on,  continually 
making  the  intervals  of  acceleration  smaller  and 
smaller,  we  should  approach  infinitely  near  the 
case  whose  laws  we  are  in  search  of.  The  results 
at  which  we  would  arrive  would  of  course  ap- 
proach the  result  in  that  case ;  and  if  we  imagine 
the  intervals  infinitely  small,  we  may  suppose 
ourselves  actually  to  have  arrived  at  a  uniformly 
accelerated  motion.    The  result  in  this  ultimate 
case  would  be,  that  the  space  described  would  be 
measured  by  something  between  a  H  G  and  A  h  g 
added  to  a  figure  analogous  to  A  Q  x  H.  We 
easily  see,  however,  that  this  figure  constantly 
diminishes  as  bo  diminishes,  and  that  it  again 
becomes  smaller  with  the  interval  A  b.  Hence, 
where  a  b  is  infinitely  small,  a  q  x  h  would  be- 
come infinitely  small  also,  and  the  space  could 
only  differ  by  an  infinitely  small  quantity  from 
A  G  H.  The  space  described  is  thus  measured  by 
A 11 G  virtually.    The  space,  therefore,  which 
is  described  by  a  body  moving  with  a  imiformly 
accelerated  motion,  from  an  initial  velocity  =  o, 
to  any  ultimate  velocity,  will  be  half  that  de- 
scribed in  the  same  time  by  a  body  moving  uni- 
formly with  the  velocity  to  which  it  attains.  The 
velocity  (represented  by  the  perpendiculars  b  o, 
N  c,  &c.,  at  the  points  indicating  the  time)  is 
evidently  proportional  to  the  time — that  is,  the 
velocity  acquired  at  the  end  of  four  seconds  will 
be  four  times  that  acquired  at  the  end  of  one 
second.    Finally,  the  space  described  in  the  time 
represented  by  a  d,  will  bear  to  that  described 
in  the  time  measured  by  A  G,  the  proportion  of 
AD^:  A  g'^.   This  is  evident  geometrically ;  but 
the  ordinary  reader  will  readily  comprehend  it. 
In  this  case  the  length  a  d  is  half  of  A  G,  and  the 
height  D  M  is  evident^  half  of  g  h,  so  that  the 
space  ADM  wiW  be  J  of  ^  of  a  g  h,  or  i  of  it. — 
The  method  of  the  differential  calculus  is  much 
more  simple,  and  produces  the  same  results.  We 
shall  not  enter  at  all  into  an  exposition  of  it,  but 
merely  give  the  steps.    The  velocity  of  any  body 
moving  irregularly  will  be  found  by  dividing  the 
infinitely  small  space  traversed  at  the  moment 
for  which  we  wish  to  Icnow  the  velocity,  by  the 
infinitely  small  time  in  which  it  is  described. 
Now,  in  uniformly  accelerated  motion,  this  velo- 
city will  bo  =  a-\-gt.,  where  a  is  the  velocity  at 
the  commencement,  if  any,  g  the  velocity  acquired 
in  each  second,  and  t  the  number  of  seconds  after 
the  commencement  at  which  we  note  the  motion. 

ds  rrf 
Hence  --  =  a  -j- gt .-.  S  =  at  -)-  ^  -["'^(^'^d 

if  we  commence  to  calculate  motion  from  the 
point  of  starting,  S  =  at  -j-  We  have  in- 
cluded in  these  latter  formula  a  case  which  ia 
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not  at  first  the  same  as  that  which  we  have 
hitherto  considered.    It  is  that  of  a  body  which 
commences  to  move  with  a  velocity  of  its  ovm, 
and  which  retains  that  velocity  according  to  the 
law  of  inertia.    In  this  case  we  have  simply  to 
consider  what  space  would  be  passed  through  by 
the  body  due  to  the  uniform  motion  which  this 
force  impresses  upon  it,  and  add  it  to  the  motion 
which  the  force  of  gravity  has  impressed  upon  it. 
—Retarding  forces  are  also  frequently  spoken 
of.    When  we  have  a  body  in  motion  against  a 
force  constantly  puUing  it  backward,  we  have  to 
consider  how  far  the  bod.y  would  move  fonyard 
in  consequence  of  the  motion  which  the  primitive 
force  has  impressed  on  it,  and  to  subtract  from  it 
the  effect  of  the  retardmg  force,  calculated  exactly 
as  above,  as  a  uniformly  accelerating  force  act- 
ing in  the  opposite  direction.  —  The  laws  of 
wiiformhj  accelerated  motion  are  so  simple,  that 
natural  philosophers  have  taken  it,  along  with 
uniform  motion,  as  the  two  standard  species  of 
motion.  Wherever  they  wish  to  examine  the  conse- 
quences of  any  complexlaw  of  motion,  they  consider 
that  motion  as  compounded,  for  an  instant,  of  one 
which  is  perfectly  uniform  depending  on  the  velo- 
city at  that  mstant,  and  of  one  uniformly  acceler- 
ated. The  details  of  the  process  of  decomposition 
of  motion  belong  to  the  higher  dynamics,  and  we 
shall  not  enter  into  them. 

Accelerating  Force  (technical).  That  force 
which  is  appUed  in  any  given  case  to  the  unit 
of  mass  is  called  the  accelerating  force.  _  Its 
value  depends  on  the  proportion  of  an  infinitely 
small  mcrement  of  the  velocity  of  any  moment, 
to  an  infinitely  small  mcrement  of  the  tune 

(~\  This  expression  is  quite  general,  and  ap- 
^dty  , 
plies  also  to  the  case  of  a  re+ardmg  force,  which 
is  considered  as  a  negative  accelerating  force,  and 
is  measured  by  the  proportion  of  the  increment 
of  the  velocity,  (which  in  this  case  becomes  nega- 
tive, mdicatmg  a  decrement),  to  the  increment  of 
the  time. 

Accidental  Colonrs.    See  Colours. 

Accidental  Point.  See  Vanishing  Point. 

Achromatic.  In  the  article  on  the  aben-a- 
tion  of  refrangibility,  we  have  indicated  that 
the  different  coloured  rays  of  which  white  light 
is  composed  are  differently  refrangible.  When, 
therefore,  light  dhect,  or  reflected,  passes  through 
media,  and  becomes  refracted  before  reaching 
the  eve,  the  rays  will  be  separated  one  from  the 
other',  and  the  image  of  the  object  become  con- 
fused. Achromatism  compensates  for  this,  by 
making  the  luminous  rays  pass  through  different 
diaphanous  substances,  possessmg  different  re- 
fracting and  dispersive  powei-s.  By  dispers  on 
we  metn-that  there  is  a  difference  between  the 
iWtea/r./rac/io«(2.^;.)ofthecomponentcolours 

of  a  rav  of  decomposed  light,  when  passing 
through -refracting  media.  The  ^^^^l^'^'lf^l 
of  any  substance  is  measured  by  the  quotient 
of  its  dbpersioa  by  the  mean  index  of  refiac- 
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tion  (which  depends  on  the  mean  light  of 
the  spectrum),  diminished  by  unity.  _  There  are 
substances  possessing  unequal  refractive  powers, 
with  equal  dispersive  powers.     The  accom- 
plishment of  the  aim  of  achromatism  was  long 
considered  impossible.    Newton  himself  thought 
that  refracted  hght  must  always  be  decom- 
posed.   Euler  pointed  out  that  in  the  human 
eye — which  is  only  an  optical  uistrument— this 
difficultv  was  m  fact  overcome— and  suggested 
the  poss'ibility  of  imitating  the  manner  in  which 
it  was  so.  Hall,  in  1733,  constructed  achromatic 
lenses,  but  did  not  publish  his  discover}'.  Dollond, 
however,  an-ived  at  the  same  discovery  in  1767, 
independently,  and  published  it.    He  combined 
flint  glass,  or  artificial  crystal,  in  the  arrangement 
of  his  lenses,  with  crown  glass,  or  good  ordinary 
window  glass;  and  he  found  that  by  a  suitable 
curvature,  given  to  his  object  glasses,  the  image 
of  an  object  might  be  seen  through  them  distinct 
and  colourless.  It  is  easy  to  calculate  what  relation 
ought  to  subsist  between  the  refracting  angles  of 
two  substances,  m  order  that,  when  used  together, 
they  may  neutralize  the  natural  dispersion  of  the 
various  coloured  rays.    Prisms,  which  transmit 
hght  without  colouring  it,  are  called  achromatic; 
and  lenses  are  so,  when  they  form  m  then-  foci 
colourless  images.   Achromatism  is,  however,  not 
by  any  means  complete.  It  has  become  sufficient, 
in  Art,  for  practical  piuTioses ;  but  it  is  still  danger- 
ous for  the  scientific  obser\'er  to  trust  impHcitly 
to  it.    The  proportion  of  the  partial  dispersions 
of  the  two  substances  used  is  not  constant  through 
all  their  extent ;  and  the  mdices  of  dispersion  vary 
from  one  colour  to  another  m  the  same  luminous 
ray.    The  nearest  approach  to  achromatic  per- 
fection, is  made,  when  we  employ  a  considerable 
number  of  prisms,  of  different  substances. 

Achronical  («,  not,  xp^^'t,  Denotes 
the  point  of  time  of  the  sun's  rising  or  setting; 
the  commencing,  or  termmating,  of  a  reckonmg 
of  time.  In  modem  astronomy  it  is  confined  to 
the  time  of  the  sun's  setting.  A  star,  therefore, 
is  said  to  rise  or  set  achronically,  when  it  rises  or 
sets,  at  the  moment  of  sunset.  The  word  used 
to  denote  the  moment  of  the  sun's  rising  is  cosmi- 
cal;  and  the  star  is  said  to  rise  or  set  cosmically, 
(^xiir/j.e(,  order,  harmony),  when  it  does  so  at  the 
moment  of  the  sun's  rising.  When,  again,  the 
exact  moments  of  the  rising  or  setting  of  the  star 
and  sun  are  not  identical,  though  nearly  the 
same,  the  star  is  said  to  rise  or  set  heliacally 
Qixio;,  the  smi). 

Acoustics, — the  physical  science  of  Sound. 
As  in  everj'  similar  case,  the  sensation  of  sound 
must  bo  separated  from  its  material  or  physical 
antecedent  or  cause.  These  two  phenomena, 
although  indissohibly  connected,  bear  no  resem- 
blance'"to  each  other :  a  sound,  as  we  generally 
understand  it,  has  no  more  likeness  to  the  mate- 
rial changes  tliat  necessarily  precede  the  sensa- 
tion, than  a  colour  has  to  the  vibrations  of  the 
ether  or  molecules  that  are  the  antecedents  of 
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every  sensation  connected  with  sight.  Now,  it 
is  with  these  material  antecedents  that  physical 
science  alone  concerns  itself.  The  fundamental 
proposition  of  Acoustics  is  tiiis, — every  sensation 
of  sound  is  preceded  by  the  vibrations  of  some 
external  material  body: — without  this,  as  an 
antecedent,  no  sound  is  ever  heard.  The  subject 
therefore  may  be  divided  into  three  chief  parts : 
— I.  A  study  of  the  general  relations  between 
the  vibrations  of  external  bodies  and  the  sounds 
which  we  hear  as  their  consequences.  II.  A  study 
of  the  mode  in  which  a  knowledge  or  sense  of 
such  vibration  is  conducted  to  the  human  ear. 
And,  III.  A  study  of  the  different  or  special 
kinds  of  vibration  which  are  effective  in  pro- 
ducing sounds.  We  shall  take  up  these  points 
in  their  order. 

1.  The  General  Eelations  between  Sounds 
AND  the  Vibrations  of  External  Bodies. 
1.  Let  us  first  endeavour  to  form  a  distinct 
idea  of  what  is  meant  by  the  vibration  of  an 
elastic  body, — an  object  that  may  be  accom- 
plished by  aid  of  a  very  simple  illustration. 

Suppose  a  piece  of  thin  elastic 
metal,  a  s — say  a  piece  of  the 
main-spring  of  a  wateh,  having 
one  end  fixed  at  a,  while  the 
other  at  s  is  free.  By  a  pres- 
sure of  the  finger  bend  the 
spring,  so  that  the  end  s  shall 
reach  the  position  e,  and  then 
by  removal  of  the  finger  set  it 
free.  The  spring  will  rebound 
toward  s,  but  it  will  not  attain 
rest  on  reaching  its  original  position,  a  s.  The 
velocity  attained  during  the  rebound  will  carry 
it  to  A  e',  corresponding  on  the  other  side  witli 
A  e.  From  this  new  position  it  will  return 
with  an  equal  rebound ;  and,  precisely  like  the 
pendulum,  it  would,  were  its  elasticity  perfect 
and  if  no  external  obstruction  existed,  oscillate 
or  vibrate  for  ever  between  these  opposite  posi- 
tions. ^  The  time  occupied  by  the  spring  between 
its  quitting  one  position  a  e,  and  again  return- 
ing to  it,  is  termed  the  period  of  one  oscillation 
or  vibration ;  and  it  has  been  shown  to  be  a  law, 
that  if  the  vibrations  are  small,  that  is,  if  e  is 
not  far  from  s,  this  period— (a//  other  things  re- 
maining the  same)— is  constant;  in  other  words, 
these  vibrations  are  isochronous.  Now,  what  we 
have  imagined  to  happen  in  the  case  of  this 
spring  virtually  occurs  whenever  any  elastic  body 
18  caused  to  vibrate,— be  that  body  a  solid  mass, 
a  stnng  in  a  state  of  tension,  or  an  elastic  fluid. 
W  hen  a  bell  tolls,  for  instance,  each  molecule  of 
it  13  passing  to  and  fro,  between  two  such  posi- 
tions as  e,  e';  and  the  important  law  holds  here 
also,  as  indeed  in  every  other  case,  that  under 
the  same  circumstances,  tlie  vibrations  are  iso- 
chronous—It will  be  convenient  that  we  observe 
also  in  this  place,  how  each  vibration  of  an  ex- 
ternal body,  be  it  what  it  may,  must  originate 
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or  create  an  undulation  in  the  surrounding  air, 
which  undulation  will  form  itself  into  a  wave, 
proceeding  outwards  on  all  sides  from  the  place 
of  tliat  primary  vibration.  Suppose,  for  instance, 
that  r  is  the  vibrating  molecule — that  is  to  sav, 
a  molecule  alternately  advancing  and  receding ; 
and  for  the  sake  of  simplicity,  let  us  lilcen  it  to 
a  piston,  moving  in  the  long  open  tube  tt', 
through  the  space  p  s,  and  again  backwards  to 
p.  (The  linear  dimensions  of  the  piston  must  bo 
considered  as  verj' small  in  relation  to  the  length 
of  the  tube.)  Had  the  air  within  the  tube  been 
rigid,  the  forward  motion  of  p  to  s  would  of 
course  have  merely  forced  a  corresponding  quan- 
tity of  that  air  out  of  the  tube  at  the  end  x.  But 
the  atmosphere  being  elastic  or  compressible,  the 
impulse  given  by  the  motion  of  p  will  compress, 
in  the  first  place,  that  portion  of  it  next  p.  Let 
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this  effect  be  supposed  to  have  reached  a,  when 
the  piston  stops  at  s ;— the  air  formerly  occupy- 
ing the  space  p  a  will  now  be  compressed  within 
the  smaller  space  s  a.  The  effect  of  the  action 
of  p  will  just  have  begun,  or  rather  be  on  the 
point  of  beginning,  at  the  vertical  layer  or  stra- 
tum A  T,  and  at  the  same  time  it  will  at  the 
same  moment  be  just  ceasing  at  the  vertical 
stratum  at  s — the  pressure  of  p  then  ceasing. 
The  molecules  in  the  vertical  strata  between  s 
and  A  will,  however,  be  subject  to  compression, 
and  in  consequence  to  motion;  and  near  the 
middle  of  that  line  they  will  be  subject  to  the 
greatest  compression,  and  therefore  to  the  greatest 
velocity.  Their  state  may  be  represented  to 
the  eye,  if  we  raise  ordinates  x  x',  y  y',  &c., 
representing  the  degrees  of  compression  at  x  y, 
Ac,  and  connect  their  extremities  by  a  curve. — 
Should  the  piston  remain  at  s,  the  force  accumu- 
lated by  compression  within  the  space  of  air  s  y, 
will  discharge  itself  on  the  next  layer  a  b,  and 
produce  there  a  state  of  things  exactly  resembling 
its  own,— in  other  words,  it  will  propagate  itself 
onwards,  giving  rise  to  a  new  or  second  undula- 
tion, which  in  its  turn  must  generate  a  third, 
more  advanced  still;  so  that  the  primary  dis- 
turbance, caused  by  the  advance  of  p,'  must 
result  in  the  creation  and  propagation  of  a  wave 
that  will  advance,  as  we  shall  see  hereafter,  with 
a  definite  velocity  on  all  sides  through  the  wholo 
atmosphere.  It  is  easy  to  see  that  during  the 
subsistence  of  the  process  now  described,  another 
— in  so  far  opposite  in  character — has  been 
occurring  on  the  other  side  of  the  piston  p.  At 
that  place  the  air  occupying  a  space  sensibly 
equal  to  s  A,  must  have  been  rarified  ;  and  at  the 
close  of  the  second  interval  this  portion  will 
return  to  rest,  while  the  portion  occupying  a'  b' 
will  come  to  bo  in  motion.  Aerial  pulses  will 
thus  be  produced  on  every  side.    Since  small 
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vibrations  are  isochronous,  the.se  pulses  or  waves 
must  also  be  isochronous,  and  of  a  length  deter- 
mined by  tlie  length  of  the  vibrations  of  the 
sonorous  body.  The  pulses  in  question  are  com- 
monly named  pulses  or  waves  of  sound. 

2.  Seeing,  tlien,  that  the  invariable  antecedent 
of  the  sensation  of  sound  is  a  body  in  a  state  of 
vibration,  communicating  waves  or  vibrations 
corresponding  to  its  own  to  the  atmosphere,  and 
thus  diffusing  its  effects,  we  easily  recognize  it  as 
the  general  problem  of  acoustics,  to  ascertain 
what  special  effects  belong  to  tlie  nature  of  the 
body  vibrating;  to  the  ene/rgy  or  force  with 
which  its  molecules  oscillate ;  and  to  the  rapidity 

of  these  oscillations  (a.)  As  to  the  influence  of 

the  nature  of  tlie  body  vibrating,  no  satisfactory 
physical  solution  has  yet  appeared.  Two  different 
musical  instruments,  communicating  to  the  air 
the  same  number  of  vibrations  in  the  same  time 
— each  vibration  being  of  equal  strength — do 
indeed  affect  us  with  sensations  very  different. 
Who  does  not  recognize  the  difference,  for  in- 
stance, between  a  note  of  a  flute  and  the  same 
note  of  equal  loudness  produced  by  the  violin  ? 
And  yet  iu  all  known  physical  attributes  the 
aerial  oscillations  originating  in  the  action  of 
these  instruments  correspond  to  a  nicety.  The 
full  solution  of  the  difficulty  may  depend  on 
physiology;  nevertheless,  there  must  be  some 
decisive  physical  cause  antecedent  to  the  differ- 
ence of  effect  on  the  sensorium. — (i.)  The  energy 
or  amplitude  of  the  primary  impulse  or  vibration, 
or  the  contrary,  exercises  an  influence  that  is 
intelligible  enough.  It  is  clear  that  this  ampli- 
tude has  nothing  to  do  with  rapidity: — the  main- 
spring of  our  first  illustration,  for  instance,  might 
Lave  been  made  to  deviate  much  farther  from 
AS  than  A  e  is,  in  which  case  the  sweep  or  ampli- 
tude of  its  oscillations  would  have  been  larger, 
although  their  number  in  a  given  time  would  not 
have  been  augmented.  Now,  on  this  amplitude, 
that  attribute  of  a  sound  which  we  term  its 
loudness,  depends.  A  note  of  a  chamber  organ 
differs,  in  this  respect  alone,  from  the  same  note 
rolled  out  in  York  Minster,  or  by  the  organ  in 
St.  Paul's. — (c.)  There  remains  the  question  as 
to  the  rapidity  of  vibration, — a  question  of  pro- 
foundest  interest,  one  concerning  which  physics 
can  do  but  a  part,  for  we  soon  enter  the  region  of 
phj'siological  psychology.  It  is  on  this  primary 
pliysical  element  that  the  characteristic  depends 
wliicli  induces  us  to  divide  sounds  into  grave  and 
acute.  The  Jirst  thing  that  strikes  one  when 
entering  on  this  curious  subject  is  the  immense 
compass  of  the  human  ear,  or  rather  of  our  sense 
of  hearing.  Savart's  experiments  demonstrate 
that  sounds  are  audible,  although  so  extremely 
grave,  that  tiiey  originate  in  vibrations,  seven  or 
eight  of  which  only,  occupy  a  second  of  time; 
while,  on  the  other  hand,  by  the  same  surprising 
faculty,  we  can  detect  the  acute  note  proceeding 
from  a  vibrating  body  giving  fortli  twenty-four 
thousand  waves  in  the  same  small  portion  of 
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time.  Despretz  has  recently  gone  much  farther, 
— he  thinks  we  can  detect  vibrations  so  rapid, 
that  no  fewer  than  36,850  are  executed  in  a 
second.  The  rapidity  of  vibrations  like  these 
is  indeed  infinitesimal,  if  compared  with  that  of  the 
undulations  whidi  seem  to  give  rise  to  the  pheno- 
mena of  vision.  At  the  same  time  the  compass  of 
the  eye  is  small  compared  with  that  of  the  ear : 
the  extremes  in  the  former  case  being  in  the  pro- 
portion of  458  to  727,  while  in  that  of  the  latter 
they  are,  to  take  the  most  unfavourable  state- 
ment, as  one  to  three  tliousand.  And  yet  who 
shall  say  that  our  human  ear  recognizes  all  pos- 
sible or  even  all  existing  sounds  ?  Multitudes 
innumerable  of  the  voices  of  this  unfathomed 
universe  may  pass  us,  never  to  be  heard ; — our 
portion  of  it,  in  so  far  as  sense  is  concerned,  is 
probably  that  of  the  creature  of  an  hour — not 
mu-ch  greater  than  what  belongs  to  the  Ephe- 
meron. — Passing,  however,  from  the  contempla- 
tion of  limits,  let  us  ask  next  whether  sounds 
produced  within  those  limits  are  susceptible  of 
satisfactory  classification,  or  can  be  supposed  to 
be  rationally  connected  with  each  other  ?  The 
reason  or  ground  of  the  classification  now  to  be 
explained  undoubtedlj'  belongs  to  the  necessities 
of  the  human  sensorium,  or  to  demands  made  by 
the  constitution  of  our  perceptive  faculty:  an 
analysis  of  those  grounds,  and  the  discussion  of 
their  finer  relations,  constitutes  the  Science  of 
Music.  The  physical  laws  or  characteristics  of 
the  subject  may  be  simply,  as  well  as  very 
briefly  explained. — (1.)  A  compass  of  \'ibrations, 
in  which  any  velocity  or  rapidity  is  taken  as  the 
starting  point,  and  which  includes  all  vibrations 
up  to  those  having  a  rapidity  double  that  of  this 
initial  or  fundamental  one,  is  called  an  octave. 
There  is  of  course  no  limit  to  the  number  of 
octaves,  ascending  and  descending,  except  the 
foregoing  limits  of  audibility.  But  their  con- 
struction, or  their  comparability,  in  the  musical 
language  of  different  nations  or  composers,  must 
evidently  depend  on  an  agreement  as  to  a  dia- 
pason or  fundamental  note.  Singularly  enough, 
this  has  not  hitherto  been  a  thoroughly  settled 
point.  Savart  found  that  the  fundamental  la 
springs  from  440  complete  vibrations  in  a  second ; 
but  we  find  that  the  actual  la's  of  the  grand 
opera  of  Paris,  of  the  Italian  theatre,  and  of  the 
theatre  of  Berlin,  originate  respectively  in  433, 
434,  and  441  vibrations.  Accurate  science  may 
thus  correct  and  aid  even  the  highest  ajsthetics, 
— Mundumregtintnumeri! — (2.)  All  sounds  issu- 
ing from  vibrations,  whose  rapidity  is  related 
according  to  the  natural  numbers  1,  2,  3,  4,  «Ji:c., 
are  termed  harmonic  sounds ;  in  other  words,  they 
may  be  sounded  together  inoffensively,  and  even 
pleasingly.  Savart  considers  that  he  discerned 
a  physical  reason  for  this.  When  a  cord  is  set 
in  vibration  it  appears  that,  besides  the  funda- 
mental sound,  all  the  sounds  corresponding  to 
these  numbers  are  audible  at  the  same  time; 
that  is  to  say,  mingling  Avith  the  full  vibration 
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of  the  cord,  there  are  separate  and  secondary 
vibrations  round  the  various  points  in  wliich  the 
cord  would  be  cut,  were  we  to  divide  it  into  two, 
three,  and  four  parts  successively.  The  figure 
below  will  illustrate  this  condition  of  complex 
vibration  for  the  ratios  1,  2,  and  3.— (3.)  The 


octave  Is  divided,  however,  into  other  intervals, 
.  and  these  divisions  constitute  what  is  termed  the 
I  gamut.    These  divisions  technically  are — 

ut,   re,  mi,   fa,    sol,   la,   si,  ut, 

— the  numbers  in  the  second  line  Indicating  the 
I  vibrations  of  each  note  that  occur  in  the  same 
1  time.    The  same  intervals  belong  to  every  octave 

— rrferring  them  to  the  primary  ut;  that  is  to 
■  say,  if  the  primary  ut  of  an  octave  be  4  instead 

of  1,  each  of  the  foregoing  numbers  or  ratios 
:  must  be  multiplied  by  4.  There  is  another 
.  gamut  used  in  music  for  special  objects — called 

the  minor  gamut ;  its  intervals  are — 

ut,  re,  mi  b.  fa,  sol,  la  b,  si  b,  ut, 

19. «  438  OO 

■^1       81         Si         Si       til        51  ^) 

'  Airs  written  in  gamut  minor,  are  sad  and  de- 
pressed, and  are  easily  distinguished  from  music 
belonging  to  gamut  major. — Why  the  ear  will 


Experiments  of  this  kind  require  much  care, 
in  order  that  they  succeed.  Savart  suspended 
the  plate  lightly  by  a  clasp  of  wood  at  one  of  its 
edges ;  and  he  caused  it  to  vibrate,  not  by  striking 
if,  but  by  bringing  quite  near  it  another  body 
already  in  definite  and  known  vibration.  The 
Bame  process  may  be  applied  to  a  bell  or  glass. 
Nearly  fill  a  glass  with  mercury  or  water ;  set 
it  then  in  vibration,  and  the  surface  of  the  mer- 
cury or  water  will  indicate  nodal  lines,  as  well 
as  the  character  symmetrical  or  otherwise,  of 
the  waves  of  sound.    At  present,  of  course,  we 
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recognize  no  sounds  produced  by  other  sets  of 
vibrations,  as  musical,  the  Science  of  Acoustics 
cannot  explain,  nor  does  it  attempt  it.  Its  con- 
cern is  not  witli  the  subjective  infiuences  of  vibra- 
tions, but  with  the  material  antecedents  of  these 
remarkable  issues. 

3.  Phenomena  so  singular,  depending  on  the 
number  of  the  oscillations  executed  by  the  mole- 
cules of  a  vibrating  body  in  a  given  time,  it  is 
clearly  of  much  consequence  that  these  velocities 
become  susceptible  of  exact  measurement.  And 
v.-e  shall  soon  discern  that  other  problems,  also  of 
great  importance,  depend  for  their  solution  on  our 
minute  acquaintance  with  the  character  of  such 
vibrations.  Fortunately,  modern  experimental 
science  has  furnished  many  delicate  expedients 
by  whose  aid  even  changes  thus  evanescent,  are 
rendered  palpable  alike  to  eye  and  ear,  and  so 
thoroughly  fixed,  that  they  can  be  subjected  to 
a  rigorous  evaluation.  We  shall  describe  a  few 
of  these  ingenious  and  effective  procedures.— 
Perhaps  the  most  interesting,  and  that  which 
promises  the  most  varied  results,  is  the  method 
originating  with  Chladni,  and  extensively  em- 
ployed by  Savart,  while  investigating  the  vibra- 
tions of  plates  or  rods.  While  such  are  vibrating, 
motion  seems  very  unequally  distributed  among 
their  particles.  Strewing  fine  sand  over  the 
vibrating  surface,  Savart  found  that  it  accumu- 
lated over  spots  and  lines,  which  he  termed 
nodal  spots  and  lines, — it  being  clear  that  there 
could  be  no  vibration  there.  The  following 
diagrams  show  these  lines  of  repose,  as  mani- 
fested under  varying  circumstances : — 


merely  indicate  the  means  of  ascertaining  the 
existence  and  distribution  of  such  nodal  lines. — 
In  the  second  place,  a  method  has  to  be  men- 
tioned, recently  proposed  by  M.  Lissajoux — the 
exhibition  of  the  curious  and  rather  brilliant 
results  of  which  has  recently  attracted  much 
notice  in  Paris.  It  is  at  once  simple  and  inge- 
nious. Suppose  a  mirror  attached  to  one  of  the 
prongs  of  a  common  tuning  fork,  and  that  a  ray 
of  light  is  made  to  fall  sompwhat  obliquely  on 
that  mirror,  it  is  clear  that  the  direction  of  the 
reflected  ray  will  alter  with  every  vibration  of 
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the  fork,  should  it  be  made  to  vibrate.  If  now 
this  reflected  ray  be  made  to  strike  on  a  screen, 
the  vibrations  of  the  fork  will  become  visible  in 
the  rapid  motions  of  a  point  of  light  upon  that 
screen.  By  aid  of  this  very  simple  contrivance, 
M.  Lissajoux  has  been  able  to  render  the  vibra- 
tory movement  of  solid  bodies  distinctly  visible ; 
to  manifest  the  optical  composition  of  vibratory 
motions  taking  place  in  the  same  direction;  to 
compound  two  vibrator^'  motions  at  right  angles 
to  each  other;  to  manifest  the  accordance  of 
two  diapasons  separated  by  any  musical  inter- 
val whatsoever ;  and  to  offer  the  easy  means  of 
fixing  on  a  constant  or  invariable  fundamental 
sound.  The  applications  of  this  method  are 
indeed  most  numerous :  its  radical  fault  is,  that 
it  does  not  provide  or  leave  any  abiding  trace  of 
its  indications. — The  third  class  of  instruments 
to  which  we  shall  refer  are  of  a  different,  and,  in 
.so  far  as  the  attainment  of  their  object  is  con- 
cerned, of  a  yet  more  perfect  kind.  That  object 
is  to  measure  the  exact  number  of  %'ibrations 
taking  place  in  a  second,  that  are  required  for  the 
production  of  the  various  musical  sounds.  First, 
we  have  the  vihroscope  of  Marloye,—  the  rudest, 
perhaps,  of  all.  But  it  acts  simply; — it  consists 
in  arrangements  which  permit  a  point  at  the 
end  of  a  vibrating  rod  to  impress  marks  on  a 
rotating  cylinder,  whose  surface  is  coated  with 
lamp-blaclc.  iSecondly,  we  have  Savart's  plan 
by  toothed  wheels.  He  impresses  what  vibra- 
tions he  pleases  on  a  thin  plate,  by  causing  it  to 
be  struck  by  the  teeth  of  a  wheel  moving  at  any 
given  velocity.  The  number  of  strokes  per 
second  is  the  measure  of  the  vibrations,  whose 
sounds  or  notes  are  heard.  Last,  and  unques- 
tionably the  most  perfect  of  all,  is  the  Sirene  of 
Cagniard  la  Tour.  This  ?xquisite  instrument 
is  described  under  article  SiniiN,  q,  v. 

II.  The  Propagation  of  Sound. 
The  previous  section  has  merely  established 
certain  very  general  principles,  as  the  foundation 
of  the  Science  of  Sound.  The  first  special  ques- 
tion that  occurs  is  probably  this, — With  what 
comparative  velocities  are  these  waves  of  sound 
propagated  through  space  by  the  different  vibrat- 
ing substances?  For  instance,  take  a  rod  of 
iron  of  100  feet  in  length,  and  a  tube  of  the  same 
length,  filled  with  air;  communicate  to  the  end 
of  each  the  same  vibration,  or,  what  is  the  same 
thing,  let  the  ends  of  botii  be  in  contact,  when  a 
vibrating  motion  is  communicated  to  either, — 
by  which  of  the  two  will  that  vibration  be  first 
conveyed  to  its  other  extremity;  what  will  be 
the  difference  of  time,  and  on  what  physical  ele- 
ment does  that  difference  depend  ?  It  is  unques- 
tionable that  every  vibrating  body  in  contact 
with  another  must  communicate  to  it  a  s^'stem 
of  waves  isochronoiLS  with  its  own ;  but  tlie  velo- 
city of  the  advancement  of  these  waves  tiirough 
space,  must  depend  on  some  physical  character  of 
the  body  to  which  the  vibration  is  communicated. 
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— Let  us  briefly  look  at  this  important  subject, 
as-  it  is  presented  by  Experiment  and  by  Theory. 
(1.)  The  atmosphere  being  the  main  agent  in  the 
propagation  or  diffusion  of  all  sounds  with  which 
we  generally  come  into  contact,  the  velocity  with 
which  they  pass  through  it,  became  quite  early  a 
matter  of  anxious  investigation.  The  important 
fact  Avas  soon  discovered  that,  speaking  generally, 
sounds  of  all  notes,  grave  or  acute,  pass  through 
strata  of  air  with  sensibly  equal  speed :  the 
degree  of  completeness  with  which  they  are  trans- 
mitted varies  with  the  variation  of  ordinary  cir- 
cumstances, but  not — sensibly  at  least — the  speed 
of  transmission.  Probably  the  most  exact  defi- 
nite determination  of  this  velocitj',  as  yet  effected, 
is  owing  to  the  experiments  made  between  Mont- 
chery  and  Villejuif,  in  1822,  under  care  of  the 
Bureau  des  Longitudes,  at  Paris.  Good  experi- 
ments of  the  same  sort  have  been  repeated  by 
Moll  of  Utrecht ;  and  the  result  is,  that  through 
a  bed  of  air  of  the  temperature  of  32°  Fahrenheit 
— air  of  course  virtuallj'  dry — a  wave  of  sound 
travels  at  the  rate  of  1090'2  feet  in  one  second 
of  time.  Now  that  telegraphic  communication 
is  so  exact  and  extended,  experiments  of  this 
description  might  be  repeated  under  very  favour- 
able circumstances.  The  velocity  of  propagation 
varies  even  in  the  case  of  different  elastic  fluids 
or  gases.  The  following  numbers  may  be  de- 
pended on  within  small  limits  of  error: — In  the 
vapour  of  alcohol,  the  velocity  of  propagation  is 
43 0-8  feet  per  second ;  for  the  vapour  of  fluoride 
of  silicium,  we  have  555 ;  vapour  of  sulphuric 
ether,  590"1 ;  vapour  of  chlorohydric  ether,  656-2 ; 
sulphurous  acid  gas,  697'5;  cyanogen,  757"6; 
protoxide  of  azot,  845"6 ;  carbonic  acid  gas, 
846-6;  sulphohydric  acid,  953;  olefiant  gas, 
1051;  bioxide  of  azot,  1071-7;  air,  1090,  &c., 
&c.  These  velocities  become  still  more  varied 
when  we  scrutinize  corresponding  phenomena  in 
the  case  of  liquids  and  metals  or  rocks.  Accord- 
ing to  Collodon  and  Sturm,  sound  is  propagated 
through  water  four  and  a-half  times  more  rapidly 
than  through  air;  and  M.  Masson  has  recently 
informed  us  that  the  transmitting  quality  of  the 
different  metals  is  represented  by  tlie  following 
numbers, — the  velocity  in  air,  or  1090-2  feet  per 
second,  being  taken  as  unity :— pure  lead,  3-976 ; 
pure  gold,  6-27;  cadmium,  7-55;  silver,  7-96; 
platina,  841;  palladium,  9-81:  zinc,  11-14; 
copper,  11-52;  cobalt,  14-25;  steel,  14-88; 
nickel,  14-98;  iron,  15-11;  aluminium,  15*375. 
The  phenomena  involved  in  these  varying  velo- 
cities of  the  transmission  of  the  w-aves  of  sound 
are  illustrated  on  the  grandest  scale  on  the  occur- 
rence of  a  submarine  shock,  giving  rise  to  an 
earthquake.  First  of  all,  the  wave  of  sound 
propagated  through  tlie  solid  rocks  reaches  and 
terrifies  tiie  dwellers  on  the  neighbouring  shores 
of  the  ocean ;  after  an  interval,  a  sound  reaches 
them  tln-ough  the  sea,  along  with  its  terrible 
waves;  and  :  t  the  close  of  the  convulsion  the 
agitated  atmosphere  bears  its  evidence  of  the  vio- 
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lencethat  has  occurred.— (2.)  Turning  to  Theory 
in  quest  of  a  satisfactor}',  or  at  least  a  probable 
explanation  of  such  vaiieties,  we  meet  with  a 
few  formula;,  which — regarded  merely  as  general 
theorems — are  of  very  great  importance,  and 
nearly  circumscribe  the  subject. — (a.)  In  the 
case  of  solid  bodies,  Laplace  long  ago  established 
the  formula — 


where  y,  the  velocity  of  sound,  g,  the  intensity  of 
gra^nt}-,  and  e,  the  elongation  undergone  by  a 
wire  or  rod  of  the  solid  a  melre  in  length,  when 
stretched  by  a  weight  equal  to  its  own  weight. 
The  Mechanical  Theory  of  Heat  establishes  ano- 
ther form  of  the  relation,  viz. : — 


.'77_c 
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wherej  is  the  mechanical  equivalent  of  heat,  d, 
the  coefficient  of  linear  dilatation,  and  c,  the 
specific  heat  of  the  body. — (6.)  In  the  case  of 
fluids,  whether  they  be  liquids  or  gases,  suppos- 
ing that  the  temperature  of  each  particle  remains 
the  same  during  the  transmission  of  sound — we 
have — ■ 


where  P  is  the  pressure  and  V  the  volume.  This 
is  the  formula  reached  by  Newton  :  but  it  gave  a 
velocity  smaller  than  the  actual  velocity  by  one- 
sixth  of  the  latter.  Laplace  detected  the  error, 
and  corrected  the  formula.    It  is  this — 

h  being  the  ratio  -g— »  or  that  of  specific  heat 

at  constant  pressure  and  specific  heat  at  constant 
volume.  The  action  of  heat  during  the  propa- 
gation of  the  pulse  or  wave  is  the  cause  of  the 
difference, — necessitating  the  introduction  of  the 
ratio  h.  Laplace  concluded  that  the  formula 
applied  to  gases  only;  it  is  appliable,  however, 
to  all  fluids. — It  is  singular  enough,  while  La- 
place's investigations  all  rest  on  the  old  static 
doctrine  of  caloric,  that  notwithstanding  the  ad- 
mitted incapacity  of  that  doctrine,  their  results 
exactly  correspond  with  consequences  flowing 
from  the  modern  Vortical  Theory.  (See  Art. 
Heat,  §  17.)  A  sufficiently  striking  ilhistra- 
tion  of  the  caution  which  should  precede  our 
acceptance  of  physical  hypotheses,  on  the  mere 
ground  that  certain  of  their  results  correspond 
with  actual  phenomena. 
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III.  The  Nature  and  Effects  of  Speoul 
Descriptions  of  Vibuations. 

We  shall  now  treat  briefly  of  the  different 
kinds  of  vibrations,  and  refer  subsequently  to 
certain  peculiar  modes  of  producing  vibrations 
and  musical  sounds. 

I.  1  he  known  lunds  of  vibration  are  three, — 
transverse  vibrations,  longitudinal  vibrations, 
and  vibrations  originating  in  the  torsion  or  twist- 
ing of  a  rod. 

I.  The  best  and  most  palpable  illustration  of 
transversal  vibrations  is  the  case  of  a  stretched 
cord,  like  the  string  of  a  violin,  a  piano,  or  a 
harp.  If  the  string,  when  in  tension,  is  pulled 
sideways  out  of  its  place,  it  instantly  starts  back, 
through  effect  of  its  elasticity,  and  a  vibration 
commences  in  a  transversal  direction,  or  in  a 
direction  perpendicular  to  the  length  of  the  string. 
Any  elastic  body  may  be  made  to  vibrate  in  this 
manner.  The  tuning-fork  vibrates  transverselj', 
and  so  do  those  plates  whose  nodal  lines  have 
already  been  referred  to.  The  vibrations  of  a  bell 
are  transversal  likewise. — (n.)  The  theory  of 
such  vibrations,  in  the  case  of  musical  cords — 
which,  indeed,  forms  the  whole  physical  theory 
of  a  large  class  of  musical  instruments — may  be 
said  to  be  complete.  One  part  of  it  is  summed 
up  in  the  following  theorem: — "  The  number  of 
the  vibrations  of  a  stretched  cord  in  a  given  time 
is  proportional ;  1st,  inversely  to  the  length  of  the 
cord;  '2d,  inversely  to  its  diameter]  3d,  inversely 
to  the  square  root  (f  the  tension ;  4th,  inversely 
to  the  square  root  of  the  density."  If  diameter, 
tension,  and  density,  remain  the  same,  the  num- 
ber of  vibrations  will  be  inversely  as  the  length 
of  the  cord.  It  is  easy  to  find  from  this  theorem 
the  precise  character  of  the  cords  that  will  yield 
the  various  musical  notes ;  but  as  tension  plays 
so  large  a  part  in  conferring  this  quality,  the 
adjustment  of  the  cord  is  usually  entrusted  to 
the  hand  and  the  ear.  During  the  vibration 
of  a  cord,  another  very  singular  phenomenon  is 
manifested,  which  greatly  increases  the  richness 
of  the  sound  issuing  from  it.  The  cord  sends 
out  not  only  its  fundamental  note,  but  the  whole 
or  many  of  its  harmonics,  along  with  it.  An  ex- 
periment, imagined  Ly  Sauveur,  furnishes  the 
solution  of  the  puzzle.  At  a  point  in  a  musical 
string — say  one-third  of  its  length  from  one  end 
— place  the  moveable  stop,  and  press  the  string 
down  upon  it  very  gently  with  the  finger.  By  a 
stroke  of  the  bow  set  the  third-part  into  vibra- 
tion ;  it  will  be  found  that  the  other  part  of  the 
string  vibrates  also — not  as  a  whole,  but  as  con- 
sisting of  two  parts,  and  exactly  as  if  by  anotlier 
moveable  stop  the  whole  string  had  been  subdi- 
vided into  three  parts.  Withdraw  the  stop,  and 
to  these  three  partial  vibrations  a  vibration  of 
the  whole  string  will  be  superadded.  Sauveur 
concludes  that  a  musical  cord  does  not,  when 
struck,  merely  vibrate  along  its  entire  length,  but 
that  each  of  its  halves,  each  of  its  third-parts, 
each  of  its  fourths,  vibrates  also ;  and  that  thcre- 
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fore  the  fundamental  note  is  necessarily  accom- 
panied by  its  harmonics  (b.)  Of  the  transversal 

vibrations  of  plates  little  Ls  known,  save  the 
existence  of  those  nodal  lines.  No  satisfactory 
theory  has  been  offered  in  account  of  them.  We 
may  probably  soon  learn  interesting  facts  from 
the  process  of  M.  Lissajoux.  Savart  employed 
these  vibrations  in  investigations  concerning  the 
structure  of  various  bodies,  such  as  pieces  of 
•wood,  crystals,  &c.  It  is  clear  that  variations 
or  irregularities  of  elasticity  may  thus  be  easily 
detected. 

_  2.  I^ngifndinal  vihrdilom  are  executed  in  the 
direction  of  the  length  of  the  vibrating  body, 
Tlie  molecules  of  cords,  rods,  &c.,  maj-,  by  due 
precautions,  be  made  to  vibrate  in  this  way,  and 
to  produce  sound.    M.  Marloye  has  even  con- 
structed a  musical  instrument  on  this  principle, 
in  which  twenty  rods  so  vibrating,  give  out 
separate  notes.  'But  the  chief  and,  indeed,  onlv 
important  illustration  of  it,  is  the  case  of  wind 
Instruments,  in  which  columns  of  air,  enclosed  in 
tubes,  \'ibrate  and  produce  rich  musical  sounds. 
It  is  the  longitudinal  vibration  of  the  air  within 
the  tube  of  the  flute  or  the  pipe  of  the  organ, 
that  evolves  their  sweet  and  imposing  harmonies. 
The  phenomena  of  these  vibrations  were  satisfac- 
torily investigated  long  ago  by  Daniel  Bernouilli. 
We  have  no  space  for  the  interesting  analysis  of 
this  eminent  geometer,  and  must  be  satisfied  with 
a  simple  enunciation  of  the  laws  he  discovered. 
They  are  six  in  nnmh^v:— First.  All  cylindrical 
or  prismatic  tubes  of  the  same  length  give  out  the 
same  notes,  if  (all  being  open  or  all  closed  at  the 
end  opposite  the  end  where  the  impulse  is  com- 
municated) their  length  is  ten  or  twelve  times 
their  diameter,  and  the  material  of  which  they 
are  made  is  sensibly  rigid.    Tho  qiialiti/  of  the 
sound  and  its  intensity  vary  sligiitly  with  the 
nature  of  the  substance  of  the  tube. — Secondly. 
If  a  closed  sonorous  tube  is  made  to  sound  b}- 
being  blown  into  with  greater  or  less  force,  it 
will  give  out  different  notes;  and  if  its  funda- 
mental note,  or  the  gravest  note  it  can  give,  be 
represented  by  unity,  the  other  notes  will  rigor- 
ously and  undeviatingly  follow  the  series  of  odd 
numbers,  3,  5,  7,  &c. — Thirdly.  An  open  tube 
will  also  give  out  different  sounds,  according  to 
the  force  with  which  one  blows  into  it ;  but  these 
notes  are  represented  by  1  (the  fundamental 
note),  and  the  entire  series  of  natural  numbers, 

2,  3,  4,  &c. — Fourthly.  The  fundamental  note  of 
a  closed  tube,  and  that  of  an  open  one  of  the 
same  length,  are  always  in  octave.  The  note  of 
the  closed  tube  being  the  grave  one  (1),  and  the 
note  of  the  open  tube  the  acute  one  (2). — Fijlhly. 
When  an  open  tube  gives  the  sound  2,  one  ma}' 
effect  an  o|)ening  in  its  middle,  and  even  take 
away  half  of  it,  without  its  note  experiencing 
any  change :  so  likewise  if  it  gives  the  note 

3,  openings  may  be  made,  dividing  the  tube 
into  three  parts.  These  phenomena  forcibly 
recall  Sauveur's  experimeats  on  the  division  of 
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vibrating  cor d£.— Sixthly.  Between  each  of  the 
portions  into  which  a  sonorous  tube  mav  be 
divided  without  change  of  note,  there  is  a' thin 
motionless  slice  or  stratum  of  air— called  a  node 
of  vibration.  The  existence  of  these  nodal  strata 
can  be  easily  proved.  For  instance,  within  a 
shut  tube  that  gives  out  the  second  note,  a  pis- 
ton may  be  placed  at  the  first  third  of  its  length, 
without  at  all  altering  the  note.  But  were  the 
piston  placed  anjTvhere  else,  the  note  would  not 
remain  unchanged. — Such  the  leading  pheno- 
mena of  musical  wind  instruments. 

3.  Vibrations  of  torsion  are  probablv  often 
produced,  but  they  have  not  been  turned  to 
use.  It  is  needful  to  recognize  them,  however, 
as  a  phenomenon  in  molecular  physics.  Their 
existence  and  musical  effect  may  be  manifested 
as  follows : — Fix  a  cylindrical  rod  at  one  end, 
hold  it  in  the  hand  at  some  other  point,  and  rub 
it  gently  with  a  bow  in  a  direction  perpendicular 
to  its  axis.  The  contact  of  the  hand  prevents 
all  transverse  vibrations,  so  that  the  friction  of 
the  bow  must  cause  a  torsion,  giving  rise  to  syn- 
chronous vibrations  perpendicular  to  its  length. 
The  sound  produced  is  much  graver  than  what 
would  be  due  to  any  longitudinal  vibration ;  so 
that  I  being  neither  transverse  nor  longitudinal, 
the  molecular  oscillation  produced  must  be  circu- 
lar, or  due  to  torsion. 

Although  the  modes  of  vibration  now  described 
are  quite  separate  and  distinct,  it  is  not  probable 
that  any  actual  body  ever  vibrates  purely 
according  to  one  single  mode.  They  who  are 
conversant  with  the  more  modern  progress  of  the 
Undulatory  Theory  of  Light,  will  recollect  how 
much  of  the  completeness  of  that  theory  is  now 
owing  to  the  recognition  of  the  co-existence  of 
dilferent  kinds  of  vibrations.  A  phenomenon  that 
sorely  puzzled  Savart,  viz.,  the  existence  of  inex- 
plicable nodal  lines  in  bare,  apparently  ^ibrat- 
ing  only  longitudinally,  has  just  been  traced 
by  M.  Terquem  to  the  co-existence  of  transversal 
vibrations.  It  is  the  most  diflicult  duty  of  the 
artist  who  constructs  musical  instruments  to  pro- 
vide against  such  interferences ;  but  the  task  is 
lightened  by  the  tendencj'  of  all  neighbouring 
vibrating  movements  (especially  if  some  one  of 
them  is  greatly  superior  in  intensity)  to  tlirow 
themselves  into  harmony. 

II.  As  a  close  to  this  article,  we  shall  refer 
briefly  to  two  peculiar  classes  of  phenomena — 
recently  attracting  considerable  notice — by  which 
musical  sounds  are  produced. 

1.  The  fact  that  on  the  contact  of  bodies  of 
different  temperatures  musical  tones  are  evolved, 
seems  to  have  been  noticed  by  Schwartz  so  long 
as  1805,  and  afterwards,  in  the  sa.me  year,  by 
Professor  Gilbert  of  Berlin;  but  the  subject  did 
not  receive  continued  or  systematic  attention 
until  the  year  1829.  In  that  year  Jlr.  Arthur 
Trevelyan  happened  to  be  engaged,  in  the  course 
of  some  inquiries,  in  spreading  pitch  with  a  hot 
trowel,  or  plastering  iron.  The  iron  being  too  hot, 
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he  laid  it  slantingly  against  a  block  of  lead,  when, 
to  his  great  surprise,  it  emitted  a  shrill  note,  com- 
pared by  him  to  thechanterof  thesmallNorthum- 
brian  pipes.    Inspecting  the  iron  narrowly,  he 
found  it  in  a  state  of  rapid  vibration.    It  was 
early  established  by  Trevelyan.  Reid,  and  other 
experimenters,  that  almost  any  of  the  metals 
will  produce  musical  vibrations,  if  a  bar  of  it  be 
laid  upon  a  block  of  lead  or  tin— the  bar  being 
heated,  and  the  block  cold ;  or  if  a  cold  bar  of 
lead  or  tin  be  laid  upon  a  hot  block  of  these 
metals.    The  explanation,  however,  was  not  so 
easy,  and  remained  until  recently  a  matter  of 
doubt.    Professor  Forbes  of  Edinburgh,  ever 
•  awake  to  new  discoveries,  gave  the  whole  subject 
■  an  elaborate,  although  not  an  exhaustive  exami- 
nation ;  and  on  the  ground  of  what  he  considered 
a  number  of  general  laws,  he  felt  obliged  to 
refer  the  curious  phenomena  to  "  a  new  species 
of  mechanical  agency  in  heat."    There  is  no 
need,  however,  of  any  new  species  of  agency. 
Sir  John  Leslie  very  early  suggested  the  true 
and  simple  explanation.    Faradaj'  afterwards 
confirmed  it;  and  in  1854  Dr.  Tj-ndall,  with  the 
sagacity  that  so  largely  belongs  to  hira,  con- 
ducted a  series  of  researches  that  leave  nothing 
further  to  be  accomplished.    It  is  clear  that 
when  the  hot  body  first  touches  the  cold  one,  the 
cold  mass  will  expand,  and  throw  off  the  hot 
mass ;  the  latter  will  then  descend  or  fall  back : 
the  process  must  immodiatel}'  be  repeated ;  and  a 
succession  of  taps  will  ensue,  rapid  and  powerful 
enough  to  evolve  musical  sounds.    The  superior 
eflScacy  of  lead  or  tin  in  this  case,  was  ascribed 
by  Faraday  to  its  great  expansibility,  combined 
with  its  feeble  power  of  conduction.    If  the  ex- 
planation be  correct,  the  phenomenon  must  be 
an  unlimited  one— certainly  not  confined  within 
the  limits  of  Professor  Forbes's  laws.    His  first 
law  was  this  —  "  These  vibrations  never  occur 
between  substances  of  the  same  nature."  But 
pr.  Tyndall  has  shown  that  iron  will  vibrate  on 
iron,  copper  on  copper,  brass  on  brass,  silver  on 
silver,  tin  on  tin,  &c.,  &c.    Again,  Professor 
Forbes  asserted  that  "  both  substances  must  be 
metallic :"— Dr.  TjTidall  proves  that  the  produc- 
tion of  the  tones  depends  not  on  the  substance  of 
the  rocker,  but,  as  Faraday's  view  would  lead  us 
to  expect,  on  its  powers  of  conduction.  Fo'- 
instance,  silver,  copper,  and  brass,  placed  on  the 
natural  edge  of  prisms  of  rock  crvstal,  fluor  spar, 
or  rock  salt,  gave  clear,  and,  in  some  cases,  very 
precise  tones.    No  fewer  than  twenty  non-metal- 
lic substances  were  examined  by  Professor  Tvn- 
dall,  and  distinct  vibrations  alwavs  obtained. 
Lastly,  Forbes  asserts  that  "  The  vibrations  take 
place  with  an  intensity  proportional  (within  cer- 
tain limits)  to  the.  different  conducting  powers  of 
the  metals  for  heat,~lhe  metal  having  the  least 
conducting  power  being  necessarily  the  coldest:' 
The  overthrow  of  the  first  law  carries  with  it  the 
overthrow  of  tiiis  one ;  for  between  two  pieces  of 
the  same  metal  there  can  be  no  difference  of  con- 
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ducfive  power;  but  Tyndall  further  shows  that 
it  is  incorrect  in  every  particular.  The  theory 
of  Leslie  and  Faraday  therefore  stands. 

2.  The  other  class  of  sounds  are  produced 
by  tliose  curious  singing  tubes.  It  has  long 
been  known  that  if  an  open  tube  of  some  length 
be  so  held  over  a  jet  of  burning  hydrogen  that 
the  flame  shall  jnst  be  within  the  tube,  a  musical 
note  is  produced,  or  the  tube  begins  to  sing. 
Various  explanations  were  early  proposed ;  but 
here  also  Faraday  first  reached  the  truth.  He 
refers  the  sounds  to  successive  explosions  pro- 
duced by  the  periodic  combination  of  the  atmo- 
spheric oxygen  with  the  issuing  jet  of  hydrogen 
gas.  Dr.  Tyndall  has  again  brought  his  origi- 
nality and  exactness  to  confirm  and  illustrate  this 
explanation.  He  has  shown  further,  the  de- 
pendence of  the  pitch  of  the  note  produced, 
on  the  size  of  the  flame.  The  note  given  out 
is,  indeed,  the  fundamental  note  of  the  tube,  or 
rather  one  somewhat  higher,  in  consequence  of 
the  increased  temperature  of  the  vibrating  air; 
but  the  size  of  the  flame  must  be  such  as  to  enable 
it  to  explode  in  unison  either  with  the  funda- 
mental pulses  of  the  tube,  or  with  the  pulses 
of  its  harmonic  divisions.  The  remarkable  part 
of  his  paper,  however,  is  its  way  of  manifesting 
the  keen  sympathy  between  these  flames  and  the 
human  voice,  or  any  neighbouring  musical  instru- 
ment sounding  the  requisite  note.  "  I  placed," 
says  Professor  Tyndall  "  a  sirene  near  the  flame. 
The  latter  was  burning  tranquilly  within  its 
tube.  Ascending  gradually  from  the  lowest  notes 
of  the  instrument,  at  the  moment  when  the  sound 
of  the  sirene  reached  the  pitch  of  the  tube  which 
surrounded  the  gas  flame,  the  latter  suddenly 
stretched  itself,  and  commenced  its  song,  which 
continued  indefinitely  after  the  sirene  had  ceased 
to  sound." — Tiie  facts  have  also  been  noticed 
by  M.  Schafl'gotsch.  See  also  articles  Ear, 
Echo,  Harmonics,  Heariug,  Siren,  Sound, 
Tartinis  Beats,  &c. 

Actinism.  The  remarkable  phenomena 
brought  out  by  photography,  have  shown  the 
existence  of  solar  influence  due  neither  to  the 
Rays  wiiich  produce  Heat  nor  those  which  pro- 
duce Light.  This  third  class  of  Ravs  has 
been  named  the  Actinic  Ra^'s ;  and  the  force  in 
question  Actinism,  or  Ray-power.  The  relation 
of  the  Actinic,  to  the  other  Rays,  in  the  spec- 
inm,  or  as  they  are  separable  by  virtue  of  their 
diflcrent  refrangibilities,  is  exhibited  by  the  dia- 
gram in  next  page,  taken  from  Hunt's  Treatise 
on  Photography. 

From  a  to  B  in  the  diagram  is  the  Newtonian 
spectrum ;  recent  discoveries  extend  the  coloured 
spectrum,  as  distinctly  visible,  much  farther.  The 
curves,  c,  d,  and  e,  represent  the  relations  of  the 
forces  of  Heat,  Light,  and  Actinism.  The  Actinic 
or  chemical  rays,  are  at  their  maximum,  in  that 
part  of  the  spectrum  where  the  illuminating  power 
is  the  least,  and  vice  versa;  but  there  appears  a 
second  or  subsidiary  Actinic  maximum  within  the 
15 
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heating  rays  at  f.  A  complete  account  and 
analysis  of  tlie  solar  beam,  Avill  be  found  under 
the  articles  Eefrangibility  and  Spectkuji: 


rSpace  of  extra  spectral 
L  rays. 

i  Lavender. 


Violet. 
Indijjo. 

Blue. 

Green. 

yellow. 

Orange. 

Red. 

A 

a  Extreme  Red. 


E,  Actinism,  or  chemical  radiant  power,  c,  Light, 
s,  Ueat. 

suffice  it  to  remark  in  the  meantime,  that  this 
Actmic  Force  is  almost  inversely  as  the  illuminat- 
ing power  •  not  only  do  the  most  luminous  rays 
contain  no  Actinism,  but  they  tend  to  prevent 
chemical  change ; — an  inorganic  body  exposed  to 
the  yellow  Bay,  resists  the  influence  of  Actinic  Eays 
likewise  thrown  upon  it.  The  reality  of  this 
antagonism  very  distinctly  appears  in  the  relation 
of  different  climates,  houi-s  of  the  day,  &c.,  to  the 
processes  of  Photography.  The  difficidty  of 
obtaining  picfm-es  by  action  of  the  sim,  increases 
as  we  approach  the  equatorial  regions ;  they  are 
more  easily  obtained  in  spring  than  in  midsum- 
mer, and  in  the  morning  than  at  noon.  It 
would  seem  also  that  the  Actinic  force  imdergoes 
modifications,  and  is  subject  to  cycles,  probably 
not  less  important  tlian  tliose  which  are  the 
subjects  of  Photometry  and  Thermometry :  the 
cause  of  such  changes,  however,  has  not  yet  been 
ascertained.  The  Actinic  Eays  have  evidently 
closest  relations  with  the  progi-ess  of  vegetation ; 
to  them  also  is  due,  the  phenomenon  of  Phos- 
phorescence ;  and  tlicy  quicken  Electric  action. 

Actiiiograpli,  Byiinctinomctcr,  riioto- 
i^raphonictcr.  Names  given  to  instruments 
devised  for  measuring  and  recording  tlic  varia- 
tions of  the  Actmic  or  Chemical  force  of  the  solar 
ray.  Several  fonns  of  tlieso  are  described  in 
HunCs  Treatise  on  Photography.  A  classical  in- 
strument of  tliis  kind,  of  easy  use  in  observation, 
is  still  a  dcsideratimi. 

AcUiioiuctcr.    The  temperature  of  the  earth 
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or  of  any  point  above  its  surface,  reckoned  by  the 
thermometer,  is  not  a  correct  measure  of  the  heat 
sent  by  the  Sun.  Much  of  the  latter  heat  is  not 
transmitted,  but  absorbed  by  our  Atmosphere;  and 
the  Atmosphere  becomes  in  this  way  a  heating 
source,  the  iutensity  of  which  is  indicated  by  the 
Thermometer  as  we  generally  employ  it  To  detect 
the  true  quantity  of  heat  emanating  from  the  Sun, 
we  must  find  how  much  has  been  absorbed  by  the 
Atmosphere,  and  if  possible  ascertain  what  would 
be  the  elevation  of  temperature,  could  our  aerial 
envelope  be  for  the  moment  destroyed.  The  re- 
sults of  this  inquiry  are  stated  under  arts.  Sux 
and  Kadiation  :  the  instruments  used  hi  the  in- 
quiry are  termed  Actinometees,  Helio-Ther- 
MOMETEBS,  and  Pyrhelioiieteus.  The  first  in- 
sti-ument  of  the  kind  was  devised  by  De  Saussure : 
one,  similar  in  principle,  but  of  great  deUcacy 
in  action,  was  proposed  by  Sir  John  HerscheL 
We  select,  however,  the  instrmnent  called  by 
Pouillet  the  direct  Pyrheliometer,  for  description 
in  this  place.  Its  chief  part  is  a  vessel  of  silver, 
A  B,  mth  thin  sides,  blackened  on  its  upper  face 
so  that  its  absorbing  power  be  a  maximiun,  and 
contaming  about  1500  gi-ains  in  wt.  of  water.  This 
iipparatus  is  adjusted  so  that  the  direct  raj-s  of  the 
sun  strike  upon  it  A  thermometer,  a  b,  whose 
stem,  passing  into  c  d,  the  support  of  the  silver 
vessel,  is  thus  protected  from  solar  action — indi- 
cates variations  of  temperature.  ^ 

To  insure  that  a  b  be 
pei-pendicular  to  the 
incident  rays,  a  corres- 
ponding disc  is  placed 
below  it,  and  the  instru- 
ment is  adjusted  when  the 
shadow  of  A  B  exactly 
falls  on  the  disc  a'  b'  : — 
An  observation  with  this 
Actinometer  is  made  as 
follows : — The  water  hav- 
hig  attained  the  tempera- 
ture of  the  surrounding 
air,  the  apparatus  is 
kept  in  tiie  shade  very 
near  the  place  where  the 
trial  is  to  be  effected : — 
it  is  placed  so  that  it 
receive  the  full  heating 
action  of  the  sky,  with- 

out  any  du"ect  solar  rays  falling  on  it ;  and,  dur- 
ing four  minutes,  a  record  is  kept  from  minute  to 
minute  of  its  cooling  or  heating.  During  the 
next  or  fifth  minute,  it  must  be  adjusted  behind  a 
screen  so  that  if  the  screen  were  removed,  it  would 
receive  the  direct  rays  perpendicidarly :  at  the 
end  of  the  minute  the  screen  should  be  .suddenly 
removed.  Then  during  five  minutes  the  process 
of  heatmg  must  be  observed  from  minute  to  min- 
ute. At  the  end  of  the  fifth  minute  replace  the 
screen ;  restore  the  apparatus  to  its  former  posit  ion ; 
and  once  again  observe  tlie  cooling,  from  minute 
to  minute,  during  other  four  minutes.   The  ele- 
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vation  of  tempcratiire,  t,  due  to  fire  minutes  of 
direct  solar  action,  will  then  be 
c-|-c' 

t  =  e-]  

2 

e  being  the  -whole  elevation  of  the  temperature  of 
tlie  apparatus  during  the  four  minutes  of  its  expo- 
sure to  the  sun,  and  c  and  c'  the  cooling  observed 
during  the  first  two  sets  of  four  minutes  which 
preceded,  and  followed  the  exposure.  The  theory 
of  the  treatment  is  evident.  Pouillet  has  also 
proposed  an  actinometer  or  pyrheliometer  ■with  a 
lens.  It  consists  of  a  lens  of  two  feet  focal  length, 
at  whose  focus  is  a  silver  vessel  containing  about 
9000  grains  in  wt.  of  water,  a  thermometer  being 
within  the  water.  The  shape  of  the  vessel  and 
the  disposition  of  the  lens  are  such,  that  for  any 
altitude  of  the  sun,  the  rays  can  be  made  to  fall 
perpendicularly  alike  on  the  lens,  and  on  the  face 
of  the  vessel  in  its  focus.  The  experiment  in 
this  case  is  made  precisely  as  in  the  former :  but 
tlie  use  of  the  instrument  with  the  lens  is  prefer- 
able during  winds.  It  will  appear  from  this  de- 
scription, that  observ^ation  with  the  Actinometer 
or  P}Theliometer  is  still  of  the  nature  of  an 
experiment ;  neither  so  direct  nor  so  easy  as  obser- 
vation with  the  Thermometer  or  Barometer. 

Action,  the  ILeast,  Principle  of.  The  advance 
of  all  Sciences  is  in  this  wise.  The  facts  accumu- 
lated are  grouped  at  first  by  partial  generalizations, 
and  the  difEculties  of  investigation  overcome  by 
partial  methods, — methods  and  generalizations 
gradually  rising  in  power  and  extension,  until 
they  lead,  as  their  term,  to  the  fundamental  law 
connecting  all  the  facts,  and  offering  a  method 
for  the  treatment  of  every  possible  problem.  The 
history  of  Rational  Mechanics — especially  of  its 
main  department,  Dynamics — exhibits  through- 
out, such  phases.  As  its  exigencies  multiplied, 
they  were  classed ;  and  partial  methods  became 
discerned,  capable  of .  application  to  each  class. 
These  methods  were  termed  principles,  and  were 
often  attempted  to  be  estabhshed  on  distinct,  and 
even  a  priori  grounds — sometimes  on  considera- 
tions connected  with  Final  Games : — they  are,  in 
reality,  only  Theorems  of  greater  or  less  gen- 
erality, which  can  now  be  readily  deduced  from 
that  more  extended  and  gi'asping  conception  of 
the  subject  of  Rational  Mechanics,  which  we 
mainly  owe  to  D'AIcmbert  and  La  Grange. 
The  more  important  of  these  are  known  under 
the  appellations  of  "  The  Conservation  of  Living 
Forces  (virium  vivarum)  ;"  "  The  Conservation 
oj  the  Movement  of  the  Centre  of  Gravity ;"  "  The 
Conservation  of  Areas;"  and  "  The  Principle  of 
the  Least  Action."  The  character  of  the  first 
three  is  explained  under  the  heads  Fm-ce,  Centre, 
and  Area^:  it  is  with  the  last  one  alone,  that  we 
have  at  present  to  deal.  The  history  of  the 
pnnciplc  of  Least  Action  is  curious  and  instruc- 
tive. It  had  been  noticed  by  Ptolemy,  that  a 
ray  of  light  passing  by  reflection  from  one  point 
to  another,  adopts  the  shortest  possible  course— a 


truth  flowing  directly  from  the  fact  that  the  anglo 
of  reflection  is  always  equal  to  the  angle  of  inci- 
dence. On  the  discovery  of  the  Law  of  Ilefraction 
by  Snell,  and  its  promulgation  by  Des  Cartes,  the 
French  geometer  Fermat — to  whom  we  owe  an 
important  step  towards  the  discovery  of  the 
Difl'erential  Calculus — ascertained  that  a  similar 
result  might  seem  indicated  by  that  law  of  re- 
fraction ;  viz. :  that  while  the  two  media  through 
which  the  ray  passes  continue  the  same,  the  sine 
of  the  angle  of  Incidence  has  a  constant  ratio  to 
the  sine  of  the  angle  of  Refr^iction.  Assuming 
that  the  ray  moves  more  ST\aftly  tlu'ough  a  rare 
medium  than  through  a  dense  one,  Fermat  as- 
serted that  in  order  to  pass  in,  the  shortest  time 
from  a  point  in  a  rare  medium  to  a  point  within 
a  dense  one,  the  ray  must  move  in  a  hrolcen  line, 
continuing  as  long  as  possible  within  the  rare 
mediiuu ;  and  his  analysis  enabled  him  to  dis- 
cover that  the  pennanency  of  the  ratio  of  the 
sines  made  the  Time  a  minimum.  Incited  by  these 
two  singular  facts,  the  imagination  of  MaupertuLs 
led  him  to  the  abstract  conception,  that  Nature 
must  ever  act  with  a  view  to  the  highest  Economy 
of  Force ;  and  the  advanced  state  of  Mechanics 
taught  him  to  translate  this  metaphysical  notion 
into  the  important  theorem  known  by  the  fore- 
going name,  viz. ;  that  the  course  of  a  body  sub- 
jected to  the  action  of  any  set  of  forces  is 
necessarily  such,  that  the  integral  of  the  product  of 
the  velocity  of  the  body  by  the  element  of  the 
curve  shall  be  a  minimum.    Long  and  angry 
controversy  ensued :  geometers  finally  discarding 
the  a  priori  reasonmgs  of  Maupertuis,  but  ac- 
cepting his  principle  as  a  remarkable  and  useful 
truth,  capable  of  being  demonstrated  by  inferior 
and  legitimate  mechanical  Theorems.    The  pro- 
perty was  further  generalized,  defined,  and  pro- 
perly rectified  by  La  Grange,  who  showed,  more- 
over, that  the  so-caUed  Economy  of  Force,  is 
merely  an  accidental  and  partial  concomitant  of 
the  true  Theorem — sometimes  having  reference  to 
the  space  described — sometimes  to  the  time  oc- 
cupied, and  often  predicable  of  neither.  The 
analytical  expression  as  laid  down  by  Mauper- 
tuis, and  completed  by  La  Grange,  need  not  indeed 
be  a  minimum.   It  is  only  true  that  its  Variation 
is  always  o ;  so  that,  for  aught  we  know,  the  in- 
tegral may  be  a  maximum.  The  name,  therefore, 
of  the  Principle  of  Least  Action,  should  be  allowed 
to  follow  the  abstract  reasonings  of  Maupertuis ; 
and  in  this  instance,  as  in  all  similar  ones,  nothing 
invalidates  the  dictum  of  Lord  Bacon,  that  Final 
Causes  are  like  Vestals — not  legitimately  pro- 
ductive. 

Adhesion.  The  force  which  unites  two  sub- 
stances placed  in  mutual  contact,  is  called  the 
adhesive  force.  It  differs  from  cohesion,  wliich 
acts  only  between  the  constituent  molecules  of 
the  same  body.  Its  power  is  measured  by  the 
weight  which  is  required  to  separate  the  adliering 
substances.  A  striking  illustration  of  the  power 
of  adhesion  will  bo  obtained,  if  we  press  together 
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two  pieces  of  lead,  having  similar  surfaces,  well 
scraped.  A  very  considerable  weight  will  be  re- 
quired to  separate  them.  If,  instead  of  merely 
placing  two  bodies  together,  we  make  the  one 
slide  for  a  few  seconds  rapidly  over  the  surface  of 
the  other,  the  adhesion  will  be  stronger.  The  air 
between  the  substances  is  partially,  in  that  way, 
expelled.  If  we  could  expel  all  the  air  between 
two  bodies,  we  should  have  a  pressm-e  of  15  lbs. 
per  square  inch  of  the  surfaces,  parallel  and  equal 
to  the  adhering  surface,  keeping  the  bodies  to- 
gether (atmospheric  pressure).  Several  artificial 
compositions  have  been  manufactured  in  order  to 
produce  a  permanent  union  between  two  bodies. 
Generally,  these  bodies  are  of  the  same  kind,  and 
the  composition  is  so  made  as  not  readily  to  break 
up  itself,  and  at  the  same  time  to  adhere  strongly 
to  each.  Marine  glue  is  probably  the  most  power- 
ful of  these  preparations.  When  a  substance  is 
dipped  into  any  liquid,  a  film  of  the  liquid  gen- 
erally adheres  to  it.  This  shows  that  adhesion 
obtains  between  solids  and  liquids.  The  pheno- 
mena of  capillarity  are  partly  explicable  in  the 
same  way.  Adhesion  is  also  to  some  extent  pro- 
duced, when  one  body  is  forced  into  the  mass  of 
another.  Its  difierence  from  cohesion  {q.  v.)  is 
perhaps  rather  hypothetical  than  real. 

^oUan  I&arp.  A  musical  iiistrament  by 
which  sovmds  are  produced,  when  a  current  of  air 
passes  over  the  strings.  It  was  first  constructed 
by  Kircher,  who  gives  a  full  description  of  it  in 
his  Musuryia  Universalis,  (9.  352.)  The  follow- 
ing method  of  construction  is  not  exactly  his ; 
though  very  nearly  approaching  it.  It  is  found 
to  give  more  distinct  tones  than  are  produced  by 
his  method.  Make  a  box  of  thiu  deal,  equal 
in  length  to  a  window  in  which  it  is  to  be  placed, 
about  4  or  5  inches  deep,  and  5  or  6  wide.  Glue 
on  it,  at  the  extremities  of  the  top,  two  pieces  of 
wainscot  about  half-an-inch  high,  and  a  quarter 
of  an  inch  thick,  to  serve  as  bridges  for  the 
strings ;  and  within  side,  at  each  end,  glue  two 
pieces  of  beech  about  an  inch  square,  equal  in 
length  to  the  width  of  the  box.  Into  one  of  these 
bridges  fix  as  many  pegs  as  there  ai-e  to  be  strings, 
and  into  the  other  fasten  as  many  brass  pins. 
String  the  instrument  then,  fixing  them  by  the 
pegs  and  the  pins  respectively,  and  tune  the 
strings  into  unison.  The  strings  must  not  be  drawn 
very  tight.  Place  the  instrument  then,  in  the  sill 
of  a  window  where  there  is  a  brisk  current,  and 
we  shall  have  all  the  notes  of  the  diatonic  scale 
commingling  together,  sometimes  in  the  most 
exquisite  harmonies.  The  explanation  of  the 
iEolian  harp  is  easily  found  in  that  part  of  the 
article  on  Acoustics,  which  refers  to  the  vibration 
of  cords,  and  which  gives  an  account  of  the  dif- 
ferent notes  which  intermingle  in  the  case  of  any 
one  vibrating  cord.  (See  Acoustics).  Vide 
Young's  Inquiry  into  the  j)rincipal  Phenomena  of 
/Sounds. 

JEoUpac.  yEoli  Pila.  The  ball  of  iEolus. 
An  instrument  first  mentioned  by  Vitruvius  (1.  G). 
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It  consists  of  a  ball  of  metal,  to  which  a  pipe  is 
attached  by  a  screw.  The  ball  is  filled  with  water, 
and  heat  is  applied,  when  steam  issues  from  the 
neck  with  considerable  force.  The  instrument  was 
employed  to  illustrate  the  origin  of  winds.  It  is 
only  now  interesting  from  its  having  been  the 
first  recorded  instrument  where  anything  was  made 
to  depend  upon  the  motive  power  of  steam. 

Aerolites  or  Meteoric  Stones.  The  ex- 
traordinary meteors  to  which  the  Aerolites  belong 
are  distinguished  into  three  classes.  1.  Falling 
Stars  or  Shooting  Stars;  2.  Globes  of  Fire,  or 
Bolides;  and  3,  Aerolites  proper,  or  those  solid 
masses  that  fall  to  the  surface  of  the  earth  through 
the  air.  The  complete  discussion  of  the  questions 
stirred  by  this  remarkable  subject,  we  shall  give 
under  the  article  Meteor  :  in  this  place  we  pro- 
pose simply  to  explain  the  distinctive  character 
of  Aerolites. — After  much  pardonable  incredulity, 
the  fact  is  now  accepted  that  stones  and  mineral 
masses  do  fall  to  the  Earth  through  the  atmos- 
phere. The  general  unbeUef  was  overcome  by  the 
systematic  inquiries  and  report  of  Biot,  under- 
taken by  desire  of  the  French  Academy  regarding 
the  shower  of  Aerolites  that  fell  near  I'Aigle  in 
Normandy,  on  26th  April,  1803.  A  list  of  all 
recorded  phenomena  of  this  description  was  after- 
wards drawn  up  by  Chladni,  to  whom  we  owe 
our  earliest  systematic  knowledge  of  the  singular 
subject.  Chladni's  catalogue  is  necessarily  very 
hnperfect,  and  does  httle  more  than  establish  the 
fact,  that  the  phenomenon  cannot  be  called  a  rare 
one.  Most  of  these  occurrences  must  be  unre- 
corded :  for  instance,  when  the  stones  fall  into  the 
Ocean,  or  when  they  have  fallen  unnoticed,  as 
must  have  been  the  case  with  the  large  mass  dis- 
covered by  Pallas  in  Siberia,  and  -mth  other  such 
masses,  as  travellers  have  found  at  the  Cape  of 
Good  Hope,  in  Mexico,  Peru,  or  Bafiui's  Bay,  &c., 
But  within  recent  years  we  have  had  several 
falls  substantiated,  as  matter  of  fact — as  cleariy 
as  in  the  case  of  the  Aerolites  of  I'Aigle.  On 
the  1st  of  October,  1857,  about  4.45  o'clock  in 
the  afternoon.  Baron  Seguier  was,  with  some 
workmen,  in  an  avenue  of  his  chateau  of  Haute- 
feuille,  near  Charny,  in  the  department  of 
Yonne.  They  were  suddenly  startled  by  several 
successive  detonations  in  the  air,  quite  unlike 
thunder,  and  by  marked  atmospheric  agitations ; 
on  returning  to  his  house,  the  Baron  found 
that  glass  had  been  broken.  He  learned  im- 
mediately that  a  shower  of  Aerolites  had  fallen 
at  the  same  moment  a  few  leagues  from  Haute- 
feuille,  in  the  commune  of  Des-Ormes.  Hasten- 
ing to  tlie  spot,  he  found  tliat  a  mason  working 
at  the  time  on  a  scafl^old  had  witnessed  the  fall, 
and  been  neariy  struck  by  one  of  the  Aeroliies, 
which  buried  itself  several  inches  in  the  earth 
at  the  foot  of  his  ladder.  Seguier  presented 
this  stone  to  the  Academy  of  Sciences;  and 
stated  that  a  proprietor  of  Chateau- Ren  aril  had 
seen  at  tiie  same  liour  a  globe  of  fire  passing  ra- 
pidly through  the  uir  towards  Vemisson — in  the 
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precise  direction  of  the  locality  where  the  Aerolites 
fell.  The  stone  in  all  respects  resembled  those 
of  I'Aigle ; — the  important  and  really  novel  part 
of  the  phenomenon  was,  however,  the  identifl- 
cation  of  the  fall,  with  the  Bolide  seen  at  Chateau- 
Renard. — On  the  9th  of  December,  1858,  a  simi- 
lar event  occurred  at  Clarac,  in  tTie  canton  of 
Montrejean,  in  the  Haute-Garonne.  The  people 
were  first  attracted  by  a  sudden  and  alarming 
explosion  ;  and  at  the  same  moment  the  air  was 
filled  with  millions  of  sparks,  followed  by  a 
shower  of  ashes.  A  very  large  stone  fell  near 
the  church,  striking  the  farm-house  of  the  widow 
Jeanne-Marie  Caperan.  This  stone  was  so  hot 
as  to  burn  the  hand.  It  resisted  fracture  at 
first,  but  the  peasants  succeeded  ultimately  in 
breaking  it  up.  Another  and  still  larger  frag- 
ment v/as  afterwards  found  at  d'Aussun.  It  had 
penetrated  the  earth  nearly  four  feet,  making  a 
hole  upwards  of  a  foot  in  diameter.  The  mass 
weighed  about  100  lbs.  avoirdupois.  This  stone 
was  also  broken  up  by  the  peasantry;  but  the 
Abbe  Froment,  professor  of  the  seminary  of  Po- 
lignan,  who  assisted  at  the  extraction  of  the 
Aerolite,  secured  a  large  fragment  of  it.  It 
wholly  resembles  the  fragment  of  the  Aero- 
lite of  Clarac,  now  in  possession  of  the  Cure  of 
that  place. — The  nature  of  these  masses  has 
been  determined  by  chemical  analysis.  They 
contain  the  following  elements : — Oxj'gen,  Hy- 
drogen, Sulphur,  Phosphorus,  Carbon,  Silica, 
Chromium,  Potassium,  Sodium,  Calcium,  Mag- 
nesium, Aluminum,  Iron,  Magnetic  Nickel,  Cop- 
per and  Tin.  The  following  are  the  chief  types 
in  which  these  elements  are  found  combined  : — 
1.  Metallic  Iron,  containing  small  quantities  of 
Nickel,  Cobalt,  Magnesium,  Manganese,  Tin, 
Copper,  Sulphur,  and  Carbon. — 2.  Sulphuret  of 
Iron. — 3.  Magnetic  Iron. — 4.  Olivine  5.  Sili- 
cates and  other  earthy  substances  6.  Chromate 

of  Lime  in  small  quantities. — 7.  Oxide  of  Tin. — 
The  Aerolite  of  Montrejean  was  carefully  ana- 
lyzed, and  gave,  a  magnetic  substance — Iron  or 
Nickel;  Sulphuret  of  Iron ;  Peridot,  Labrador; 
Hornblende,  &c.  One  remarkable  circumstance 
remains  to  be  noticed.  An  Aerolite  fell  about 
10  o'clock  in  the  evening,  near  Kaba-Debreczin, 
on  15th  April,  1857  ;  and  in  this  M.  Wohler 
has  found  a  small  quantity  of  organic  matter, 
akin  to  parafme:  —  a  fact  wholly  unexpected, 
and  going  far  to  establish  the  planetary  character 
of  these  singular  masses. — As  to  the  origin  of 
such  Meteors,  three  hypotheses  have  been  pro- 
posed. First,  That  they  are  of  atmospheric  ori- 
gin like  rain  or  hail ; — meteors  formed  by  aggre- 
gation.—/S'econtf/y,  Laplace  thought  that  they 
might  be  projected  from  volcanoes  in  the  Moon. 
Thirdly,  Chladni  and  others  believe  them  small 
Planets,  or  fragments  of  Planets  moving  through 
space,  which  on  entering  our  atmosphere,  lose 
their  velocities  and  fall  to  the  earth.  The  first 
hypothesis  is  untenable.  The  second,  in  the  form 
given  it  by  Laplace,  equally  so.— We  shall  re- 
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turn  to  these  speculations  under  the  more  general 
article  Meteors  :  but  it  seems  fitting  to  subjoin 
here  the  leading  conclusions  recently  arrived  at 
by  Reichenbach,  after  an  analj'sis  of  facts  pro- 
bably the  most  complete  hitherto  made.  (See 
Poggendorf  Annalen  for  December,  1858).  The 
following  are  Reichenbach's  chief  propositions  : — 

(1)  .  Twelve  Meteorites  or  Aerolites,  at  least, 
fiill  on  the  earth  dailj'.  or,  4,500  every  year  

(2)  .  Many  of  them  are  small ;  others  of  great 
size,  some  as  large  as  a  horse,  others  of  the  size 
of  a  house,  and  a  small  hill.  He  suspects  that 
some  of  our  large  masses  of  dolerite  have  had  a 
meteoric  origin. — (3).  The  composition  of  these 
masses  closely  resembles  that  of  the  volcanic  or 
plutonic  rocks  of  the  earth ; — the  substances  en- 
tering into  their  composition  belong  without  ex- 
ception also  to  the  composition  of  our  Planet. 
(4).  The  mean  specific  gravity  of  these  Aerolites 
is  rigorously  equal  to  that  of  the  Earth  ;  so  that 
on  every  side  there  seems  a  relationship  between 
these  two  formations.  With  rather  a  stretch  of 
fancy,  Reichenbach  asks,  may  not  our  Earth 
itself  be  a  mass  of  Aerolites  ? — (5).  The  satel- 
lites of  our  Solar  System,  the  Asteroids,  and  the 
large  or  primary  Planets,  have  similar  relations 
as  the  Aerolites :  their  respective  magnitudes, 
weights,  &c.,  do  not  differ  more,  than  Aerolites  do 
with  one  another.' — The  point  to  which  Reichen- 
bach's speculations  converge  is  this; — all  our 
planetary  bodies — including  the  Earth,  have  had 
what  in  one  sense  may  be  termed  a  meteoric  ori- 
gin ;  i.  e.,  these  Aerolites  are  simply  small  Planets; 
and,  as  such,  are  constituent  and  essential  parts  of 
our  System,  We  descend  from  the  larger  Pla- 
nets to  small  Aerolites  gradually  and  consecu- 
tively. These  occupy,  indeed,  a  middle  space  be- 
tween the  Asteroids  and  the  Comets.  Reichen- 
bach had  previously  attempted  to  show  that 
Aerolites  are  merely  Comets  that  have  passed, 
by  condensation,  from  a  mass  of  impalpable  dust 
to  a  solid  state; — a  supposition  which  accounts 
well  in  so  far  as  Comets  are  concerned,  for  facts 
so  puzzling  as  their  transparency,  their  inability 
to  refract  light,  the  polarization  of  their  light,  and 
the  circumstance  that  the  light  they  emit  is  re- 
flected solar  light:  in  a  word,  the  theory  is, 
that  a  Comet  is  merelj'  a  swarm  of  solid  grains 
or  molecules  far  from  each  other,  exceedingly 
light,  transparent,  luminous  by  reflexion,  per- 
fectly mobile,  and  floating  through  empty  space. 
But  an  analysis  of  his  own  superb  collection  of  a 
hundred  and  forty  Aerolites  showed  Reichenbach 
further,  that  they  consist  for  the  most  part  of  very 
small  spheres  or  spherules,  united  by  an  amor- 
phous substance;  or  what  is  nearly  the  same 
thing,  that  they  are  aggregates  of  millions  of 
spherules,  at  one  time  probably  existing  freely 
and  apart  in  space.  If  then,  previous  to  this  ag- 
gregation or  condensation,  such  a  sviarm  had  a 
motion  of  translation,  what  could  it  be  except  a 
cometary  mass? — It  is  certainly  neither  our  wish 
nor  our  function  to  pronounce  dogmatically  on. 
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speculations  so  closely  connected  with  the  obscur- 
est portions  of  cosmogony;  but,  in  this  case,  they 
will  not  improbably  succeed  in  fulfilling  one  pri- 
mary object  of  all  such  hyix)theses,  viz. :  they  may 
stir  inquirj'-,  and  strengthen  the  belief  that  even 
the  most  strange  anomalies  are  all  subject  to  Law. 

Aeronautics.  The  history  of  aeronautics 
commences  at  a  very  early  period.  Archytas, 
the  famous  pliilosoplier  of  Tarentum,  constructed 
a  dove  able  to  maintain  itself  in  the  air,  and 
Aulus  Gellius  mentions  that  this  result  was 
accomplished  by  enclosing  in  its  body  an  air 
lighter  than  the  atmosphere.  Roger  Bacon, 
about  the  beginning  of  the  14th  century,  at- 
tempted the  construction  of  a  machine  which 
shoidd  give  man  the  power  of  sustaining  himself 
in  the  air,  and  of  directing  his  motions  while  in 
it.  Cavendish  in  England,  and  Lichtenbergand 
Pickel  in  Gei-many,  experimented  also  upon  ves- 
sels fiUed  with  hydrogen.  These  attempts  were 
made  in  the  laboratory,  however,  and  came  to  no 
practical  result.  Joseph  Montgoliler  was  the 
first  who  made  an  aerial  voyage.  His  atten- 
tion was  excited  by  observing  that  a  paper  bag, 
which  he  had  thrown  on  the  fire  by  chance, 
mouth  doTOwards,  rose  up  in  the  -air.  He  re- 
peated the  experiment,  and  always  with  the  same 
success,  and  the  idea  occm-red  to  him  of  raising 
a  balloon  by  filling  it  with  heated  air  in  the  same 
way  as  the  paper  bag  was  raised.  He  put  his 
idea  into  execution  at  Avignon,  in  .1782,  and 
more  publicly  at  Annonay,  June  6,  il783,  in 
presence  of  the  states-general.  Pilatre  des  Bo- 
ziers  and  the  Marquis  d'Arlande  were  the  first 
to  trust  themselves  to  the  balloon,  and  to  risk  a 
voyage  in  the  air.  They  passed  over  the  city  of 
Paris  in  their  voyage.  This,  as  it  was  the  first, 
was  also  the  last  voyage  with  balloons  filled  with 
heated  au%  The  weight  of  the  fuel  to  be  tal^en 
up  was  considerable,  and  the  danger  of  the  flame 
dilating  in  the  upper  layers  of  the  atmosphere, 
where  the  pressure  is  smaller  than  at-the  surface, 
was  very  great.  In  fact,  the  balloon  of  the  two 
voyagers  caught  fire,  and  they  narrowly  escaped 
death.  Besides,  a  rapid  descent  while  the  fuel 
was  imexhausted  might  be  very  dangerous  to 
buUdiugs  of  all  sorts.  Still  further,  the  ascent 
depended  upon  the  lightness  of  heated  air ,  and  if 
the  air  were  heated  much  above  the  boiling  point 
of  water,  the  balloon  Avould  be  apt  to  bum. 
In  consequence  of  these  disadvantages,  the 
MontgolCers  (so  called  from  their  inventor) 
were  abandoned.  But  M.  Charles,  about  this 
time,  repeated  the  experiments  of  Cavendish 
regarding  vessels  filled  with  hydrogen  gas,  and 
canied  them  into  practice.  MM.  Cliarles  and 
Robert  rose  (December  1,  .1784)  from  the  garden 
of  the  Tuilcries.  The  gas,  from  some  imperfec- 
tion in  the  balloon,  beginning  to  leak  out,  they 
descended ;  Robert  left  the  balloon,  and  Charles 
alone  rcascendcd ;  and  rose  about  five  times  as 
high  as  Pilatre  des  Boziers.  This  experiment 
was  decisive.    Since  then  very  many  balloon 
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ascents  have  been  made.  Kone  are  more  cele- 
brated than  that  of  MM.  Biot  and  Gay  Lussac, 
from  the  important  scientific  information  regard- 
ing the  state  of  the  upper  regions  of  the  atmos- 
phere which  it  gave.  M.  Gay  Lussac,  in  a 
second  ascent  alone,  rose  to  a  height  of  about 
23,000  feet.  The  barometer  stood  at  a  trifle  less 
than  half  its  height  at  the  surface  of  the  earth 
(llf  being  the  exact  fraction).  The  temperature 
also  was  very  considerably  changed.  When  he 
commenced  to  ascend,  his  thermometer  stood  at 
G<3°"74  Fahr.,  and  at  the  greatest  elevation  it 
had  fallen  to  14° -9  Fahr.  This  fall  was  expe- 
rienced m  the  course  of  a  few  mmutes. — The 
aeronaut  usually  takes  with  him  several  bags  to 
serve  as  ballast,  and  in  order  that,  by  throwing 
himself  clear  of  them,  he  may  as  rapidly  as  pos- 
sible rise  to  a  higher  elevation.  It  is  necessary 
for  him  to  be  especially  careful  not  to  fill  the  bal- 
loon too  full  of  the  gas.  In  that  case,  when  the 
pressure  round  the  sides  becomes  less,  as  it  does  in 
the  upper  air,  there  is  a  violent  tendency  to  ex- 
plosion. The  balloon  is  usually  provided  with  a 
stop- cock,  by  which  the  gas  can  be  let  ofi'  in  case 
of  such  danger.  All  the  materials  of  the  balloon 
should  be  tried  before  they  are  used,  with  a  view 
to  ascertain  their  capacity  of  resistance.  The 
form  of  balloons  depends  very  much  on  the  pur- 
poses for  which  they  are  intended — whether  for 
rising,  or  moving  about  horizontally  in  the  air, 
or  wandering  about  at  the  will  of  the  wmd. 
The  power  of  directing  a  balloon  is  still  a  desi- 
deratum. Perhaps  a  very  close  study  of  the  com- 
mon structure  of  fishes,  and  of  the  manner  in  which 
they  direct  their  motions  of  ascent  or  descent, 
and  horizontal  motion,  might  reveal  something 
of  the  trae  answer  to  this  problem ;  just  as  the 
consideration  of  the  structure  of  the  eye  suggested 
to  Euler  the  possibility  of  achromatism.  One 
practical  direction  is,  that  the  aeronaut  should 
first  rise  above  the  region  of  cuiTcnts,  where,  if 
he  can  succeed  in  obtaining  a  very  small  direc- 
tive force,  he  will  reach  his  end.  Balloons,  with 
metallic  plates,  instead  of  the  ordinary  silk  or 
taflfetas  covering,  have  been  constructed.  They 
were  safer  than  any  others,  it  was  thought, 
against  breakage  bj'  the  distention  of  air.  It 
has  been  found  practically,  that,  in  consequence 
of  our  not  beuig  able  to  procure  them  homogene- 
ous, they  are  exposed  to  far  more  numerous 
chances  of  rupture  than  the  ordinary  balloons. 
The  balloon  has  been  employed  to  enable  mili- 
tary men  to  observe  the  operations  of  an  enemy ; 
but  it  is  found  not  well  suited  for  this.  The  only 
really  practical  purpose  to  which  it  has  yet  been 
turned,  is  that  of  enabling  us  to  arrive  at  such 
a  notion  of  the  state  of  the  upper  regions  of  the 
Atmosphere,  as  we  could  not  othenvise  attain. 

Air  Engine.  In  the  manufacture  of  engines 
for  our  great  public  works,  and  for  our  extensive 
travelling  requirements,  there  are  several  very 
important  desiderata,  the  nearer  the  approxuna- 
tiou  to  which  becomes,  the  more  valuable  our 
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engines  must  be  considered.  Thus,  every  engintt' 
requires  to  be  provided  with  safeguards,  so  that 
the  carelessness  of  attendants  may  produce  the  least 
possible  damage  either  to  the  engine  itself,  or  to 
the  building  in  which  it  is  placed,  and  the  people 
v.-ho  may  require  to  be  near  it.  Safety-valves  are 
usually  provided,  so  that  when  the  steam  in  the 
boiler  has  reached,  in  any  way,  so  high  a  pres- 
sure as  even  to  approximate  to  danger  of  explo- 
sion, a  free  passage  may  be  provided  for  it  intO' 
the  external  air.  Then,  again,  it  is  necessary 
that  an  engine  should  be  moderately  light  in 
many  cases.  In  stationary  buildings  this  is  not 
so  necessary ;  as  the  driving  engine  may  usu- 
ally be  placed  on  the  ground,  and  so  may  be 
of  any  weight.  Even,  then,  however,  the  im- 
portant consideration  of  economy  would  suggest 
that  there  be  no  unnecessary  masses  of  material 
employed  in  its  construction.  Where,  on  the  other 
hand,  the  engine  is  to  be  put  in  a  steam-boat, 
or  used  on  a  railway,  this  consideration  becomes 
of  the  utmost  importance.  In  such  cases  the 
moving  force  resident  in  the  engines,  has  to  drag 
the  weight  of  the  engine  itself  along,  and  thus 
wastes  its  capabilities  in  mere  reflexive  action. 
Thus,  if  a  locomotive  can  be  constructed  30  tons 
in  weight,  to  do  the  same  work  as  one  of  40, 
besides  the  important  diminution  of  first  cost, 
tlie  latter  engine  will,  after  all,  be  able  to  drag 
a  much  smaller  ti-ain,  since  it  has  10  tons  to 
haul  behind  it,  in  addition  to  its  proper  load, 
more  than  the  other.  A  consideration  of  still 
greater  importance  in  the  construction  of  a  good 
engine  is  its  economy  of  fuel.  The  cost  of  an 
engine  we  have  already  seen  to  be  of  the  very 
utmost  importance,  but  it  would  be  mistaken 
economy  Avhich  would  make  a  machine  of  less 
capability,  or  more  likely  to  go  wrong,  serve  in 
place  of  a  good  though  expensive  one.  The  first 
outlay  is  once  for  all.  But  if  with  two  different 
engines  the  same  effect  can  be  produced,  by  the 
consumption  of  less  fuel  in  the  one  case  than  in 
the  other,  a  permanent  advantage  is  on  the  side  of 
the  former.  There  is  a  great  daily  difference  in 
the  expense  of  "  feed,"  and  as,  before  long,  in  a 
large  engine,  that  expense  comes  to  be  greater 
than  that  of  the  macliine  itself,  it  is  better  to 
have  one  which  will  consume  less  fuel  for  the 
same  work,  even  although  heavier  and  more  ex- 
pensive. In  steam-boat  and  locomotive  engines  this 
is  eminently  so.  The  same  considerations  of  ex- 
pense hold  here  as  before,  with  the  additional 
important  consideration,  the  ligl)tness  of  the  in- 
variable load.  The  locomotive  engine  has  always 
a  tender  attached,  with  the  coals  and  water  which 
it  carries.  If  two  engines  can  be  wrought  to  tlie 
same  extent,  doing  the  same  work,  the  one  car- 
rying five  tons  of  coal  for  its  journey,  and  the 
other  ten,  it  will  be  clear  that  the  first  can  cany 
precisely  five  tons  additional  of  extra  load.  Part 
of  the  power  of  an  engine  is  always  wasted  in 
moving  its  own  machinery,  and  in  can-ying  the 
load  of  fuel  which  its  machinery  requkes.  The 
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more  these  are  economized,  the  more  has  the  en- 
gine to  spare  for  its  proper  work.  In  a  steam- 
boat this  is  especially  note-worthy.  A  steamer 
consuming  some  20  tons  of  coal  per  day  (one  of 
very  moderate-  size  would  do  more),  must,  for  a 
whole  day,  drag  about  this  load,  losing  20  tons 
of  freight  by  it.  If  she  has,  moreover,  to  pass 
across  a  sea,  where  she  cannot  get  supplies 
readily,  she  has  to  take  in  coal  for  her  voyage, 
perhaps  500  tons,  and  as  at  her  starting  she  must 
haul  this  with  her,  she  loses  a  large  amount  of 
freight.  If,  still  further,  she  have  a  longer  pas- 
sage to  perform,  one  of  perhaps  70  days,  as  to 
Australia,  her  load  of  fuel  for  the  journey 
may  become  more  than  she  is  able  to  carrj', 
even  without  any  freight.  She  must,  therefore, 
caiTy  perhaps  only  one-third  of  it,  losing  so 
much  as  one-third  of  her  capacity  for  freight, 
and  requiring  to  turn  in,  probably  much  out  of 
her  way,  twice  for  a  fresh  supply.  Frequently 
there  is  no  place  on  the  route  where  a  good  sup- 
ply of  fuel  can  be  immediately  obtained,  and 
even  when  there  is,  the  time  spent  in  taking  it 
in,  is  a  serious  drawback  to  our  employment  of 
tlie  resources  of  steam  engines  on  long  voyages. 

A  multitude  of  similar  desiderata  might  be 
pointed  out  in  the  steam  engine  r  meanwhile  we 
content  om-selves  with  these  three.  A  good  en- 
gine must  be  at  once  safe,  light,  and  economical 
in  its  consumption  of  fuel. 

Taking,  then,  these  as  the  requirements,  en- 
gineers and  i  mechanicians  have  thought  of  very 
many  ingenious  processes  by  which  they  might 
be  satisfied:  The  physical  philosopher,  con- 
sidering the  whole  character  and  procedure  of  a 
perfect  engine, — wasting  no  heat  in  its  opera- 
tions, not  heating  its  containing  vessels,  losing 
none  by  their  variations,  nor  dissipating  it  in 
smoke  or  waste  steam;  in  fact,  doing  everything 
which  an  engine  that  operates  by  converting  heat 
into  power  (a  thernio  dynamic  engine)  cau  do, 
tells  mechanicians  how  far  they  can  proceed. 
Having  reached  a  certain  point,  they  must  stop. 
Contrivances  of  theirs  may  bring  us  nearer  and 
nearer  to  that  point,  may  make  us  almost  an-ive 
at  it,  but  there  is  a  limit  beyond  which  these 
cannot  lead  us.  (See  Professor  Thomson's  paper 
on  the  Mechanical  Action  of  Heat.  Koyal  So- 
ciety of  Edinburgh.    Transactions,  vol.  xx.) 

Given  the  temperatm-e  of  the  body  by  which 
heat  is  communicated,  and  the  temperature  at 
which  the  used-up  material  is  sent  oft',  tlio 
physicist  can  tell  what  proportion  of  the  whole 
value  of  heat  is  used  in  work,  and  what  propor- 
tion must  be  lost  in  a  perfect  engine. 

We  can  here  aUude  only  veiy  briefly  to  the  con- 
vertibility of  heat  and  work — roferriug  for  a  more 
extended  account  of  it  to  the  article  Heat. 
When  we  lift  a  body  weighing  one  pound  through 
one  vertical  foot  from  its  position,  we  put  forth 
a  certain  definite  effort,  or  do  so  much  work  (in 
this  case,  what  is  called  a  imit  of  work).  When 
we  put  our  hand  out  so  as  to  catch  a  body  movw. 
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i:ig  in  any  direction,  we  also  put  forth  an  effort, 
or  do  so  much  work.  This  effort  of  ours  has 
been  put  forth  to  counteract  the  inertia  of  the 
body  by  which  it  woukl  be  forced  to  go  con- 
stantly on  in  the  same  direction  at  the  same  rate. 
The  body  in  its  motion,  therefore,  is  said  to  put 
forth  effort  to  do  work  also,  and  that  precisely 
equivalent  to  the  effort  required  to  stop  it,  or  the 
work  done  in  so  doing.  Now,  according  to  the 
mechanical  theory  of  heat,  every  heated  body 
is  one  whose  particles  are  in  motion,  more  or 
less  violent,  among  themselves.  Each  particle, 
therefore,  is  doing  a  certain  amount  of  work ;  and, 
adding  all  the  work  of  all  the  particles,  we  get 
a  sum  of  work  done  by  the  whole  heated  body. 

Now,  when  we  have  such  a  body,  it  may  be 
possible,  by  certain  contrivances,  such  as  the 
Steam  Engine,  to  reduce  the  particles  of  matter 
either  to  rest,  or  to  a  much  slower  motion,  by 
transferring  their  motion  to  new  masses  of  matter. 
Thus,  when  a  bullet  shot  off,  strikes  upon  any 
object  not  fixed  steadfastly,  the  bullet  retains 
part  of  its  motion,  and  transfers  part  of  it,  to  the 
new  object.  In  this  case,  the  whole  measureable 
motion  lost  by  the  bullet,  is  not  transferred  to 
the  moveable  mass,  but  a  considerable  part  of  it 
goes  instead,  to  the  production  of  internal  heat 
motion,  in  the  mass  of  the  bullet  and  of  the  body 
struck.  Motion,  therefore — visible  motion — is 
here  converted  into  heat.  So,  conversely,  percep- 
tible heat  can  be  converted  into  visible  motion ; 
as  in  the  steam  engine  the  consumption  of  coal 
gives  rise  to  the  motion  of  the  machine.  An 
exact  equivalence,  capable  of  easy  statement, 
holds  between  these  heat  motions,  and  ordinary 
motions.  The  amount  of  heat  necessary  to  raise 
the  temperature  of  one  pound  of  water  one  Fah- 
renheit degree  from  32°,  is  called  the  thermal 
unit,  and  this  thermal  unit  is  accompanied  by 
thermal  motions,  which  do  as  much  work,  as  is 
done  in  raising  772  poimds  of  any  matter  one 
foot  vertically  from  the  ground. 

The  mechanical  philosopher  comes  now  to  the 
engineer ;  and  finding  how  much  coal  his  engine 
requires,  knowing  the  mechanical  equivalent  of 
a  pound  of  coal — the  amount  of  work  done  by  the 
particles  of  its  mass  moving  among  themselves, 
when  it  is  heated — he  tells  him  what  would  be 
the  total  work  obtainable  from  it,  if  this  Avork 
could  all  be  converted  into  a  palpable  mechanical 
form.  Finding  next  the  temperature  to  which 
he  raises  his  steam,  and  the  temperature  at  which 
the  condenser  is  kept,  he  tells  him  how  great  a 
proportion  of  the  whole  equivalent  of  the  fuel 
expended,  will  be  realized  by  a  perfect  engme 
working  at  these  temperatures. 

The  law  is  expressed  as  follows : — 
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where  w  is  the  actual  work 


done ;  ii  the  number  of  units  of  heat ;  and  j  the 
equivalent  in  units  of  work,  of  one  unit  of  heat, 
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3  and  T  are  the  temperatures  in  centigrade  de- 
grees of  the  source  of  the  steam  issuing  into  tlie 
cylinder,  and  of  the  condenser  respectively. 

Hence,  ,  a  fraction  smaller  than  1,  will  givo 


the  proportion  sought.  Now,  t,  the  temperature 
of  the  condenser,  must  be  kept  in  given  circum- 
stances pretty  nearly  the  same,  and  -  constant 

(  -  =  273-224  by  experiment),   t  is  constant, 

because  the  condenser,  kept  constantly  plunged 
in  cold  water,  which  is  changed  as  quickly  as  it 
becomes  heated  by  the  emitted  steam,  does  not 
permit  the  temperature  to  rise  much  or  rapidly. 
The  only  change,  therefore,  m  the  value  of  these 
proportions  will  arise  from  the  change  of  value 
in  s.  Let  us  see  how  this  will  effect  the  results, 
for  a  perfect  engine : — 
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Here  everything  is  constant  but  the  one  quantity 
s.     As   it   increases  [-  s  increases,  and 

 ?  decreases;  therefore,  1- 


B  ' 


increases 


-  -f  s 

with  the  increase  of  s.  If  s  become  very  great 
indeed,  sensibly  the  whole  possible  mechanical 
equivalent  may  be  obtained.  If  it  be  very  small, 
the  realized  proportion  will  become  very  small 
along  with  it. 

From  which,  it  appears  that  the  increase 
of  the  temperature  of  the  steam  admitted  into  the 
cylinder  secures  an  increase  in  that  duty  (as  it  is 
called)  of  a  perfect  engine,  which  converts  heat 
into  work. 

We  must,  therefore,  necessarily,  when  we  wish 
economy  of  fuel,  work  with  engines  having  the 
steam  admitted  into  them  at  very  high  tem- 
peratures. But  here  we  are  met  by  a  pracliciil 
limit.  If  we  use  steam  at  high  temperatures, 
we  cannot  get  rid  of  its  enormous  expansive 
power;  in  consequence,  probably,  of  the  great 
amount  of  heat  which  it  takes  into  its  mass  and 
retains  as  latent ;  Avhich  heat  while  increasing  the 
expansion,  does  not  raise  the  temperature.  AVith 
high-pressure  engines,  we  must  construct,  thei-e- 
fore,  verj'  strong  boilers,  and  with  such  boilers 
we  shall  never  be  quite  safe  from  innumerable 
accidents ;  while  the  expense  will  be  vastly'  in- 
creased. "We  must  have  the  pressures  not  so 
verj'  high  above  atmospheric,  as  steam  at  even 
150°  centigrade  (302°  Fah.)  would  give  us; 
while,  at  tlie  same  time,  the  temperature  at  this 
])ressure  shall  be  vciy  much  greater  than  150°. 
With  such  a  temperature,  which  is  not  by  any 
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moans  low  for  a  steam  engine,  we  should  have 
^        =  I  nearly,  t  being  con- 


the  proportion 


+  s 


sidered  =  50°  centigrade,  or  122°  Fah.  A  tem- 
perature, at  all  events,  not  far  below  50°,  will 
certainly  obtain  for  t  ;  the  condenser  becoming 
alwavs  somewhat  heated  by  the  admission  of  the 
heate'd  material  from  the  cylinder.  From 
Southern's  experiments  (PhilosoiMcal  Magazine^ 
18-4  7,  part  I.),  we  find  that  the  pressure  of 
steam  at  302°  Fah.  woidd  be  above  4^  atmos- 
pheric ;  and,  this  pressure  from  the  uiside,  only  a 
very  cai-efully  constructed  boiler  could  usually 
sustain  (the  excess  over  the  internal  atmospheric 
pressure  being  above  50  lbs.  per  square  inch) ; 
while  the  least  derangement  of  construction  would 
be  productive  of  very  dangerous  explosions. 

We  have  liere  then  a  want — that  the  tem- 
perature of  the  heated  mass— the  source — be  raised 
as  high  as  possible ;  and  a  difficulty, — that  if  we 
raise  it  to  any  height  above  300°  Fahrenheit  de- 
grees, we  shall  meet  with  practical  diflBculties  of 
the  most  alarming  kind.  These  are,  moreover, 
inseparable  from  the  use  of  steam. 

This  circumstance  has  urged  the  attention  of 
mechanicians  to  heated  air  as  a  moving  power. 
The  advantage  of  employing  it, — should  mechan- 
ical difficulties  of  construction  be  surmounted, — 
will  be  at  once  evident  from  this  fact,  that  the 
same  pressure  at  which  steam  has  a  temperature 
about  300°  Fah.,  gives  a  temperature  about 
1700°  Fah.  to  heated  air. 

The  most  recent  investigations  on  which  reli- 
ance can  be  placed,  are  contained  in  a  paper 
read  by  Mr.  Joule  of  Manchester,  before  the 
Royal  Society  (Philosophical  Transactions  of  the 
Royal  Society,  1852,  vol.  i.),  to  which,  for  a 
fuller  treatment  of  the  subject,  we  refer.  We 
proceed  to  detail  the  principal  steps  of  his  pro- 
cess, and  the  results  at  which  he  has  arrived. 

He  considers  the  Air  Engine,  in  its  simplest 
possible  form ;  supposing  that  all  such  practical 
difficulties  as  the  loss  of  heat  by  radiation  from 
the  heated  air  vessels,  &c.,  are  got  over.  His 
theoretical  Air  Engine  is  an  apparatus  consisting 
of  two  separate  cylinders,  each  communicating 
by  valves  -vnth  a  receiver. 


In  one  of  these  cylinders  a  volume  of  air  is 
compressed,   increasing,   equally  therefore,'  in 
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temperature  and  in  pressure,  since  the  ap- 
paratus loses  no  heat  to  the  surrounding  air. 
Suppose  the  process  to  have  gone  on  for  some 
time,  the  receiver  being  opened,  its  valve  open- 
ing inwards,  communicating  with  the  conden- 
sing cylinder,  being  driven  in  at  each  succes- 
sive descent,  and  then  shut  by  the  pressure  of 
the  air  just  admitted,  when  the  piston  of  this 
condensing  cylinder  is  drawn  up.  A  valve  in 
this  piston,  also  pressed  inwards,  admits  common 
air  when  it  has  been  drawn  up,  and  shuts  again, 
when  a  new  compression  commences.  Suppose, 
then,  the  receiver  filled  with  air  above  the  ordi- 
nary temperature  and  pressure  (heat  being  all 
this  time  applied  to  the  receiver).  We  shall 
have  this  confined  air  opening  a  valve  which 
goes  outward  from  the  receiver,  and  entering  be- 
neath the  piston  of  an  expanding  cylinder  driv- 
ing it  up.  Now,  there  is  a  certain  amount  of 
air  driven  in,  compressing  the  air  in  the  condens- 
ing cylinder.  When  an  equal  amount  of  air  has 
been  given  oiF  with  the  receiver,  the  valve  open- 
ing into  that  cylinder  shuts.  This  is  managed 
by  an  arrangement  of  the  weight  of  the  valve. 
The  air  in  the  receiver,  so  expanding  as  it  does 
wlien  this  valve  is  open,  gets  more  room,  and 
presses  less  upon  any  vessel  enclosing  it.  Then 
as  the  valve  is  made  somewhat  heavy,  it  shuts 
by  its  own  gravity — the  moment  that  the  air  has 
lost  the  elastic  force  which  counterbalanced  this 
gi-avity  and  drove  the  valve  open. 

At  this  point  there  is  no  material  advantage 
gained,  upon  the  whole.  The  ascending  piston 
might  be  made,  through  that  part  of  its  ascent 
which  it  has  now  performed,  to  do  the  same 
work  nearly  that  was  required  to  push  down  the 
descending  one.  The  air,  however,  at  this  time, 
in  the  expanding  cylinder,  is  stiU  hotter,  and 
presses  more  powerfully  on  the  sides  conse- 
quently, than  common  air.  The  piston  is  accord- 
ingly still  pushed  upwards,  and  m&j,  in  doing 
so,  be  made  to  work  an  engine.  By  another 
valve,  when  this  operation  has  been  carried  far 
enough,  the  piston  is  allowed  to  resume  its  ori- 
ginal place,  and  to  be  again  pushed  up  by  a  new 
rush  of  air  from  the  cylinder. 

The  process  employed  in  Mr.  Joule's  experi- 
ments is  this : — The  receiver  is  filled  with  air 
at  atmospheric  density,  which  is  heated  to  a 
moderately  high  temperature  (390°'464  Fahr.) 
At  this  temperature  the  air  in  the  receiver,  being 
kept  in  constant  volume,  presses  against  the  sides 
of  the  receiver  with  considerable  force  (25*95  lbs. 
per  square  inch).  When  the  piston,  which  has  to 
descend  through  12  inches,  has  passed  through  a 
part  of  its  stroke  (4  inches),  the  pressure  is  the 
same  as  that  of  the  air  in  the  receiver.  The 
air  is,  however,  at  a  nuich  lower  temperature 
(107°-31  Fahr.),  because  it  is  not  kept  at  con- 
stant volume,  but  compressed.  The  valve  then 
opens  into  the  receiver.  During  this  part  of  the 
process,  tlic  air  had  opposed  a  continually  in- 
creasing resistance  to  the  downward  motion. 
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During  the  remainder  of  the  descent,  if  the 
receiver  be  pretty  large  compared  with  the  cyhn- 
der,  it  will  remain  what  it  is  at  the  end  of  this. 
Tlie  fact  of  the  whole  body  of  air  contained  m 
the  cylinder  and  in  the  receiver  being  compressed 
into  one  space  may  be  disregarded  if  it  be  so. 
The  heat  then  applied  to  the  air  in  tlie  receiver 
increases  its  temperature  and  its  volume,  and 
drives  open  the  valve,  and  makes  the  second 
piston  ascend.  Here,  also,  the  fact  of  the  air 
contained  in  the  receiver  expanding  througli 
part  of  the  cylinder  mitil  the  original  work  spent 
be  regained,  can  be  considered  as  producing  no 
material  change  upon  the  pressure.  When  the 
valve  closes  at  the  moment  it  is  completed,  and 
the  communication  between  the  cylinder  and  the 
receiver  is  closed,  the  air  in  the  cylinder  alone 
expands,  and  is  reduced  to  the  atmospheric 
pressure. 

In  order  to  show  how  the  calculation  can  be 
effected  upon  which  depends  the  excellence  of 
such  an  air  engine,  we  will  quote  an  example 
given  by  Mr.  Joule.  For  the  mathematical 
principles  upon  which  his  calcidations  are  founded, 
we  must  refer  to  his  paper. 

He  has  a  condensing  cylinder  12  inches  long, 
and  with  a  sectional  area  of  one  square  inch. 
The  area  of  the  section  of  the  exhausting  cylinder 
is  the  same.  He  commences  with  air  of  the  den- 
sity of  the  atmospliere  in  the  receiver,  having  a 
temperature  of  390°-464  Fahr.  According  to 
the  gaseous  laws,  the  pressure  at  this  tempera- 
ture wiU  be  (supposing  that  of  atmospheric  air 
to  be  15  lbs.  per  square  inch,)  25  95104  lbs. 
per  square  inch.  The  piston  will  requu-e  to 
be  Avrought  through  one-third  of  its  stroke 
(4  inches)  before  the  air  reaches  this  pres- 
sure. At  this  point  the  temperatm-e  wiU  be 
107°-3094,  and  the  work  which  wiU  have  to  be 
done  would  be  sufficient  to  drive  6-537154  lbs. 
through  one  foot  of  space.  The  atmosphere, 
however,  has  operated  upon  the  square  incli  of 
area  of  the  piston,  with  a  force  of  15  lbs.  through 
4  inches  of  space.  There  is,  therefore,  due  to  it 
force  sufficient  to  drive  5  lbs.  through  1  foot. 
Hence  the  effective  worlc  done  by  tlie  engine, 
absorbed  in  this  part  of  the  process,  is  1-537154. 
During  the  remainder  of  the  stroke,  there  is  a 
pressure  of  25-95104  lbs.,  acting  on  a  square 
inch  tin-ough  -x'Vths  of  a  foot,  and  of  this  pres- 
sure 15  lbs.  acting  similarly  is  balanced  by 
the  atmospheric  pressiu-e.    We  have,  therefore, 

(25-95104— 15)  =  7-300693  foot  lbs.  as  the 
amount  of  work  done  in  this  part  of  the  process 
by  the  engine.  In  the  expanding  cylinder,  again, 
as  the  process  goes  on,  until  as  much  air  has 
been  let  out  as  came  into  the  cylinder,  we  have, 
in  that  part  of  it  where  there  is  emission  from 
the  receiver,  a  passage  of  air  through  12  inches, 
with  a  pressure  of  25-95104  lbs.  resisted  hy  an 
atmospheric  pressure  of  15  lbs.,  and  giving  off 
thus  10-95104  ft.  lbs.  of  work.  The  communi- 
cation being  now  cut  off,  the  au:  expands  until 
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it  reaches  the  pressure  15  lbs.  As  it  was  re- 
quired to  compress  the  volume  of  air  in  the  con- 
densmg  cylinder  to  two-thirds  of  its  original 
bulk,  in  order  to  increase  the  pressure  from  15 
to  25-95104,  it  will  be  necessary,  inversely,  to 
expand  it  to  three  lialves  of  its  bulk,  in  order  to 
bring  it  from  the  latter  pressure  to  the  former. 
The  air  -will  accordingly  expand  after  the  com- 
munication has  been  cut  off,  tlirough  6  inches, 
and  the  effective  work  will  clearly  be  f  (1-537154) 
=  2-305731.  Hence  the  work  given  off,  m  the 
whole  course  of  the  operations,  will  be  10-95104  4- 
2-305731  — 7-300693  —1-537154  =  4-418924 
ft.  lbs. 

Now,  in  order  to  find  whether  the  engine  be 
economical,  we  must  consider  wliat  has  been  ex- 
pended to  attain  this  result.  The  only  source  of 
expenditure  is,  then,  the  heat  required  to  raise 
the  temperature  (107°-3094  Fahr.)  of  the  eight 
cubic  inches  of  air,  at  the  constant  pressure  al- 
ready stated,  up  to  390°-464.  AYe  find,  then, 
that  the  heat  required  to  do  so  would  raise  1  lb, 
of  water  0°-043043  Fahr.,  and,  therefore,  divid- 
ing 4-418924  by  this,  we  obtam  the  number  of 
ft.  lbs.  of  work  obtained  from  every  amount  of 
heat  capable  of  raismg  1  lb.  of  water  1°  Fahr. 
In  this  case  we  shall  have  102-66276  ft.  lbs. 

But,  the  theoretical  maximum,  when  all  the 
heat  employed  is  made  full  use  of,  and  none  of  it 
wasted  (as  in  this  case  the  air  is  let  oft' from  the  ex- 
hausting cyluuler,  at  237°-5Fahr.),  is  772  ft.  lbs. 
for  every  amount  of  heat  capable  of  raismg  1  lb.  of 
water  from  0°  to  1°  Fahr.  In  a  perfect  steam 
engine  (free,  as  we  imagine  this  engine  to  be, 
from  all  loss  of  heat  by  radiation  to  the  sur- 
rounding bodies,  or  conduction  through  the  ves- 
sels composing  it),  where  steam  at  284°  Fahr. 
is  employed,  which  is  about  as  high  as  it  can 
safely  be  used  at,  209  ft.  lbs.  of  the  772  may  be 
thus  brought  up,  or  converted  into  work. 

If,  however,  w-e  keep  the  temperature  and 
pressure  of  the  air  in  the  receiver  very  mucli 
higher  than  what  we  have  supposed,  we  shall 
obtam  more  favourable  results.  Thus,  if  we 
have  a  pressure  of  70-60445  in  the  receiver,  the 
piston  would  require  to  pass  through  8  inches  of 
its  stroke  in  order  that  this  may  be  reached.  If 
the  air  be,  further,  of  double  the  ordinary  den- 
sity, its  temperature  wUl  be  706°-559,  that  of 
the  air  forced  mto  the  pump  will  be  at  the  same 
pressure,  and  with  temperature  31l°-3732.  The 
temperature  of  the  air  escaping  into  the  atmos- 
phere will  be  277°-5,  and  the  amount  of  Avork 
obtained  will  be  279-9628.  None  of  these  tem- 
peratures or  i)ressures  are  such  tliat  they  could 
not  be  borne  by  Avell-constructed  vessels. 

Considerable  practical  difficulties,  however, 
stand  in  the  way,  but  the  results  already  at- 
tained warrant  a  confident  hope  tliat  air  engines 
may  yet  be  brouglit  into  favourable  competition 
with  steam  engines,  and  may  perhaps  supersede 
them. 

Jlr.  Joule  suggests  the  following  remarks  to 
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!  those  who  may  be  desirous  of  constructing  a 

,  good  air  engine : — 

The  receiver  need  not  be  mnch  larger  than 
either  cylinder.  In  the  practical  engine,  tlie 
exhausting  valve  opens  just  as  the  valve  opens 
from  the  receiver  to  the  condensing  cylinder. 
Hence  the  volume  is  kept  sensibly  equal  to  that 
in  the  receiver  originally,  and  the  pressure,  there- 
fore, is  sensibly  the  same.  A  coil  of  pipe  might 
form  the  most  convenient  receiver,  as  having  a 
constant  heat  most  readily  applied  to  it,  so  as  to 
maintain  the  air  within  at  a  uniform  temperatm-e. 
If  this  be  secured,  the  air  engine  would  act 
regularly. 

The  ordinary  methods,  described  more  fully  in 
':the  article  on  the  Steam  Engine,  would  require 
to  be  adopted  in  order  to  transfer  the  work  from 
the  cylinder  and  piston  rod  to  the  weights  to  be 
■moved,  and  in  order  to  secure  the  opening  of  the 
two  valves,  as  just  described,  simultaneously. 

Air  Crun.  An  instrument  in  which  the  elastic 
force  of  compressed  air  is  made  use  of  as  the  mov- 
ing power.  AVe  give  a  representation  of  a  section 
:of  the  common  air  gun  in  that  figm-e  below.  There 


•are  two  cavities  in  the  gun.  The  one  is  closed 
:at  both  ends,  by  a  plate  and  a  moveable  pis- 
ton, and  opening  into  the  other  by  a  valve, 
which  is  moved  by  the  trigger,  and  which  is 
placed  immediately  behind  the  bullet,  k,  in  the 
open  baiTel.  The  piston  is  so  constructed  that  it 
can  be  opened  and  fresh  an-  supplied,  when  the 
air  first  used  has  become  exhausted.  The  piston  is 
then  pushed  upwards,  and  the  air  in  the  barrel 
is  condensed.  If  the  cavity  in  the  stock  of 
the  gun  be  very  large  compared  with  the  passage 
beside  the  barrel,  a  very  high  degree  of  conden- 
sation may  be  obtained  by  the  expenditure  of  all 
our  strength.  The  ti-igger  is  then  touched,  and 
the  air  entering  behind  it  expands  violently,  driv- 
ing the  bullet  before  it.  The  trigger  is  then  left 
free,  and  recoils,  closing  the  valve,  and  leaving 
the  air  somewhat  less  condensed  than  before.  A 
considerable  number  of  shots  may  be  discharged, 
however,  with  the  same  air,  if  the  condensation 
has  been  very  great  at  first.  The  velocity  which 
the  an-  gun  gives  a  bullet,  depends  of  course  upon 
the  degree  of  condensation.  When  the  air  has 
been  condensed  into  about  ^Ajth  of  its  bulk,  the 
velocity  will  be  about  half  that  produced  by  gun- 
powder. This  is,  however,  a  very  high  degree  of 
condensation.  The  air  gun  is  too  expensive  for 
ordmary  use.  The  least  defect  in  the  fitting  of 
the  condensmg  piston,  or  in  the  construction  of 
the  cylinders,  would  render  it  useless.  In  war, 
toe,  the  force  which  one  using  it  requires  to  ex- 
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pend,  IS  a  serious  practical  object'oa  to  its  general 
adoption.  It  might,  perhaps,  be  readily  charged 
hy  small  steam  engines  kept  constantly  working. 
The  invention  of  it  is  ascribed  to  Ctesibius,  who 
lived  in  Alexandria,  B.C.  120.  His  instrument 
is  described  as  liaving  discharged  arrows  by  the 
elastic  force  of  condensed  air.  Marin,  a  native 
of  Lisieux,  in  France,  revived  the  invention  in 
modern  times,  and  presented  one  to  tlie  reigning 
sovereign,  Henry  IV.  Instead  of  a  simple  piston, 
a  condensing  syringe  is  employed  practically, 
which,  with  much  less  waste  of  space,  produces 
greater  condensation.    See  Aie  Pump. 

Air  Pump,  is  an  instrument  for  extracting 
the  air  from  a  vessel.  We  shall  explain  along 
with  it  an  instrument  for  condensing  air  into  a 
vessel,  depending  upon  the  same  principles,  and 
called  the  condensing  sijringe,  as  the  air  pump  is 
the  exliausting  syringe.  Fig.  1  represents  the 
former,  and  fig.  2  the  latter,  instrument.  The 


Fig.  1.  Fig.  2. 


bulb,  o,  in  either  case,  is  the  vessel,  the  air  of 
which  is  to  be  m-ought  upon.  The  valves,  b  and 
A,  open  upward  in  fig.  2,  and  downward  in  fig. 
1.  Suppose,  then,  in  fig.  2,  the  piston  raised 
from  the  bottom  to  the  top  of  the  tube.  As  there 
has  been  no  air  in  the  tube,  it  rushes  thi-ough  b 
and  fills  the  whole  space.  It  loses,  however,  in 
pressure,  and  is  consequently  unable  to  lift  the 
valve,  A.  After  it  has  risen  to'the  top,  the  valves, 
A  and  B,  dose.  Now,  push  the  piston  do-\vnwards, 
the  downward  pressure  upon  b  is  increased,  but 
it  only  opens  upward,  and  the  air  in  the  vessel, 
therefore,  is  not  disturbed  during  the  downward 
motion  of  the  piston,  but  remains  at  the  same 
pressure  as  the  whole  air  in  the  machine  after  the 
first  operation.  There  is,  however,  powerful  com- 
pression of  the  air  in  the  tube  produced  in  the 
descent,  and  when  the  pressure  becomes  sufiiciently 
great,  the  valve,  a,  is  lifted  and  the  air  escapes. 
Let  us  suppose  the  vessel  to  be  3  times  tlie  size 
of  the  tube,  and  examine  what  the  result  of  these 
processes  will  now  be.  At  the  end  of  the  first, 
the  air  has  expanded  to  ^  of  its  original  bulk, 
and  so  \  of  it  is  contained  in  the  tube,  and  |-  in 
the  vessel.  At  the  end  of  the  second  process  this 
\  is  expelled,  and  the  |  remains.  When  another 
pair  of  similar  processes  were  completed,  we  should 
have  I  of  %  remaining.  After  five  pairs  we  should 
have  ^jjWi  or  about  \  remammg :  and  by  con- 
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tinning  the  process  we  should  succeed  in  reducing 
the  air  remaining  witliiu  to  any  fraction,  however 
small,  of  the  original  quantity.    The  rapidity  of 
tlie  process  will  depend,  if  the  workmanship  of 
the  instrument  be  perfect,  upon  the  tube  bearing 
a  large  proportion  to  the  vessel  to  be  exhausted. 
One  practical  difficulty  is  thus  remedied.  When 
the  fraction  of  the  original  quantity  of  air  left  in 
the  tube  becomes  very  small,  its  pressure  has  be- 
come reduced  in  the  same  proportion.    In  con- 
sequence, when  we  raise  the  piston  from  b  to  a, 
the  air,  having  lost  its  elastic  power,  comes  to  be 
unable  to  lift  the  valve,  b,  and  no  further  exhaus- 
tion would  be  possible.    In  fact,  if  there  were 
left  xo^th  of  the  original,  the  pressure  would 
T^th  of  14 •?  lbs.  per  square  inch.  Suppose 
the  valve,  then,  to  be  3  oz.  weight,  and  1  square 
inch  in  surface,  there  will  be  a  downward  force 
of  3  oz.,  besides  a  slight  cohesive  and  frictional 
force,  opposing  an  upward  force  of  -i^  X  16  oz. 
=  2-352  oz.,  and  the  valve  would  consequently 
remain  at  rest.    To  obviate  this,  a  string  passes 
from  the  one  end  of  the  piston  to  this  valve, 
so  long  as  to  become  tightened  just  before  the 
piston  reaches  the  top,  so  as  to  open  the  valve, 
however  small  the  upward  elastic  pressure  of  the 
air  may  be.  The  condensing  sja-inge  works  thus : — 
Let  tlie  piston  be  pushed  down.    Then,  as  the 
air  will  rush  outward,  the  valve,  a,  will  be  pushed 
up,  and  the  whole  content  of  the  tube  pushed  into 
the  vessel.    In  this  state  the  pressure  upon  b, 
when  it  closes,  upon  the  restoring  of  equilibrium 
will  be,  in  the  case  we  have  supposed,  f  tlie  ori- 
ginal pressure,  and  will,  therefore,  keep  it  easily 
closed  against  the  air.   AVhen  the  piston  rises,  as 
there  is  no  au*  between  a  and  b,  the  tube  will  be 
refilled  with  common  air.   ^Vhen  Ave  push  down 
the  piston  again  the  same  process  will  be  repeated, 
but  the  valve,  a,  will  not  open  until  the  piston  has 
gone  through  ^  of  its  stroke,  because  then  the 
])ressure  will  be  just  equal  above  it  and  below  it. 
There  will  be  then  g-  more  pushed  in,  and  the 
process  may  be  continued  as  far  as  we  choose. 
Lattei  1}',  the  work  of  pushing  the  piston  down  -will 
become  very  great,  and  so  much  the  sooner  the 
larger  the  proportion  is  which  the  contents  of  the 
tube  bears  to  those  of  the  cylinder.    Here  the 
condensation  increases  aritlimetically,  1  -|-  i  -|- 
^  -)-     &c.,  representing  the  results  of  each  suc- 
cessive pair  of  strokes;  in  the  case  of  the  ex- 
hausting syringe,  the  progression  is  geometrical 
_  (1  X  I  X  I  X  f,  &c). 
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We  engrave  the  common 
communicates  from  the  bottom  of  the  plate  with 


The  methods  by  whicli 
tlie  practical  difficul- 
ties of  tlie  mechanism 
are  overcome,  and  by 
which  the  instrument 
is  made  capable  of 
more  extended  prac- 
tical applications,  need 
not  be  recounted  here, 
air  pump.    A  tube 
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one  or  two  exhausting  syringes,  a  and  d,  the  pis- 
tons of  which  are  wrought  by  rack- work,  moved 
by  the  turning  of  a  handle.  Sometimes  a 
barometer  is  placed  inside  to  serve  as  a 
gauge  of  the  degree  of  exhaustion.  Torricelli 
made  the  first  vacuum,  but  Otto  Guericke  first 
constructed  an  air  pump,  which  he  exhibited 
publicly  at  Ratisbon  (1654,  a.d.).  Boyle, 
Hauksbee,  Gravesande,  Smeaton,  and  others, 
have  improved  upon  his  model  by  adding  rack- 
work,  putting  two  syringes  for  one,  &c  The 
principle  has  remained  constantly  the  same 

Alenibert  D',  Principle  of.  To  the  illustrious 
Frenchman,  whose  name  this  principle  bears,  be- 
longs the  unquestioned  honour  of  placing  the 
science  of  Djmamics  on  a  basis  sufficiently  broad 
for  all  possible  requirements.    Previous  to  his 
time,  Dynamical  problems  were  not  resolvable  by 
anj-^  general  method ;  each  class  of  problems  re- 
quirmg  the  aid  of  some  special  theorem  or  method 
applicable  to  that  class  alone ; — in  many  cases,  in- 
deed, the  method  had  to  be  found  for  the  particular 
problem.  D'Alembert  conferred  on  Rational  Me- 
chanics the  inestimable  boon  of  a  method  appli- 
cable to  every  form  oi  investigation ;  and,  what  was 
more,  he  practically  reduced  Dynamical  problems 
to  mere  Statical  ones.   His  principle  has  the  fur- 
ther advantage  of  being  easily  explained.  Sup- 
pose a  number  of  bodies  connected  by  a  system  of 
forces,  it  will  always  be  easy  to  detect  the  positions 
that  -will  be  occupied  by  the  bodies,  at  the  end  of 
the  next  moment  of  time,  or  the  spaces  which 
they  will  all  pass  through,  during  the  next  mo- 
ment, supposing  the  sj'stem  to  continue  in  action. 
But  it  will  also  be  easy  to  detect  the  spaces  through 
which  they  woidd  pass  during  the  same  moment, 
were  the  system  or  the  connection  suddenly  brokea 
up.    Compare,  then,  these  two  sets  of  spaces, 
viz. :  the  spaces  through  which  they  will  actually 
pass,  and  the  spaces  through  which  thej'  would 
pass  if  Jree.    By  the  theorem  of  the  composition 
of  fo7-ces,  the  former  spaces  may  be  resolved  into 
the  latter  spaces,  and  a  third  set  of  spaces.  But 
this  third  set  indicates  the  motions  destroyed  be- 
cause of  the  connection  of  the  bodies,  or  "because 
they  act  and  react  on  each  other,  through  a  Sj^- 
tem.  And,  as  action  and  reaction  are  always  equal 
within  a  system ;  it  follows  tliat  the  sum  of  the 
quantities  of  motion  annihilated  must  be  equal  to 
0 ;  in  other  words,  that  what  one  set  of  the  bodies 
have  gained,  another  set  will  have  lost    So  that 
we  have  an  Equation  of  equilibrium,  v.-hich, 
rightly  treated,  will  unfold  the  characteristics  of 
the  system  of  Forces  under  consideration.    La  ' 
Grange  at  once  recognized  the  signal  value  of  this 
Principle  of  D'Alembert,  and  made  it  the  basis 
of  his  methods  in  the  Mecaniquc  Anahjtiipie. 

Alscbra,  taken  in  its  full  generality,  is  now 
the  most  potent  arm  of  Mathematical  Science. 
As  with  all  great  powei-s,  the  efficacy  and  extra- 
ordinary grasp  of  Algebra,  were  not  suspected 
during  its  inde  beginnings ;  nor  does  it  seem  im- 
probaljle  that  its  capabilities  as  a  help  in  the  pursuit 


2G 


ALG 

f  Truth,  are  as  yet  but  very  partially  know. 
\  s  imported  from  the  East  by  the  Pisan  Mer- 
,hant  Leonardo,  about  the  year  1200,  it  was 
nierel)'  a  contrivance  to  save  trouble — a  sort  of 
short-hand  writing,  applied  to  the  solution  of 
Arithmetical  problems  :  it  has  already  passed  far 
bevoud  that,  having  grown  into  an  instrument  by 
\vhich  we  can  disentangle  the  most  complex  rela- 
tions of  Quantity,  Form  and  Force;  and  determine 
the  effects  of  their  most  complex  combinations: 
irin  future  times,  it  may  ascend  into  an  Organ  of 
ITJniversal  Logic,  and  enable  us,  with  an  equal 
r^power,  to  disentangle  the  more  subtle  processes  of 
TThought.  In  illustration  of  the  bearing  of  this 
jjiatter  remark,  the  student  is  referred  to  the  recent 
works  of  Mr.  Boole.  Of  a  subject  like  Algebra, 
nyre  can  give  little  account  in  this  Dictionary :  it 
vvnll  be  enough  to  advert,  under  three  heads,  to 
lithe  leading  phases  under  which,  as  an  abstract 
sscience,  it  at  present  appears. 

(1.)  Arithmetical  Algebra.  This  compre- 
h tends  the  whole  of  the  original  Algebra,  as  known 
tito  the  Hindoos,  the  Arabs,  or  to  Diophantus 
VYieta  or  Cardan.  It  is  simply  what  Newton 
c:called  it — Arithmetica  Universalis ;  and  its  arti- 
n  fices  are  as  follows  : — to  denote  the  ordinary 
.\  Arithmetical  operations,  symbols  of  operation  such 
las  -|-,  — ,  X)  -r-)  •■  V 1  '^'^•i  ^'"^  employed :  instead 
oof  known  or  fixed  numbers,  the  Algebraist  uses 
iileiters,  such  as  a,  6,  c,  &e.  ^  and  for  quantities 
nreaUy  determined,  through  their  relations  with 
>  others,  but  whose  explicit  value  has  not  been  actu- 
lally  worked  out,  he  employs  the  letters  x,  y,  z,  &c. 
TThe  reasoning  on  which  the  Arithmetical  Algebra- 
L-ist  adventures,  is  of  course  purely  Arithmetical; 
tlthat  is  to  say,  he  can  admit  nothing  either  in 
operation  or  result,  which  cannot  be  predicated  of 
f  pure  numbers.  His  art,  however,  gives  him  the 
i  immeasurable  advantage  of  reasoning  and  deter- 
n  mining  generally,  instead  of  requiring  to  do  so 
for  every  special  case;  general  theorems  concern- 
ing number  can  thus  be  formed,  and  laws  laid 
down  for  the  easy  treatment  of  whole  classes  of 
problems.  Included  within  arithmetical  algebra, 
we  have  the  solution  of  Numerical  ^Jg«a<io?7s,  the 
doctrine  of  Pem«^a<zows  and  Combinations,  and  of 
Chances,  and  the  Diophantine  Analysis  in  its 
largest  extent : — q.  v. 

(2.)  Symbolical  Algebra. — A  vast  extension 
of  the  primarj'  algebra ;  one  whose  methods  and 
results  were  accepted,  long  before  it  was  felt  neces- 
sary to  revise  and  reconstruct  its  logic  and  foun- 
dations. In  this — the  true  modern  algebra — the 
symbols  of  operation  are  considered  no  longer 
representatives  of  definite  arithmetical  processes ; 
they  are  s\-mbols  of  operation,  defined  merely  by 
their  relations  to  each  otlier.  For  instance,  -\-  and 
—  are  merely  two  symbols  oi  inverse  operations ; 
X  and  are  also  eacii  other's  reciprocals,  or  in- 
verses ;  while  -|-  and  X  are  cc^nnected  by  a  general 
relation,  suggested  by  the  relation  between  addi- 
tion and  multiplication,  and  inclusive  of  it. 
Viewed  from  a  point  of  view  so  abstract,  all  those 
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symbols  whose  occurrence  and  employment  ia 
arithmetical  algebras  were  sources  of  ever-recur- 
ring puzzle  and  vexation,  (such  as  negative 
quantities,  numbers  less  tlian  nothing,  and  tliose 
curious  imaginary  quantities,  as  they  were  fitly 
termed),  take  on  intelligible  and  important 
meanings,  and  become  symbols  of  actual  and 
rational  processes.  The  student  will  learn  much 
concerning  the  value  of  the  change  now  referred 
to,  even  in  this  limited  respect,  from  the  second 
volume  of  Dr.  Peacock's  admirable  treatise  on 
algebra ;  nor  can  it  require  to  be  more  than 
hinted,  that,  under  cover  of  this  general  idea, 
other  signs  of  relation — signs,  adequate  in  num- 
ber and  signiticance,  to  all  possible  relations  of 
things  and  thoughts — may  become  definite  logical 
signs  in  an  Universal  Symbolical  Algebra.  As  to 
the  old  symbols  or  representatives  of  number, 
these  may  of  course  be  made  representative  of 
any  definite  thing  or  idea,  known  or  knowable, 
through  its  fixed  relations  with  others.  Already 
algebraic  science  teems  with  hints  of  what  its 
fabric  will  one  day  become, — not  the  least  im- 
portant, being  those  tendencies  towards  a  pure 
Calculus  of  Operations,  which  one  easily  detects 
through  all  its  more  daring  generalizations. 
The  following  divisions  of  what  is  commonly 
called  algebra,  cannot  be  treated  logically,  unless 
on  the  basis  of  this  extension  of  the  meaning  of 
symbols : — the  theory  of  indices,  including  so- 
called  imaginary  expressions ;  the  general  theory 
of  equations;  the  arithmetic  of  sines;  exponential 
quantities ;  series  and  development  in  general.  The 
entire  application  of  Algebra  to  Geometry  veposes 
on  an  extension  of  the  meaning  of  the  ordinary 
symbols:  something  on  this  subject  will  be  found 
imder  Quaternions.  , 

(3.)  Algebra,  Double,  Triple. — Terms  applied 
to  those  important  extensions  of  sj'mbolical  al- 
gebra, which  promise  to  enable  it  to  cope  more 
directly  and  easily  with  problems  concerning 
space  of  two  or  three  dimensions.  For  all  that 
we  can  say  on  the  subject  see  Geometry  Sysi- 
BOMCAL.  The  student  is  especially  referred 
to  a  remarkable  treatise  on  Double  Algebra,  by 
Professor  De  Morgan. 

Algebraic  Geomefry.  See  Geometry 
Analytical. 

Algebra,  the  Modern.    See  Poi,yxome. 

AliiiQKle  in  Astronomy  is  the  arc  of  the  great 
circle  passing  through  the  zenith,  intercepted 
between  the  object  and  the  horizon. 

AUitiicIc  ami  Aziiiiiitli  Inslrumcut. — 
An  instrument  that  has  played  an  important  part 
in  practical  astronomy,  and  which,  although 
superseded  to  a  large  extent  by  the  use  of  Meri- 
dional Instruments,  has  recently  been  restored  to 
our  great  Observatories,  under  several  forms,  most 
recently  and  perhaps  most  effectually  at  Green- 
^vich,  by  tlie  counsel  and  under  the  especial  care 
of  .Mr.  Airy.  The  general  character  of  an  alti- 
tude and  "azimuth  iiistrumcnt  is  this First, 
there  is  a  horizontal  circle  finely  di\ided  aud 
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supposed  to  be  planted  perfectly  hoiizontallj', 
and  so  that  the  zero  point  of  its  divisions  coincide 
with  the  meridian  line,  or  with  the  exact  south. 
If  this  circle  is  not  perfectly  horizontal,  or  if  the 
zero  point  of  its  divisions  does  not  coincide  with 
the  exact  south  point,  the  indications  of  the  ui- 
strument,  in  so  far  as  this  portion  of  it  is  con- 
cerned, will  be  erroneous;  but  as  careful  testing 
can  find  out  that  exact  amount  of  error  in  either 
particidar,  which  remains  after  mechanical  ad'- 
justment  has  done  its  utmost,  the  coii'eciion 
required  to  be  applied  to  every  individual  obser- 
vation may  be  deduced,  and  the  observation 
thus  rendered  as  good,  as  if  the  instrument  had 
been  perfect.  From  the  centre  of  the  horizontal 
circle  an  upright  pillar  arises,  which  ought  to 
be  perfectly  perpendicular  to  the  plane  of  that 
circle ;  and  to  the  side  of  this  pillar  is  attached 
a  vertical  circle,  to  which  the  telescope  belongs, 
througli  whose  optical  axis  the  observer  discovers 
the  star  he  desires  to  Jix.  By  the  theory  of  the 
instrument,  this  vertical  circle,  in  \vhatever  way 
it  is  turned— as  the  pillar  to  which  it  is  attached 
moves  round— ought  to  be  perpendicular  to  the 
horizontal  circle ;  and  the  zero  point  of  its  divi- 
sion should  coincide -^with  the  absolutely  hori- 
zontal or  the  absolutely  just  zenith  point.  These 
requisitions  never  being  exactly  fulfilled  by 
mechanism,  corrections  must  be  applied  here 
also ;  so  that  the  accurate  use  of  the  instrument 
is  by  no  means  an  easy  task.  Something 
further  on  this  subject  ^vill  be  found  under 
Corrections  ;  and  fui-ther  still  under  Circle. 
The  importance  of  the  instrument  consists 
in  this : — observations  can  be  made  by  means 
of  it,  much  oftener  than  is  possible  by  instru- 
ments which  are  confined  to  the  meridian; 
a  quality  of  great  moment,  in  the  case  especially 
of  comets,  whose  apparition  is  so  evanescent,  and 
which,  in  uncertain  weather  cannot  be  often 
seen  on  the  meridian.  Its  inferiority  to  meri- 
dian instruments,  is  owing  to  its  comparative 
complicacy ;  but  this  has  been  got  over  to  a 
marvellous  extent  by  the  skill  of  our  famous 
workmen,  as  well  as  by  aid  of  the  theory  of  cor- 
rections. The  most  celebrated  Altitude  and 
Azimuth  instruments  are  the  great  ones  by 
Eamsden  ;  the  Westbury  Altitude  and  Azi- 
muth instrument  b}'  Troughton ;  the  great 
vertical  Circle  of  Ertel ;  and  last,  and  perhaps 
best  of  all,  the  instrument  just  alluded  to,  recently 
erected  at  Greenwich.  Among  the  many  reforms 
carried  out  so  vigorously  by  Mr.  Airy  in  the 
instrumental  department  of  thatgreat  Institution, 
this  is  not  the  least:  he  has  attempted  in  the 
first  place  to  exhaust  all  that  mechanism  can  do 
on  behalf  of  the  solidity — the  firmness,  of  astrono- 
mical instruments  and  their  adjustments.  We  shall 
require  to  advert  to  this  subject  again  under 
CiucLB ;  but  probably  the  triumph  of  the  As- 
tronomer Royal  has  been  nowhere  more  decided 
than  in  the  case  of  the  instrument  now  more 
especially  referred  to.  A  sketch  of  it  is  subjoined ; 
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the  instructed  eye  will  immediately  seize  the 
significance  and  relations  of  its  difterent  parts. 
Regarding  some  of  its  recent  work,  see  Lusae 
Theory. 
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Altitudes  Double,  Metliodof;  Altitudes  Equal, 
Instruments  of. — 1h.Q  instrument  of  equal  altiludet 
now  belongs  to  the  archasology  of  astronomy, 
and  need  not  detain  us  here.  The  methods  of 
equal  and  double  altitudes,  with  all  their  relations, 
will  be  found  explained  imder  Latitude, 
Longitude,  Tijie. 

Altitudes,  Measurement  of. — The  measure- 
ment of  celestial  altitudes  is  accomplished  by  the 
altitude  and  azimuth  instrument  and  by  the 
meridian  cu-cle  (y.  v.).  The  measurement  of  ter- 
restrial altitudes,  by  the  common  methods  of 
trigonometry  (see  Thkodolite),  it  is  not  neces- 
sary to  notice  in  this  place.  It  is  otherwise, 
however,  in  regard  to  the  measurement  of  alti- 
tudes by  the  Barometer,  a  process  as  nice  m. 
theory  as  convenient  in  practice.  We  shall  at- 
tempt briefly  to  explain  it  It  is  well  known 
that  the  Barometer  measures  the  weight  of  the 
superincumbent  column  of  air,  at  the  spot  where 
an  observation  is  made,  or,  allowing  for  temijera- 
ture,  it  measm-es  the  densili/  of  the  air  at  that 
place.  Now  it  is  very  evident  that  the  den- 
sity of  an  clastic  aerial  envelope  like  our  atmo- 
sphere, must  diminish  ;is  one  ascends  withui  it; 
the  atmospheric  layer  at  the  surface  of  the  earth 
being  pressed  on  by  the  Avliole  superincumbant 
air,  is  necessarily  denser  than  any  higlier  oel 
which  is  not  pressed  on  by  the  whole  atmospheix'., 
but  only  by  the  portion  above  it.  Conceiving  tlic 
atmosphere,  then,  in  the  main  somethmg  of  a 
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liomogeneous  mass,  i.e.  taking  no  account  of  its 
internal  irregularities  with  regard  to  heat,  &c., 
ic  is  easily  shown  tliat  the  densities  of  these  various 
beds  diminish  according  to  a  certain  definite  ratio 
;is  we  ascend;  in  fact,  in  relation  to  altitudes  in- 
creasing m  arithmetical  ratio,  tlie  densities  dimi- 
nish in  a  geometrical  ratio ;  or,  what  is  the  same 
thine:,  the  several  altitudes  form  a  peculiar  sys- 
tem of  logarithms  of  which  the  reciprocals  of  the 
densities  are  the  natural  numbers,  that  is — 
1 

A  —  Xoy  jy  =  —  Xoy  D 


V  Whence — 


A  —  a  =  Xay  d  —  Xoy  D  =  X«y 


J). 


OOr  supposing  a  =  o,  and  consequently  that  d  is 
ttthe  density  of  air  at  the  surface  of  the  earth,  we 
hJiave  for  any  altitude — 

d 

A  =  Xay  ^ 

rXhe  next  question  is,  what  is  this  peculiar  sys- 
tetem  of  logarithms  ?  Or — as  any  one  system  of 
■logarithms  can  be  converted  into  any  other  sys- 
letem  by  multipljang  the  former  by  a  constant 
qiqnantity — we  have  to  iix  a  value,  m,  that  will 
aanake  the  following  equation  true : — 

d 

A  =  m.  log.  ^ 

FThe  term  log.,  now  represents  the  logarithms  of 
ihthe  ordinary  tables.  This  m  is  detected  by  expe- 
piriment.  It  involves  our  determining  according 
to  vshat  peculiar  geovietrical  ratio  the  density 
diminishes  with  height :  and  m  is  found  to  be 
very  nearly  60,000:  therefore — 

d 

A  =  60,000  X  log-  JJ  feet. 

Or  since  the  heights  of  the  barometer  are  propor- 
tional to  the  densities  of  the  air,  we  have,  nam- 
ing these,  h  and  H: — 

h 

A  =  60,000  X  log.  ^  feet 

A  being  the  height  of  the  barometer  on  the  sur- 
face of  the  earth,  and  U  the  same  height  at  the 
top  of  the  mountain,  or  other  altitude,  which  it 
is  desired  to  measure.  Such  is  the  simple  basis 
of  the  theory  at  first  laid  down  by  Dr.  Halley ; 
but  it  is  greatly  complicated  in  practice,  by  the 
corrections,  requiring  to  be  applied  to  the  fore- 
going easy  formula.  These  corrections  mainly 
arise,  from  the  influence  of  variations  in  heat 
alike  upon  the  barometer  and  the  atmosphere ; 
from  variations  in  the  force  of  gravity,  depend- 
ing on  the  height  of  the  stations,  and  the  latitude 
of  the  place ;  and  as  has  been  lately  pointed  out 


by  Bcssol,  from  the  modifications  produced  by 
the  existence  of  a  humid  atmosphere  of  peculiar 
habitudes,  within  the  dry  or  permanently 
clastic  one.  When  all  conceivable  corrections 
of  this  kind  are  applied,  the  formula  becomes 
extremely  complex — so  complex  indeed  that  it 
cannot  be  used  unless  with  the  aid  of  sub- 
sidiary tables — hypsometric  tables,  as  they  are 
called  on  the  continent.  Numerous  collections 
of  tables  of  this  Idnd,  with  directions  for  use, 
exist  in  this  country.  We  only  specify  those 
of  Mr.  Baily  and  Mr.  Galbraith.  A  copious 
set  were  published  by  Oltmanns,  and  applied  to 
Humboldt's  invaluable  observations  among  the 
Andes ;  but  on  the  whole,  the  best  Ave  have  re- 
cently seen  are  those  by  Delcros — taking  into 
accoimt  every  member  of  Laplace's  minute  and 
comprehensive  theoretical  formula — published  in 
the  Annuaire  Meteorologique,  for  1849,  at  Paris. 
None  of  these  tables,  however,  include  Bessel'a 
correction  regarding  the  humidity  of  the  air;  a 
correction  whose  importance  he  indicates  in  No. 
356  of  the  Astronomische  Naehrichttn.  In  the 
Annuaire  above  mentioned,  for  1852,  a  new  set 
of  tables  are  produced  by  M.  Plantamour,  hav- 
ing reference  to  humidity,  and  certainly  they 
leave  nothing  to  be  desired.  It  is  worth  while 
to  estimate,  by  a  testing  example  on  a  great 
scale,  the  value  of  this  new  correction.  Cal- 
culated on  the  ground  of  observation,  by 
MM.  Bravais  and  Martins,  on  their  ascent  of 
Mont  Blanc,  on  29th  Augitst,  1844,  the  height 
of  that  motmtain  appears  by  the  tables  of 
Delcros  to  be  4814-5  IJ'reneh  metres ;  calculated 
by  M.  Plantamour's  tables  it  is  4811-7  metres; 
the  difference  being  2-8  metres,  or  about  1  in  1600, 
one-sixteenth  per  cent.  The  question  naturally 
occurs,  whether  these  minute  theoretical  correc- 
tions, are  not  far  within  any  possible  accu- 
racy of  observation?  For  this  subject  see 
Barometer.  In  the  meantime,  for  general 
observations  with  ordinary  instruments,  we 
commend  the  following  simple  rules.  The 
heights  of  the  mercury  and  the  indications  of 
the  attached  and  detached  thermometers  being 
observed  at  both  stations,  as  nearly  as  possible 
simultaneously,  put  in  practice  these  rules : — 
(1.)  Correct  the  length  of  the  mercurial  column 
at  the  upper  station,  adding  to  it  the  product  of 
its  multiplication  into  twice  the  difference  be- 
tween the  degrees  on  the  attached  and  detached 
thermometer — the  decimal  point  being  shifted 
four  places  to  the  left.  (2.)  Subtract  the  loga- 
rithm of  this  con-ected  length,  from  that  of  the 
lower  column ;  multiply  by  six ;  and  move  the 
decimal  point  four  places  to  the  right :  the  re- 
sult is  the  approximate  elevation  in  English 
feet.  (3.)  Correct  this  approximation,  by  shift- 
ing the  decimal  point  three  places  back,  and 
multiplying  by  twice  the  sum  of  the  degrees 
on  the  detached  and  attached  thermometers ;  the 
product,  being  added,  will  give  the  true  eleva- 
tion. 
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Amphitritc.    One  of  the  small  planets  be- 
tween Mars  and  Jupiter.    See  Asteroids. 

Aualysis.  Mathematicians  understand  by 
Analysis — in  the  widest  and  most  common  ac- 
ceptance of  the  term — Algebra,  and  all  branches  of 
the  calculus  of  Magnitudes  by  means  of  general 
signs,  in  which  there  is  no  trace  of  specialty,  or  any- 
thing that  can  indicate  the  particular  nature  of 
the  Magnitudes.  The  rules  of  the  Calculus  once 
adjusted  to  a  small  number  of  the  fundamental 
properties  of  such  magnitudes,  the  Calculus  be- 
comes a  language — a  logical  instrument — wliich 
works,  so  to  speak,  of  itself,  or  -without  farther 
attention  being  necessarj'  than  -what  is  required 
to  see  that  the  rules  be  thorouglily  obeyed. 
For  instance,  analytical  geometry,  after  expres- 
sing by  a  preliminary  synthesis  the  character- 
istic properties  of  the  objects  considered,  deduces 
all  other  properties  by  the  pure  force  of  the 
Calculus ;  the  special  object  ceases  to  occupy  the 
inqiurer's  thoughts,  which  are  all  bestowed  on 
the  effort  to  overcome  the  difficidties  of  the 
Calculus,  should  there  happen  to  be  any.  And 
similarl}',  analytical  mechanics  is  the  method  of 
translating  into  general  language  the  funda- 
mental conditions  of  equilibrium  and  movement, 
so  that,  after  such  translation,  all  else  may  be 
deduced  by  the  simple  application  of  the  iniles 
of  the  Calculus.  The  advantage  of  analytical 
methods  consists  in  the  generality  and  regular- 
ity of  their  procedm-e. 

Analytical  Ocoiuetry.    See  Geometry 
Analytical. 

Anemometev;  now  a  most  important  in- 
strument in  all  meteorological  Obsen^atories. 
The  object,  as  its  name  imports,  is  to  measure 
the  wind — its  direction,  and  force.  The  only 
one  in  use,  until  recently,  was  Lind's,  a  small 
instriunent,  in  which  the  wind  blew  into  the 
mouth  of  a  tube,  always  turned  towards  it  by 

a  vane,  and  depressed — in  proportion  to  its  force  

a  column  of  liquid  therein  contained.  The  de- 
fects of  such  an  instrument  are  obvious.  It 
could  not  be  very  sensitive;  but  above  all  it 
wants  the  essential  power  of  registering  its 
own  indications.  Mr.  A  die  of  Edinburgh  re- 
moved this  last  objection,  and,  to  some  extent, 
the  former,  in  a  statical  anemometer  on  some- 
thing of  the  same  principle  as  Lind's.  We 
shall  here  briefly  cbscribe  the  three  modern 
instruments  that  seem  best  adapted  to  the  im- 
portant requisitions  of  meteorology : — (1.)  The 
first  is  Dr.  Whewell's.  By  means  of  a  vane,  a 
small  windmill  is  kept  turned  to  the  face  of 
the  wind ;  and  by  its  revolutions,  it  indicates  the 
wind's  velocity.  The  direction  of  the  vane,  and 
the  working  of  this  little  wind  wheel,  thus  mark 
the  two  important  elements,  viz.,  the  direc- 
tion of  the  wind,  and  its  velocity;  and  the 
question  remained,  how  these  elements  and  the 
changes  in  them  could  be  registered.  The 
swift  movements  of  the  wind  wheel  were,  in  the 
first  place,  made,  by  an  endless  screw,  to  com- 
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municate  a  vertical  motion  to  a  pencil  working 
on  that  screw  (which  screw  was  about  '1\  feet 
long)  so  that  the  pencil  pressing  on  a  sheet  of  paper 
marked  the  length  of  its  progress  during  any 
interval  of  time  elapsing  between  two  observa- 
tions.   This  was  connected  with  the  element  of 
direction  in  an  ingenious  way.    Through  the 
centre  of  the  instrument  a  fixed  pillar  is  placed, 
of  about  four  inches  in  diameter,  and  around 
this  pillar  a  sheet  of  paper  can  be  temporarily 
placed,  ruled  vertically  according  to  the  du-ec- 
tions ;  or  so  that  the  pencil  aforesaid  strikes  on 
its  north  line  when  the  vane  indicates  north, 
or  its  west  line  when  the  vane  indicates  a  west 
wind,  and  so  with  other  directions.    The  pencil 
thus  gradually  travels  down  on  the  outside  of 
this  cylinder,  marldng,  on  the  various  direction- 
lines,  the  velocities  of  the  wind  blowmg  in  these 
directions ;  and  when  it  has  reached  the  bottom 
of  the   paper,  in  proportion  the  instrument 
must  be  readjusted  by  the  removal  of  the  pencil 
to  the  top  of  the  endless  screw,  and  the  applica- 
tion of  a  fresh  sheet  to  the  cylinder.    The  de- 
fect of  Whewell's  anem'ometer  as  a  registering 
instrument  is  this: — it  does  not  register  the 
element  of  time;  it  simply  gives  the  integral 
velocity  of  the  wind  in  all  the  directions  in 
which  it  has  blown  during  the  inter\-al  between 
different  notices  by  the  observer.  Still,  although 
thus  limited,  its  registering  is  of  great  conse- 
quence;  and,  as  our  first  self-registering  in- 
strument, this  anemometer  has  contributed  im- 
portantly to  the  evolution  of  various  phenomena 
of  the  winds.    (2.)  Superior  to  Dr.  Whewell's, 
at  least  in  one  paramount  element,  is  Mr.  Osier's 
anemometer ;  the  instrument  still  chiefly  in  use, 
and  which  is  alwaj'S  receiving  modifications  at 
the  hands  of  its  ingenious  inventor.    Mr.  Osier, 
of  course  obtained  the  direction  of  the  wind 
from  a  vane.    The  vane  communicates,  by  a 
long  rod,  its  own  motion  to  a  small  pinion  wheel 
within  the  observatory.  The  pinion,  by  means  of 
a  ratchet,  converts  this  rotatorj'  motion  hito  a  linear 
one,  and  the  ratchet  carries  a  pencil  that  strikes  ou 
a  sheet  of  paper  lying  below  it,  and  ruled  accord- 
ing to  the  nonnal  du-ections  of  N. W.S.E.  This 
sheet  of  paper  does  not  remain  fixed  under  the 
pencil,  but  is  gradually  carried  on  by  a  clock, 
so  that  while  the  pencil  oscillates  to  and  fro,  as 
the  direction  of  the  wind  shifts,  these  oscillations 
are  found  written  on  the  ruled  sheet  beneath  it, 
in  strict  connection  with  the  time  at  which  the 
changes  took  place.    The  next  requisition  un- 
dertaken to  be  answered  by  Mr.  Osier,  was  to 
register  the  force  of  the  wind.  Immediately 
below  the  vane,  and  attached  to  it, — of  course  in 
this  way  always  facing  the  wind,— he  plac-es  a 
brass  plate,  one  square  foot  in  diameter.  To 
the  back  of  this  brass  plate  is  attached  a  spiing, 
of  tested  strength;    a  sjiring  beaten  back  ac- 
cording to  the  force  blowing  on  the  plate.  By 
means  of  a  wire  passing  through  the  rod  which 
commmiicates  direction  to  the  observing  room, 
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this  spring  communicates  with  a  connter-spring. 
\3  the  upper  spring  is  beaten  back,  the  lower 
or  counter  spring  is  free  to  unfold ;  and  as  it 
unfolds,  a  pencil,  placed  above  the  sheet  for- 
merly spoken  of,  starts  out  and  impresses  a 
mark  upon  that  sheet,  whose  length  thus  indi- 
cates the  force  of  the  wind.    The  effect  of  tliis 
re"-istermg  wU  be  better  understood  by  the  an- 
u«ced  copy  of  one  of  the  sheets.    The  middle 
irtracing  is  the  line  of  direction  for  twenty-four 
bhours,  and  the  lower  tracing  is  the  indication 
oiof  the  corresponding  force.     Mr.  Osier  has 
nadded,  by  a  very  simple  contrivance,  a  third 
p.  pencil,  which  writes  do-ivn  the  quantity  of  fall- 
iiing  rain.    This  as  recorded  appears  in  the  third 
.V  or  upper  tracing  of  the  annexed  sheet. 


The  instrument  we  have  described  is  quite  a 
beautiful  one,  and  extremely  complete.  It  gives, 
we  have  seen,  the  direction  of  the  wind,  the 
force  of  the  wind,  and  the  quantity  of  rain  ;  a 
separate  pencil  records  each  on  a  sheet  which 
is  carried  onwards  beneath  the  pencils  regularly 
by  a  clock.  The  observer  has  therefore  merely 
to  supply  a  fresh  sheet  every  twenty-four  hours, 
and  to  make  numerical  reductions  of  these  sheets 
as  they  are  successively  taken  oft'.  The  main 
defect  of  Mr.  Osier's  anemometer  is  this:— it 
does  not  register  with  sufficient  accuracy  light 
aerial  currents;  nevertheless,  its  indications 
have  already  thrown  mucli  light  on  the  more 
important  relations  of  the  winds.  (3.)  The 
last  instrument  requiring  notice  here  is  an  ane- 
mometer by  Dr.  Kobinson  of  Armagh,  sug- 
gested to  some  extent  by  the  characteristic 
machinery  of  Dr.  Whewell's,  but  certainly  a 
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great  improvement  on  its  prototype.  Dr.  Robin- 
son was  led  to  the  construction  of  his  anemo- 
meter by  a  rigorous  analysis  of  the  imperfec- 
tions of  the  previous  ones.  Mr.  Osier's,  it  will  be 
observed,  registers  the  pressure  and  not  the 
velocity  of  the  wind.  INow  the  relative  variations 
of  the  pressure  of  the  wind  are  found  to  be  twice 
as  great  in  any  breeze  as  those  of  the  velocity ; 
so  that  a  pressure-gauge  is  subject  to  the  most 
uncertainty.  It  is  laborious  also  to  deduce 
velocity  from  pressure;  and  as  velocity  is  the 
element  we  want,  a  pressure-gauge  ought  if 
possible  to  be  avoided.  Whewell's  gives,  or 
ought  to  give  velocity ;  it  does  not  give  it  ac- 
curately, owing  to  the  imperfections  inhering  in 
a  windmill  vane.  Sir  WUliam  Snow  Harris 
found  that  the  spaces  traversed  by  the  record- 
ing pencil  are  not  as  the  velocity  but  rather  as 
its  square.  The  external  forni  of  Dr.  Eobin- 
son's  anemometer  is  represented  in  the  annexed 
sketch :  — 

The  wind  vane,  v, 
indicates  direction,  as 
in  all  cases ,  but  in- 
stead of  the  windmill 
vane  in  Dr.  Whe- 
well's instrument,  a 
horizontal  arm  is 
placed  at  g,  can-ying 
at  its  extremities  cups, 
whose  convex  sides 
are  placed  opposite  to 
each  other,  so  that 
the  power  of  the  wind 
to  make  it  turn,  re- 
sides in  its  effect  on 
the  concave  side  of 
the  cup,  over  its 
effect  on  the  convex 
side.  These  hollow 
hemispheres  are  in 
fact  perfect  motive  agents,  substituted  for  the 
imperfect  windmill  vanes;  they  are  perfect, 
because  the  motive  effect  on  them  is  uniform  and 
unchangeable;  whereas,  the  ordinary  windmill 
arms  change  in  their  susceptibility  with  the 
angle  according  to  which  they  lie, — indeed  not 
one  of  them  can  without  actual  comparison  be 
interchanged  with  another.  After  numerous  ex- 
periments Dr.  Eobinson  concluded  himself  wax- 
ranted  in  laying  it  down  as  a  general  law,  that 
in  a  horizontal  windmill  of  this  description  the 
centre  of  the  hemispheres  move  with  one-third 
of  the  wind's  velocity,  except  in  so  far  as  they 
are  retarded  by  friction.  A  result  of  the  most 
important  kind,  as  it  guides  us  for  tlie  first  time 
to  a  mode  of  uiuiiCTLY  measuring  the  velocity 
of  the  wind.  The  machinery  by  wliich  Dr. 
Robinson  proposes  to  carry  out  the  registiy  of 
his  results  is  fully  described  in  vol.  xxii.,  part  3, 
of  the  Transactions  of  the  Royal  Irish  Academy. 
If  the  principle  of  his  anemometer  is  unobjection- 
able, it  must  bo  confessed  that  there  is  an  im- 
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perfection  ia  its  registries,  or  power  of  exhibiting 
that  triple  representation  of  time,  velocity,  and 
pressure  which  so  eminently  distinguishes  Osier's. 
Meanwhile,  meteorology  is  greatly  indebted  to 
the  investigations  that  led  its  admirable  author 
so  far.  As  to  the  information  concerning 
aerial  currents  communicated  by  anemometers, 
we  refer  to  the  article  Winds. 

Aneroid  Barometer.    See  BAROMn:TT:R. 

Angle.  The  opening,  or  the  measure  of  the 
opening,  of  lines  or  planes  that  meet.  This  open- 
ing, or  degree  of  inclination,  of  the  lines  or  planes 
has  no  relation  to  the  absolute  spaces  between 
them ;  the  magnitude  of  these  depending  on  the 
lengths  of  the  lines  or  sides,  with  which  lengths 
the  angle  has  nothing  to  do.  —  Angles  can  be 
compared  with  each  other ;  one  angle  being  either 
equal  to  another,  or  greater  or  less  than  it.  Angles 
also  bear  to  each  other  the  relation  of  jyroportion. 
All  which,  follows  from  the  fact  that  two  angles 
may  be  equal  to  each  other,  and  are  so  when — the 
angular  point  and  one  side  of  each  coinciding — the 
other  coincides  also.  Angles,  as  quantities,  are 
distinguished  from  lines,  as  quantities,  in  this — 
they  have  a  natural  unit  to  which  they  can  all 
be  referred.  Lines  have  no  natural  unit ;  there 
being  nothing  beyond  convenience  to  induce  us 
to  measure  a  length  by  inches,  feet,  yards,  or 
miles.  But  the  Right  Angle  is  a  constant  and 
absolute  angular  unit ;  so  that  angles  can  always 
be  expressed  in  pure  numbers,  representing  the 
proportion  they  bear  to  the  right  angle.  Impor- 
tant consequences  from  this  fundamental  distinc- 
tion will  be  noticed  hereafter.  (See  Parallel 
Lines). — The  foUomng  are  technical  definitions 
of  certain  kinds  of  angles  very  commonly  spoken 
of:  — 

1.  Of  plane  angles,  a  rigid  angle  is  that  made 
by  a  straight  line  perpendicular  to  another ; 
strictly  defined  as  one  of  the  two  angles  which 
one  straight  line  standing  on  another  makes  with 
it  when  they  are  equal.  An  obtuse  angle  is 
greater,  and  an  acute  angle  less,  than  a  right 
angle. 

2.  Of  solid  angles,  that  contained  between  two 
planes  (or,  which  is  the  same  thing,  two  surfaces, 
for  which  planes  can  be  substituted  along  the 
straight  line  of  contact)  is  called  a  dihedral  angle. 
It  measures  the  space  between  the  planes.  The 
angle  made  by  three  adjacent  planes  is  trihedral; 
and  by  many  adjacent  planes  polyhedral.  The 
dihedral  angle  reduces  to  a  plane  angle.  The 
trihedral  and  polyhedral  are  the  true  solid  angles. 
At  the  corner  of  any  room  a  good  example  of  a 
trihedral  angle  is  presented. 

3.  In  astronomy,  the  angle  of  position — formed 
by  the  arcs  drawn  througli  a  star  and  the  poles 
of  the  equator  and  ecliptic  respectively— the  arcs 
along  which  declination  and  latitude  are  respec- 
tively measured.  Hour  angles,  the  angles  made 
by  the  arc  through  the  poles  and  a  star  with  tlie 
meridian.  This  changes  from  hour  to  hour  with 
the  diurnal  motion.   These  are  also  called  horary 
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angles.  Angle  of  commutation,  the  angle  between 
two  lines  drawn  to  the  centre  of  the  sun  from  the 
earth  and  the  place  of  any  planet,  when  reduced 
to  the  ecliptic.  Angle  of  elongation,  formed  by 
two  lines  from  the  earth,  to  the  sun  and  a  planet 
respectively.  Angle  oj  longitude,  the  angle  formed 
by  the  meridian  and  the  circle  of  longitude  of  a 
star,  the  circles  cutting  at  the  pole  of  the  ecliptic 
Angle  of  parallax,  formed  by  the  vertical  and  the 
circle  of  latitude. 

4.  In  optics,  tlie  visual  or  optical  angle,  that 
formed  by  two  rays  from  the  centre  of  the  eye  to 
the  extremities  of  an  object.  The  image  on  the 
retina  is  proportional  in  magnitude  to  this  image, 
and  it  is  by  it  that  the  eye  estimates  directly  the 
size  of  objects.  Angle  of  incidence,  the  angle 
contained  between  the  direction  of  a  ray,  falling 
on  a  surface,  and  the  perpendicular  to  the  surface, 
at  the  point  where  it  falls  on  it.  Angh  of  re- 
flexion, the  angle  of  this  perpendicular  and  the 
reflected  ray.  Angle  of  refraction,  the  angle 
between  its  continuation  and  the  refracted  ray. 
Angle  of  deviation,  the  diflference  of  the  angles  of 
incidence  and  of  refraction.  Angle  of  polarization, 
the  angle  which  the  reflected  polarized  ray  makes 
with  this  perpendicular  (the  normal  to  the  surface 
at  the  point). 

TJiese  are  the  chief,  though  far  from  being  the 
only  angles  referred  to,  in  a  technical  way,  in  the 
different  departments  of  science. 

It  has  been  pointed  out  above,  that  the  right 
angle  is  the  natural  unit  of  the  angle.  However 
indispensable  for  ultimate  reference,  however,  the 
right  angle  is  too  large  for  ordinary  use.  All 
angles  except  one  (in  the  limited  acceptation 
usual  to  the  term)  would  thus  be  fractional  parts 
of  the  unit  angle.  In  consequence,  the  right 
angle  is  divided  by  us  into  90  equal  parts,  each 
called  a  degree;  each  of  these  into  60  minutes; 
each  of  which  is  again  subdivided  into  €0  seconds. 
The  introduction  of  the  system  of  decimal  measures 
into  France,  caused  a  proposal  to  subdi%nde  the 
right  angle  into  100  degrees,  each  into  100 
minutes,  and  each  of  these  into  100  seconds.  In 
some  books  we  find  this  method,  but  it  has  not 
been  generally  adopted. 

Anion.  One  of  the  terms  introduced  into 
electrical  science  by  !Mr.  Faraday;  its  opposite 
is  Cation.  By  anion  is  meant  that  part  of  the 
body  under  decomposition,  bj'  or  through  means 
of  the  electric  current,  which  goes  to  the  anode 
side  or  pole  of  the  current ;  and  by  cation,  the 
body  that  goes  to  the  cathode  side.  See  next 
article. 

Annnlnr.    See  Eclipse. 

Anode.  The  technical  term  proposed  by 
Faraday  for  the  side  or  extremity  of  the  de- 
comiiosing  body,  at  which  the  electric  current, 
according  to  fonncr  phraseology,  enters,  in  other 
words  the  iicgative  side.  It  is  the  side  at  which 
oxygen,  chlorine,  acids,  &c.  are  evolved.  The 
opposite  or  positive  side  —  the  same  author 
proposes  to  term  the  cathode — that  side  at  which 
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the  combustible  bodies,  metals,  alknlies,  and 
bases  are  evolved.  Further  on  this  subject  un- 
der ELECTlUClTr. 

Auonialititic  Ycnr.     So  called  because  it 
depends  upon  the  position  of  the  apogee,  to  which 
w  e  refer  the  anomaly.    (See  Anomaly).    If  the 
orbit  of  the  earth  were  a  perfect  ellipse,  the  ano- 
malistic year  would  be  exactly  equal  to  the  tro])i- 
cal,  or  common  year.  (See  Tropical  Year).  The 
axis,  however,  is,  as  it  were,  twisted  forwards  after 
the  moving  body  in  the  direction  of  its  motion, 
.-iso  that  after  it  has  completed  a  full  re^  olution, 
L  there  still  remains  the  space  between  the  old 
J  apogee,  where  it  completes  it,  and  the  new 
i  apogee,  which  has  moved  in  the  direction  of  the 


ismotion.  The  apogee  moves,  in  fact,  about  11"'8 
in  a  year,  and  the  moving  body  has  to  traverse 
.'360°  0'  ll"-8  in  order  to  complete  a  revolution 
lof  this  sort.  The  anomalistic  year  is,  therefore, 
•longer  than  the  common  year,  and  is  365  days, 
6  6  hours,  13  minutes,  45  seconds.  The  figure  will 
ilillustrate  this.  After  the  moving  body  has  gone 
r  round  from  a,  the  apogee,  at  the  commencement 
o:of  motion  to  a,  back  again,  it  has  completed  a 
trtropical  or  common  year.  In  that  time,  however, 
tithe  axis  has  moved  forward,  and  the  apogee  has 
litaken  a  new  position  at  a'.  The  time  occupied 
passing  from  a,  round  the  whole  circumference 
irand  on  to  a',  is  called  the  anomalistic  year. 

Anomaly.    An  angle  measuring  apparent 

n -irregularities  in  the  motions  of  the  planets.  They 
move  in  ellipses,  having  the  sun  in  one  focus. 
Let  the  ellipse  a  p  p  m  represent  the  orbit  of  a 
planet,  s  being  the  focus,  and  v  the  position  of 
■the  planet  at  any  given  moment.  Tiien  the 
iranomaly-  what  is  called  the  true  anomaly— is 
measured  by  the  angle  a  s  p,  a  being  the  point 
of  the  perihelion,  and  p  the  position  of  the  planet. 
Again,  if  the  planet  be  supposed  to  describe  its 
orbit,  uniformly,  parsing  over  equal  spaces  in  equal 
times,  its  position  would  be  different  from  what  it 
really  is,  because  the  law  of  its  motion  is  different, 
except  at  the  aphelion  and  the  perihelion.  Sup- 
pose that  in  the  time  which  it  takes  to  describe 
the  arc  a  p,  a  would  pass  according  to  this  law 
over  A  z;  then  asz  is  wliat  is  called  ih&vieun 
ancmahj.  If,  again,  we  describe  a  circle  upon  a  m 
as  diameter,  and  draw  from  p,  q  p  n  perpendicular 
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to  A  M,  joining  Q,  the  point  where  this  line  cuts 
tlie  ciiole  with  c,  the  centre  of  the  circle,  the 
angle  A  c  Q,  is  called  the  eccentric  anomaly.  When 


we  speak  of  the  sun  or  moon,  we  conceive  them 
both  to  describe  elliptic  orbits  round  the  earth, 
because,  although  in  fact,  only  the  moon  does  so. 
yet  we  refer  all  motion  naturally  to  the  earth  as  the 
fixed  point  in  the  universe,  and,  because  by  con- 
sidering the  earth  at  rest,  we  introduce  neither 
fundamental  error,  nor  increase  the  complexity 
of  calculation.   In  speaking  of  a  planet's  satellites, 
we  conceive  the  planet  itself  at  rest ;  and  in  treat- 
ing of  double  stars,  the  one  is  supposed  to  revolve 
round  the  other.    The  mean  and  eccentric  ano- 
malies are  thus,  in  all  cases,  imaginary  angles, 
originated  for  facilitating  the  use  of  tables. 
Antarctic.    See  Arctic. 
Anihrlia.      Crowns  in   meteorology  are 
circles,  one  or  more,  around  the  sun  or  moon, 
and  concentric  with  these  luminaries.  Anthelia 
are  phenomena  of  quite  the  same  kind,  but  in 
the  part  of  the  sky  opposite  to  the  sun ;  in  that 
particular  they  are  analogous  to  rainbows.  They 
are  seen  in  thiswise: — When  the  sun  is  just 
rising,  and  the  observer  is  between  the  luminary 
and  a  cloud  or  fog,  he  observes  around  the 
shadow  of  his  head,  projected  on  the  cloud  or 
fog,  an  aureola,  or  glory,  whose  brightness  gra- 
dually fades  into  distance.  In  the  polar  regions 
the  phenomenon  is  always  seen  where  a  fog  ex- 
ists while  the  sun  shines ;  and  upon  mountains 
it  occurs  when  the  shadow  of  the  observer  is 
projected  on  a  cloud.    Sometimes  one,  some- 
times two,  three,  and  even  four  bright  coloured 
circles  are  seen  in  such  cases,  and  they  are  so 
placed  that  the  line  passing  from  the  centre  of  the 
sun  through  the  eye  of  the  observer,  passes 
through  their  centre.    The  fourth  circle  is  sel- 
dom seej  complete ;  it  is  called  the  circle  of 
Ulloa.  There  is  an  analogous  phenomenon  which 
ex\)]!i\ns  ani/ielia : — when  the  sunrises  behind 
a  liill  covered  with  trees  or  brushwood,  the 
spectator  in  the  shadow  of  the  hill  may  observe 
all  tl;e  small  branches  projected  on  the  sky,  not 
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opaque  or  black,  but  brilliant  and  silver}'. 
These  small  branches  act  in  the  same  way  as 
the  globules  of  vapour  in  the  phenomena  of 
crowns  (q.  v.)  and  anthelia.  This  action  is 
termed  Diffraction,  q.  v.  To  the  same  cause  is 
referable  the  beautiful  colour  of  spider's  threads, 
and  of  the  motes  in  the  sunbeam. 

Antichtiioncs.  People  that  dwell  at  two 
parts  on  the  surface  -which  are  however  equal  in 
latitude.  Their  seasons  will  of  course  be  re- 
versed, the  winters  of  the  one  being  the  summers 
of  the  other,  and  so  throughout. 

Antipodes  («»t/,  tous,  feet  opposite).  A 
term  applying  to  the  inhabitants  at  two  opposite 
extremities  of  a  diameter  of  the  globe.  It  is  clear, 
then,  since  degrees  of  latitude  are  measured  north 
and  south  of  the  equator,  and  the  intersection  of  a 
diametral  plane,  with  the  surface  (or  the  circum- 
ference of  a  circular  section  of  the  mass  of  the 
earth),  divides  it  into  two  equal  parts,  that  the 
antipodal  places  must  have  the  same  latitude,  the 
one  being,  however,  north  latitude,  and  the  other 
south  latitude.  Again,  if  longitudes  be  measured 
for  half  the  circumference  eastward  and  westward, 
it  is  manifest  that  these  places  must  be  always 
the  one  in  east,  the  other  in  west  longitude,  un- 
less they  be  on  the  zero  meridian  line,  and  that 
the  sum  of  the  number  of  degrees  representing 
their  longitudes  will  be  180°.  If  we  reckon  lon- 
gitude all  round  the  globe,  as  we  commonly  do 
now,  the  difference  of  the  degrees  of  longitude 
■will  be  180°.  Everything  wUl  naturally  be 
just  reversed  in  reference  to  the  inhabitants 
of  places,  the  antipodes  of  each  other.  The 
noon  of  the  one  is  the  midnight  of  the  other; 
the  longest  day  of  the  one,  the  shortest  of  the 
other ;  and  they  have  summer  in  the  one  place 
and  winter  in  the  other.  The  average  length 
of  day  in  both  is  of  course  the  same  throughout 
the  year.  The  opinion  that  there  were  antipodes 
was  a  fruitful  subject  of  ridicule  in  ancient  times ; 
and  in  the  middle  ages  it  was  deemed  heresy  to 
hold  it.  Columbus  had,  perhaps,  as  much  diffi- 
culty in  procuring  any  support  in  his  expedition 
on  this  ground  as  on  any  other.  "Tempora 
mutantur,  et  nos  rautamur  in  illis." 

Aiitiscii,  or  Aiitcccii  (Jctn,  crxia,  or  H-.tri, 
eixtiu).  AVhen  any  distinction  is  made  between 
the  two  -words,  the  former  is  the  more  general, 
referring  to  persons  living  in  different  hemispheres, 
and  at  similar,  though  not  equal  distances,  from 
the  equator.  The  Antcecii  are  those  who  live  at 
equal  distances  from  the  equator  (same  number  of 
degrees  of  latitude  north  and  south),  and  under 
the  same  meridian.  The  sun,  therefore,  passes 
their  meridian  at  the  same  moment.  When  it  is 
summer  with  the  one  also,  it  is  winter  with  the 
other,  and  vice  versa. 

Aphelion.  The  greatest  distance  of  a  planetary 
body  from  the  sun  is  called  its  aphelion  (aar»,  ,i;,(c», 
from  the  sun).  The  aphelion  of  the  earth  and 
the  apogee  of  the  sun  are  the  same.  The  aj)helia 
of  the  planets  change  their  position  in  successive 


years.  The  axis  of  the  planetary  orbit  moves,  as 
we  have  seen  (Anomalistic  Year),  and  the 
aphelion,  which  is  just  its  one  extremity,  moves 
with  it.  It  was  usual  to  measure  the  anomaly 
from  the  aphelion,  but  the  aphelia  of  the  comets 
are  not  generally  visible,  and  therefore,  to  secure 
uniformity  of  measurement,  the  perihelion  has 
been  adopted  as  the  point  of  departure  in  all  cases. 

Apogee.  The  point  of  maximiun  distance 
from  the  earth  of  any  heavenly  body.  It  is  only 
important  with  regard  to  the  sun  and  the  moon. 
The  apogee  of  the  former  occurs  at  the  same  time 
as  the  aphelion  of  the  earth.  The  sun  is  often  con- 
sidered as  moving  round  the  earth.  The  moon 
does  move  round  the  earth.  The  apogees  in  these 
two  cases  move  themselves,  but  move  regularly. 
The  apogees  of  the  other  planets  move  very  irregu- 
larly. The  motion  of  the  earth  has  in  their  case 
to  be  compomided  with  the  motion  of  these  bodies 
themselves.  We  are  in  apogee  about  July  1st. 
The  progressive  movement  of  the  sun's  apogee  is 
very  slow.  The  moon's  apogee  moves  rapidly 
and  completes  a  revolution  in  3232  days,  or  nearly 
nine  years.  That  is  about  6'.41"  per  day.  The 
fact  is  very  important  in  the  theory  of  tides. 

Apparent  Maguitndc  and  Figure  of  Bo> 
dies  is  different  from  their  real  magnitude  and 
figure.  A  straight  line  for  instance,  dra-mi horizon-  ■ 
tally  in  the  air,  -will  appear  to  us  circular.  Some- 
times, again,  a  straight  line,  when  it  all  lies  in  the 
line  from  our  eye  to  anyone  point  of  it,  appears  as 
a  simple  pomt.  A  surface,  again,  in  which,  if  ex- 
tended, the  eye  itself  would  be  found,  would  ap- 
pear to  us  as  a  line;  and  a  solid  body  always 
appears  to  us  a  mere  succession  of  surfaces,  some- 
times so  seen  that  we  believe  that  the  body  is  soUd, 
but  if  at  a  great  distance  not  readily  to  be  dis- 
cerned from  other  surfaces.  An  angular  or  irre- 
gular body,  again,  appears  always  at  anj'  con- 
siderable distance  more  regular  than  in  fact  it  is, 
because  its  little  projections  and  irregularities, 
subtend  very  small  angles  to  the  eye,  so  small 
indeed,  as  easily  to  become  insensible.  So  a  long 
line  of  lamps  seen  from  a  distance  appears  only 
one  continuous  blaze,  from  the  gradual  diminu- 
tion of  the  optical  angles  subtended  by  the  dis- 
tances between  them.  In  astronomy,  the  apparent 
magnitude  of  an  object  is  the  angle  which  it  sub- 
tends at  the  eye.  It  will  therefore,  abstracting 
refraction,  which  operates  in  all  cases,  diminish  in 
inverse  ratio  to  the  distance.  It  will  be  evident 
also,  even  Avithout  mathematics,  that  it  will  be 
largest  when  the  body  is  nearly  perpendicular  to 
the  line  of  direction  from  the  eye,  and  will  vanish, 
becoming  a  point,  if  it  were  to  appear  in  that  line 
of  direction.  The  heavenly  bodies,  however,  being 
solid,  this  last  consequence  could  never  happen. 
Were  they  perfect  spheres,  we  would  not  require 
to  take  into  account  the  first  cause  of  error.  In 
measuring  the  apparent  magnitude  of  stars,  or  of 
the  sun  and  moon,  we  must  recollect  that  their 
different  points  are  subject  to  different  influences 
from  refraction,  and  to  a  verj-  slight  extent  from 
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aberration  and  parallax,  and  that  sometimes  a 
body  appears  larger  in  one  dimension,  and  pro- 
portionably  smaller  in  another,  than  it  really  is. 

Apparent  Motion  is  the  motion  which  a 
given  body  seems  to  us  to  have.    Now,  we  refer 
all  motion  naturally  to  the  eye.    If,  then,  it  be 
itself  in  motion,  as  when  we  travel  in  a  steam- 
boat or  railway  carriage,  we  consider  a  body  ac- 
tually in  motion,  conceiving  the  eye  to  be  at  rest. 
The  consequence  is  that  we  combine  the  two  mo- 
.  tions  of  the  eye  and  the  body  into  one,  which  we  at- 
i  tribute  entirely  to  the  body  in  question.    Not  that 
V  we  always  add  or  subtract  the  two  motions,  for 
t  this  we  only  do  if  the  lines  of  motion  be  parallel, 
i  and  if  the  directions  be  opposite  or  the  same ; 
t  but  We  compound  them  together  as  we  do  two 
f  forces,  and  attribute  the  resultant  to  the  body 
1  which  is  in  reality  moving  only  with  the  one 
\  velocity.    Even,  however,  when  the  eye  is  at 
r  rest,  there  is  a  distinction  between  the  real  and 
i  apparent  motions.   Motion  is,  of  course,  measm-ed 
t  by  the  spaces  passed  over,  and  the  eye  has  no 
li  direct  measure  of  these  spaces,  but  by  the  angular 
c  distances  of  the  optical  lines.    If,  then,  a  body 
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5  move  from  A  to  c,  the  space  from  A  to  b  will 
J  appear  equal  to  that  from  b  to  c,  supposing  the 
»  angles  a  e  b  and  b  e  c  equal  to  one  another ;  and 
ii  if  the  body  be  moving  uniformly  it  will  take  longer 
to  describe  b  c  than  a  b,  and  since  these  appear 
<■  equal,  will  appear  to  move  slower  in  that  part  of 
ii  its  motion. 

_  Appat-ent  Position.  When  we  want  to 
•  simplify  some  observed  phenomenon — by  taking 
i!  into  account  the  effect  which  some  cause  with 
'  which  we  are  acquainted  will  have  in  modifying 
it,  or  when  we  want  from  a  tnie  observation,  at  a 
particular  point,  to  discover  what  would  have 
been  found  by  observers  at  some  station  of  refer- 
ence— we  call  our  original  phenomenon  apparent, 
and  the  resulting  and  reduced  phenomenon  true. 
The  name  in  one  application  of  it  is  perhaps  im- 
proper, but  it  is  warranted  by  use.  Thus,  when 
we  observe  a  star's  position,  we  subject  our  ob- 
served result  to  various  modifications  before  re- 
cording it.  There  is,  in  the  first  place,  refraction, 
by  which  the  star  is  made  to  appear  higher  above 
the  honzon,  than  it  would  otherwise  appear.  We 
require,  therefore,  to  allow  for  this,  and  to 
place  our  star  nearer  the  horizon,  than  our 


observation  would  lead  us  to  believe.  Then 
the  aberration  of  liglit  altera  the  direction  of 
the  ray  which  we  see,  from  the  true  straight 
line  from  our  eye  to  the  star,  and  we  must 
therefore  talce  into  account  this  cause  of  error. 
Nutation  again  changes  the  apparent  position 
of  the  star,  and  we  must  rectify  our  obser- 
vation for  this  also.  Jiy  allowing  duly  for  these, 
we  will  be  able  to  arrive  at  the  true  position  of  the 
star  from  our  point  of  view.  But  this  observation 
would  beonly  of  use  to  ourselves,  to  compareitwith 
subsequent  observations  from  the  same  point.  We 
therefore  deduce  from  this  the  star's  apparent  posi- 
tion as  seen  from  the  centre  of  the  earth,  and  so, 
as  all  observers  reduce  their  observations  in  this 
way,  the  work  of  each  is  valuable  to  all.  The 
apparent  place  of  a  star,  then,  is  its  place  as  ob- 
served at  &st,  subject  to  all  these  causes  of  error, 
and  its  trtie  place  is  when  we  have  reduced  our  iirst 
observation,  to  obtain  the  direction  of  a  straight 
line  drawn  from  it  to  the  centre  of  the  globe.  The 
apparent  horizon  is  a  good  illustration  also  of  the 
modifications  introduced  by  astronomers,  to  ren- 
der all  obsei-vation  valuable  to  all.  The  sensible 
or  apparent  horizon  to  a  man  at  the  surface  of 
the  earth  is  the  circle,  in  which  a  plane,  tangent 
to  the  surface  of  level  water  at  his  position,  would 
cut  the  imaginary  celestial  sphere.  If,  again,  he 
be  a  little  elevated  above  the  earth,  the  apparent 
horizon  will  be  the  circle,  in  which  a  cone  touch- 
ing the  earth's  sphere,  and  having  his  eye  for  the 
apex,  would  cut  the  celestial  sphere.  The  real 
or  rational  horizon  is  the  circle  in  which  a  plane 
parallel  to  the  tangent  plane  at  the  surface,  or 
immediately  under  an  elevated  position,  would 
cut  this  sphere.  The  apparent  conjunction  of  the 
planets,  when  the  line  from  the  eye  passes  through 
their  centres,  as  distinguished  from  their  real  con- 
junction where  the  centres  of  the  earth  and  of  the 
true  planets  are  in  one  straight  line,  is  anothej 
illustration  of  the  same  necessity  of  correcting 
observations. 

Apparent  Time.    See  Tii\ie. 

Approximation  is  used  in  physical  science 
to  express  a  result  which  we  are  justified,  accord- 
ing to  the  laws  of  probability,  in  taking  as  the 
result  of  a  certain  observation.  Thus,  let  us  ob- 
serve the  place  of  a  star  upon  various  occasions, 
and  at  various  places,  such,  that  it  ought  to  be 
observed  in  the  same  position  if  no  disturbing- 
cause  intervened.  If  we  know  the  nature  of 
these  disturbing  causes,  we  will  observe  so  as  to 
have  them  act  in  different  ways,  and,  as  far  as 
we  can  guess,  neutralize  each  other.  Owing  to 
disturbing  causes,  then,  in  external  nature,  and 
owing  to  the  imperfections  to  which  all  quantita- 
tive observations  are  liable  from  the  limitation  of 
the  observer's  mental  and  physical  powers,  we 
shall  have  different  results.  The  probabilities 
are,  that  these  external  and  personal  disturbing 
causes  will  act  as  often  in  increasing  as  in  dimi- 
nishing the  result,  and,  in  consequence,  we  ap- 
proximate to  the  true  result  by  taking  all  tlie 
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observations  together.    The  most  usual  method 
is  by  merely  adding  all  the  numerical  results  ob- 
tained, and  dividing  by  their  number.  This 
approximation,  if  grounded  on  a  sufficient  num- 
ber of  observations,  may  be  safely  relied  upon. 
Approximation,  mathematically  considered,  arises 
from  a  different  cause,  the  inadequacy  of  anynume- 
rical  system  to  represent  every  kind  of  quantity. 
Thus,  in  attempting  to  find  the  numerical  value 
of  the  side  of  a  square  or  cube,  whose  area  or 
volume  is  given  numerically,  we  are  often  ob- 
liged to  use  mere  approximations  to  the  truth. 
The  same  will  be  the  result  of  attempts  to  find 
numerical  values  satisfying  equations  of  the 
higher  orders  in  most  cases.    Generally,  how 
ever,  in  this  approximation  we  are  able  to  assign 
the  limits  of  error  with  perfect  mathematical 
certainty.    This,  in  the  other  case,  we  are  un- 
able to  do,  although  we  can  attain  to  mathema- 
tical certainty  as  to  what  result  of  a  series  of 
observations,  we  are  bound,  as  rational  bemgs 
capable  of  calculating  chances,  to  employ. 

Appiilse.  When  the  moon  passes  very  near 
a  star,  there  is  said  to  be  an  appulse.  The  pre- 
cise moment  of  its  occurrence  is  very  carefully 
observed.  We  find  it  of  the  utmost  use,  when 
we  wish  to  determine  very  accurately  the  longi- 
tude of  a  place,  and  when  we  wish  to  correct  the 
errors  of  tables,  to  know  the  exact  moment  of 
appulse. 

April.  The  fourth  month  of  our  year.  The 
Sim  during  this  month  is  passing  through  Taurus. 
The  word  is  derived  from  aperio,  from  the  open- 
ing up  of  the  treasm-es  of  the  earth  after  the  pas- 
sage of  winter. 

Apsides.  Those  points  of  a  body's  path 
where  its  motion  is  at  right  angles,  to  the  line  to 
the  centre  around  which  its  motion  exists.  They 
are  the  same  points  as  the  apogee  and  perigee, 
the  aphelion  and  perihelion. 

AqiiUa.  A  fine  constellation  m  the  northern 
hemisphere. 

Ara.  A  constellation  of  the  southern  heini- 
sphere,  under  the  tail  of  Scoi-pio.  It  contains 
three  stars  of  the  third  magnitude.  The  myth 
is,  that  it  was  the  altar  on  which  the  gods  swore 
fealty  to  Jupiter,  before  the  war  with  the  Titans. 

Arch.  The  theoiy  of  the  equilibrium  of 
the  arch,  is  one  manifestly  of  great  importance 
to  the  practical  buUder.  Frequently  cases  occur 
in  his  practice  where  it  is  desirable  that  a  solid 
road  should  be  made  over  some  impassable  spot, 
without  completely  building  up  the  included 
space.  If  he  should  attempt  to  throw  a  straight 
rod  or  line  of  way  over  this  space,  its  own 
weight  frequently,  and  almost  certainly  the 
passing  of  any  considerable  mass  m  adcUtion  to 
that  above  it,  would  break  down  the  stnictnre 
entirely.  Every  part  of  the  bridge  between  the 
solid  piers  on  which  it  would  rest,  would  be 
solicited  by  a  downward  force  of  gravity,  due 
to  its  own  weight.  The  part  above  the  piers 
could  not  obey  this  solicitation,  and  so  there 
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would  be  a  force  endeavouring  to  turn  the  dif- 
ferent parts  of  the  bridge  round  these  different 
points.  Thus  at  any  point  in  the  middle,  sup- 
pose c,  in  the  figure,  there  would  be  a  downward 
force  due  to  the  weight  of  the  mass,  c.    Let  us 
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forget  for  the  present  that  the  whole  of  the  line, 
A  c  B,  is  composed  of  parts  quite  as  heavy  as  c, 
and  examine  the  result  there,  if  a  c  b  were  simply 
a  straight  rod  without  weight,  which  sustained 
the  heavy  mass,  c,  upon  it.    It  is  evident  that 
the  same  result  with  certain  modifications  in- 
creasing its  effect,  would  occur  at  all  the  points 
of  A  c  B.    Let  us  suppose  now  that  the  part  b  c 
is  removed,  and  that  only  A  c  remains,  with  the 
mass,  c,  attached  to  it,  a  being  a  fixed  pomt  to 
which  the  stiff  rod,  A  c,  is  attached.    The  mass, 
c,  tends  to  fall  straight  downwards  in  the  line, 
c  D.    But  that  it  cannot  do.    It  moves  under 
one  condition,  that  it  shall  always  be  at  the 
same  distance,  A  c,  from  the  immovable  pomt  a, 
to  which  the  inflexible  rod,  A  c,  attaches  it.  In 
fact  it  would  jus.  be  as  if  we  described  a  sphere 
round  a,  with  a  c  for  its  radius.    The  circum- 
ference of  the  sphere  includes  every  point  in 
space  at  the  same  distance  from  a  that  c  is,  and 
so  far  as  the  connection  of  c  through  the  m- 
flexible  rod  with  a  is  concerned,  the  ball,  c,  can- 
not move  but  along  the  circumference  of  this 
sphere.    Then  again,  gravity  always  takes  it 
straight  downwards.    It  can  only  move  then  in 
a  downward  direction— right  down  vertically, 
along  this  sphere  to  which  the  rod  fastens  it. 
So,  suppose  that  the  plane  of  the  paper  is  verti- 
cal to  the  horizon,  the  ball  c,  must  describe 
whatever  motion  it  can  in  that  plane,  and  also 
in  the  sphere ;  therefore  manifestly  in  the  verti- 
cal circle,  A  c  f.    If  we  suppose  A  c  similarly 
taken  away,  and  b  c  a  rod  inflexibly  fixed 
to  the  immovable  point  b,  c  could  only  move 
along  c  E.    Kow,  if  A  c  b  were  perfectly  rigid, 
that  is,  if  B  c  or  A  c  were  stiff  enough  absolutely 
to  produce  all  the  effects  which  are  destroyed  in 
their  removals,  the  point  would  remain  quite 
steadfast  at  a    But  they  are  not  so.    b  c  tends 
to  act  a  little  as  if  it  had  been  removed.  It  does 
not  do  the  full  complement  of  work  in  resisting 
the  motion  along  c  k  that  a  quite  inflexible  rod 
b  would  do.    Neither  does  a  c  in  resisting  the 
motion  along  c  e.    Seeking  therefore  to  move  in 
both  directions,  the  body  c  moves  in  a  sort  of 
middle  one  and  goes  down,  suppose  to  the  point 
G.    This  line,  c  e,  through  which  c  falls,  will 
quite  evidently  be  longer  or  shorter  as  the  beam 
is  looser  or  stUfer,  less  or  more  flexible.    If  the 
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beam  were  quite  inflexible  it  would  be  absolutely 
nothing.  Take  the  new  circumstances  then. 
In  falling  to  the  point  g,  the  mass  has  obeyed 
neither  of  the  laws  which  bound  it  to  the  spheres, 
because  it  ought  to  obey  both,  which  were  con- 
tradictory. It  has  nevertheless  fallen  to  g.  The 
masses  a  c  and  b  c  then  have  become  distended 
to  X  G  and  b  g.  They  have  in  fact  been  each 
pulled  out  and  consequently  weakened.  The 
cohesion  of  their  particles  has  been  so  far  dimi- 
nished, and  they  are  less  able  to  bear  new 
weights  than  before.  This  tendency  to  sink  and 
to  damage  the  strength  of  the  mass,  and  ulti- 
mately to  tear  it  possibly  asunder,  has  been  act- 
ing at  all  the  points  of  a  b,  and  not  alone  at  c  : 
we  can  fancy  then  that  the  mass,  a  c  b,  will  take 
the  lengthened  out  form  represented  in  the  figure,, 
in  consequence  of  its  weight. 


Again,  when  the  straight  rod,  ab,  has  reached 
this  form,  A  o  B,  is  it  any  more  secure  ?  Unless 
somehow  or  other  new  forms  have  been  brought 
into  play  by  this  curvilinear  shape,  it  is  evi- 
dently not  one  whit  more— rather  something 
less.  Every  part  of  it  possesses  the  same  weight 
as  before,  and  that  tends  to  carry  each  part 
downwards  in  a  new  circle,  G  n  and  o  l,  and  the 
resistance  which  h  g  and  g  b  can  offer,  the 
amount  by  which  they  are  inferior  to  perfectly 
flexible  rods  is  less  than  before,  generally,  with 
some  bodies  not  necessarily,  however.  We  must 
examine,  then,  this  new  case,  because  if  we  find 
that  no  new  forces  are  introduced  by  the  curvi- 
linear figure,  it  will  be  clear  that  no  straight 
roadway  can  bridge  over  a  space,  and  also  that 
no  hanging  chain,  like  a  c  b  in  the  last  figure, 
can  do  it.  We  find  that  they  can  in  practice  to 
a  certain  extent,  and  we  must  examine  therefore 
where  their  source  of  power  is — how  they  are 
able  to  resist  this  continual  dragging  downward 
inseparable  from  them  in  virtue  of  then-  weight. 
To  take  up  again  the  case,  therefore.  Let  a  g  b 
be  the  form  of  the  line  to  which  the  weight,  G, 
hangs  as  before. 


Let  us  adopt  a  standard  of  length  for  the  re- 
presentation of  force,  and  suppose,  for  example, 
that  G  K  represents  in  length,  as  it  does  in  direc- 
tion, the  force  of  gravity.  This  then  acts  upon 
the  mass,  a  g  b,  and  the  ball,  g,  and  will  not 
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permit  rest  in  consequence  of  the  imperfect  in- 
flexibility of  a  G  and  G  b,  unless  some  force  con- 
trary in '  direction  and  equal  in  magnitude  to 
G  K  be  somehow  evolved,  or  some  forces  equi- 
valent to  such  a  one.    Let  the  line  g  f  (k  o  pro- 
duced) represent  this.    Then,  as  we  can  only 
conceive  of  forces  acting  in  matter,  we  can  only 
obtain  these  required  forces  along  the  rod,  a  o 
and  B  G.  According,  therefore,  to  the  proposition 
of  the  composition  of  forces  (see  Force),  if  we 
draw  F  E  and  f  l  parallel  to  b  g  and  a  o,  forces 
which  would  be  represented  in  magnitude  and 
direction,  according  to  the  standard  we  have 
adopted  by  G  l  and  g  e,  would  be  eqviivalent  to 
G  F.    If  then  such  forces  can  be,  and  are  called 
out  in  the  circumstances,  there  will  be  an  equi- 
poise to  the  force,  G  k,  representing  gravity  and 
equilibrium  so  far  as  that  goes.    There  would 
be  equilibrium  therefore  thus  so  far  as  g  is  con- 
cerned.   But  as  regards  a  G  and  b  g,  would 
there  also  be  equilibrium  with  those  forces  which 
are  thus  called  out  m  these  rods  alone  acting? 
And  is  there  not  besides  in  fact  an  equilibrium 
as  regards  these  rods  ?  Why  do  these  forces  not 
send  the  pieces,  A  G  and  b  g,  away  upwards 
through  the  air,  tearing  asunder  the  connection 
at  G?    Evidently  because  the  rocks  are  there  to 
prevent  it.  The  points  a  and  b  are  fixed  points,  and 
they  prevent  it.    g  a  and  g  b  are  pushed  against 
them  by  these  forces  and  away,  but  they  give  back  a 
force  equal  and  opposite,  and  represented  by 
A  D  (=  G  e),  and  b  H  (=  G  l)  in  direction  and 
magnitude.  They  therefore  counteract  the  forces, 
G  E  and  G  L,  and  there  is  equilibrium  there  also. 
There  is  therefore  a  pulling  force  exercised  on 
A  and  B  respectively,  A  d  and  b  h,  and  there  is 
again  a  tension  equal  and  opposite  to  that,  and 
keeping  the  rods  in  equilibrium.    These  latter 
pair  of  forces  are,  however,  required  for  the  coun- 
teraction of  the  weight  G,  and  the  result  there- 
fore is,  that  the  three,.GE,  g  d,  g  l,  produce 
equilibriums  at  g,  while  the  forces  d  a  and  b  h, 
pulling  A  and  b  downwards,  are  transmitted 
from  G,  the  origin  of  the  action.    If,  therefore, 
the  bars  A  G  and  b  g  are  strong  enough  to  resist 
the  disintegration  which  the  transmission  of 
these  tensions  might  produce,  if  such  a  force, 
first  acting  at  g,  and  transmitted  by  its  cohesion 
to  the  next  pai-ticle,  and  by  it  to  its  neighbour, 
and  so  on  till  a  and  b,  find  no  place  in  the  mass 
of  the  rods  where  the  cohesion  is  a  smaller  force 
than  itself,  and  therefore  incapable  of  resisting  it, 
there  will  be  equilibrium. 

When  once  the  equilibrium  is  established,  it 
will  evidently  not  at  all  matter  how  the  relation 
which  the  whole  arrangement  holds  as  regards 
any  external  object,  e.g.  the  horizon,  be  changed, 
if  there  be  no  change  thereby  produced  in  any  of 
the  acting  forces.  Let  us  suppose  that  the 
figure  which  we  have  described  is  turned 
downside  up,  and  that  it  makes,  in  consequence, 
such  an  appearance  as  in  the  figure  at  the 
top  of  the  opposite  column.    AU  the  circumr 
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stances  of  import  in  the  case  •will  be  quite  re- 
versed.   In  order-  that  this  reversal  shall  be 


complete,  however,  it  is  evident  that  the  force 
a  K  acts  upwards,  instead  of  downwards,  and 
is,  in  fact,  a  prop  now  instead  of  a  weight,  when 
the  equilibrium  is  established. 

We  shall  take  a  more  complex  case,  however, 
of  the  equilibrium  of  chains,  which,  as  more 
readily  intelligible  to  the  learner,  we  thus  take, 
as  it  rests  on  quite  the  same  principles,  as  intro- 
ductory to  that  of  arches.  Suppose  that  a 
weight,  c,  is  attached  to  the  point  c,  belonging 
to  a  string,  a,  b,  c,  d,  g,  which  is  incapable  of 
stretching,  or,  in  fact,  of  motion,  and  that  we 
want  to  find  the  tensions  that  act  along  the 
string,  by  which  the  equilibrium  is  kept  up,  and 
the  weights  that  must  be  hun^  at  the  other 
points,  B  and  d,  for  this  .purposeo 


Let  c  T,  the  equal  and  opposite  strain,  be  com 
pounded  of  c  s,  c  e.  Then  the  tensions  s  c  and  c  e, 
in  the  strings  b  cand  c  d  are  needful  to  preserv^e 
equilibrium  at  c.  But  not  only  there  is  equili- 
brium necessary.  It  must  be  also  kept  in  b  c  and 
c  D.  There  must,  therefore,  befsqual  and  opposite 
tensions.  There  must  be  a  force,  b  f  =  c  s, 
and  a  force  d  k  =  c  e.  Let  these,  then,  be  mea- 
sured oflf.  Now,  if  weights  be  at  all  hung  at 
B  and  D,  tTie  direction  of  their  counterbalancing 
forces  must  be  vertical,  because  they  themselves 
must  hang  vertically.  Draw  b  k  and  d  n,  there- 
fore, v^ertically  through  b  and  d,  and  draw  the 
lines  F  K  and  ii  n  parallel  to  b  a  and  d  g.  Com- 
plete now  the  parallelograms  Fh  and  b  sr.  Then 
the  force  of  gravity  actuig  at  b,  i.e.  the  weight 
to  be  put  at  b,  will  be  represented  by  the  length 
B  K,  and  that  at  d  by  d  n,  and  the  tensions 
acting  on  a  and  o,  the  fixed  points,  by  b  L  and 
D  M.  Hence  we  have  been  able,  given  the 
figure  which  the  polygon  is  to  assume,  to  find 
the  weights  which  must  be  suspended  at  all  but 
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one  of  the  angular  points  of  it,  and  the  tensions 
by  which  its  strings  will  be  stretched. 

The  exact  converse  of  this  proposition  depend- 
ing, therefore,  on  the  same  methods  of  proof, 
would  be  —  given  the  strain  on  the  prop  at 
c  (the  whole  figure  bemg  inverted  upward),  re- 
quired the  strain  on  the  props  that  must  be 
placed  at  b  and  d,  in  order  that  there  may  be 
an  equilibrium  in  the  whole  system. 

It  is  evident  that  we  might  carry  on  this 
method  of  discovery,  whatever  might  be  the 
number  of  the  points,  b,  c,  d.  If  there  be  more  of 
them,  it  would  just  be  necessaiy  to  repeat  the 
process  the  oftener,  but  on  the  same  principles 
exactly.    If  there  were  so  many  that  the  whole 
space  between  a  and  e  was  so  filled  that  it 
would  be  scarce  possible  to  distinguish  the  dif- 
ference from  a  curve,  as  m  a  chain  of  very  small 
links,  where  each  link  is  a  straight  line,  yet, 
from  then-  closeness  the  whole  wears  the  ap- 
pearance of  a  curve,  there  would  be  no  difference 
in  the  principle.    Finally,  if  we  suppose  the 
lines  corresponding  to  the  Imks  (i.  e.  the  sides  of 
the  polygonal  line)  to  be  infinitely  smaU  — 
smaller  than  anything  which  we  can  imagme — 
in  fact,  a  curve,  the  same  thing  exactly  would 
hold  good.  Given  the  form  of  the  curve,  and  the 
weight  which  it  was  to  bear  at  one  point,  it  would 
be  possible  to  tell  how  much  must  be  borne  at 
every  other  point.    If,  instead  of  ha-inng  one  of 
the  weights  thus  given,  such  a  condition  con- 
necting them  were  to  be  givm  as  this:  — Re- 
quired the  form  of  the  curve  which  would  be  that 
of  equilibrium  when  the  weights  would  corres- 
pond to  the  lengths  of  the  infinitely  smaU  poly- 
gonal sides,  a  special  curve  would  be  found  out 
of  the  name  of  the  catenary  (5. «.)  to  satisfy  these 
conditions. 

Tbe  inverse  of  all  these  problems  on  chains  or 
rods,  where  weights  fall  down,  would  be  like 
problems  on  rods  which  props  hold  up,  which 
props,  therefore,  sustain  a  certain  amount  of 
measm-eable  pressure.  Suppose,  now,  we  consi- 
der such  upright  polygonal  lines,  where  there 
are  weights  acting,  as  in  the  suspended  ones,  and 
where  no  props  are  brought  into  play.  Let  a 
given  weight  be  placed  at  the  point  d  ;  it  is  re- 
quired to  throw  what  weight  will  have  to  be  put 
on  at  the  points  c,  b,  g,  e,  so  that  equiUbrium 


will  result.  Suppose  the  weight  at  d  to  be  re- 
presented by  B  Q  in  dii-ectiou  and  magnitude. 


Then  since  d  q  can  be  decomposed  into  forces 
1)  T  and  D  T',  opposite  and  equal  forces  to  these 
can  neutralize.  Suppose,  therefore,  a  force  in 
the  direction  td,  instead  of  dt,  a  force  of  equal 
amount,  in  an  opposite  direction,  must  act  on  the 
bar  c  D.  Let  it  be  s  c.  Then  draw  c  p  per- 
pendicular as  before,  and  sp  parallel  to  c  b,  and 
complete  the  parallelogram  p  k  c  s.  Then  r  c 
will  represent  in  direction  and  magnitude  the 
tension  on  b  c  and  c  p  the  weight  required.  So 
that  equilibrium  may  be  produced,  the  tension 
in  CD  meanwhile  remaining  equal  to  td,  one  of 
the  components  of  d  q.  Carrj'ing  the  same  prin- 
ciple round  to  all  the  points,  we  can  evidently 
get  values  for  the  weights  to  be  placed  at  b,  c,  e,  g. 
We  shall  seek  then  to  gain  some  more  accurate 
formular  notion  of  the  value  of  c  p,  which  we 
can  thus  obtain  by  geometry. 

It  is  a  weU-known  trigonometrical  proposition 
that  the  sides  of  a  plane  triangle  are  proportioned 
to  the  sines  of  the  opposite  angles.  Our  readers 
will  find  this  demonstrated,  if  they  do  not  al- 
ready know  it,  in  any  work  on  Trigonometry, 
and  in  most  on  Geometry.  Hence  d  q  :  d  t  : : 
sin.  D  T  Q  :  sin.  d  q  T.  Now,  sin.  d  t  q  =  sin. 
T  D  T',  because  t  d  t'  and  d  t  Q  are  supplements 
of  one  another.  Also,  since  d  q  t  and  q  d  t'  axe 
equal,  sin.  d  q  t  ==  sin.  T' d  q. 

Hence  the  formula  takes  this  form: — 

dq  :  DT  : :  sin.  tdt*  :  sin.  qdt'. 

Now  T  D  =  C  S. 

Hence  d Q  ;  c s  : :  sin.  t d t"  :  sin.  qdt' 
Again,  c  s  :  c  p  ; :  sin.  c  p  s  :  sin.  c  s  p, 

the  same  reasoning  as  before, 
c  8  :  C  P  : :  sin.  B  c  P  :  sin.  BCD. 
Multiply  the  ratios;  dq  :  cp  : :  sin.  b  c  p  X  sin. 

T  D  T'  :  sin.  Q  D  T  X  sin.  BCD. 
Or,  D  Q  :  CP  :  :  sin.  b  c  p  X  sin.  C  d  e  :  sin. 

Q  D  E  X  sin.  BCD. 
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at  any  part.  This  problem  is,  given  the  bridge, 
and  tiie  weight  at  a  certain  point,  required  to  find 
the  strain  at  all  other  points  of  the  bridge.  The 
problem,  however,  more  usually  presents  itself 
in  the  inverse  form  when  the  bridge  is  to  bo 
built,  and  knowing  certain  data  of  the  weights 
which  it  will  have  to  resist,  we  seek  to  discover 
the  form  which  we  ought  to  give. 

Thus,  let  D  be  given,  and  the  weights  repre- 
sented by  D  Q,  c  p,  B  o,  and  also  the  direction  of 
D  c,  and  D  E,  it  is  required  to  find  the  figure. 
Draw  D  Q  vertically  between  c  d  and  d  e,  and 


or 


by 


Now,  CP  is  the  only  unknown  quantity  of  all 
those  here  given,  d  q  is  known,  as  representing 
the  weight ;  c  d  e  and  b  c  d  are  angles  of  the 
adjacent  sides  of  the  polygonal  line,  and  the 
other  angles,  b  c  p  and  Q  d  e,  represent  the 
angles  made  with  the  successive  sides  by  the 
vertical,  which  is  a  datum  also  given.  It  be- 
comes possible  thus,  given  the  curve  in  the  sort 
of  arch  that  is  to  be  described,  and  the  weight 
that  is  to  lie  at  one  point  of  it,  to  find  the  weigTits 
that  must  lie  upon  the  others. 

This  is  one  form  in  which  the  problem  of  the 
equilibrium  of  arches  frequently  comes  before 
us.  Given  a  certain  arch  or  bridge  of  a  curving 
form,  and  supposing  a  certain  weight  hanging 
on  one  part  of  the  arch,  what  weight  ought  to 
be  attached  to  the  others  to  keep  equilibrium  ? 
Or,  as  generally,  a  weight  is  attached  to  some 
and  not  to  others,  it  is  required  to  know  what 
weights  these  are  whose  downward  force  the  co- 
hesion of  the  bridge  materials  must  be  able  to 
resist,  so  that  when  a  certain  weight  is  laid  on 
one  part  of  the  bridge,  it  may  not  break  down 


complete  the  figure  d  T  Q  t'.  Make  c  s  equal  to 
D  T,  and  join  s  p.  Draw  c  b  parallel  to  that  and 
p  K  paraUel  to  c  s.  Then  making  b  c  equal 
to  the  given  side,  make  b  G  =  c  k,  and  b  o 
vertical  equal  to  the  given  length.  Join  g  o, 
and  draw  b  a  parallel  to  it,  and  o  A  to  b  G, 
and  so  on. 

Following  the  same  method,  for  the  sake  of 
discovering  the  unlsnown  quantities  here,  that 
we  knew  before,  we  have — 

D  Q.  sin.  QDT 
T)  T     ■  .  ^  

sm.  C  D  E 

This  gives  t  d  or  c  8.  Then  c  s  is  known,  c  P 
is  also  known,  and  the  angle  s  c  p  is  the  sup- 
plement of  T  d  Q,  and,  therefore,  is  also  known; 
so  that  thus,  by  trigonometrical  principles,  we 
can  easily  find  s  p  or  c  k  {Euc.  i.  34),  and  c  s  p, 
which  {Euc.  i.  29)  is  the  supplement  of  r  c  s. 

These,  then,  are  the  two  problems,  inverse 
one  to  the  other,  wth  which  the  architect  has  to 
do.  Given  the  bridge— what  strains  will  be 
brought  on  it,  all  its  parts,  by  the  placing  of  a 
certain  strain  on 'one;  and,  secondlj',  given  the 
utmost  strain  which  each  part  will  require  to 
bear  to  discover  a  form  of  arch— one  or  two  data 
as  to  its  character  at  the  croA\Ti  of  the  arch 
(e.g.  the  angles  t  d  q  and  t' d  q)  being  given— 
which  shall  give  equilibrium  under  the  pressures 
to  which  these  strains  are  due. 

In  the  usual  case,  the  form  which  it  is  desir- 
able to  give  the  arch  is  that  of  some  curve,  or 
rather  of  some  polygonal  line,  very  nearly  ap- 
proaching a  cur^'e,  and  whose  peculiarities  can 
be  best  investigated  on  the  principles  of  the 
differential  or  integral  calculus,  by  supposing  it  a 
curve.  In  that  case,  the  angle  x  c  d,  which  is 
the  supplement  of  b  c  d  in  the  last  figure,  be- 
comes the  angle  between  the  tangent  to  the 
curve  at  c,  and  the  curve  itself.    This  angle 


39 


AEC 

between  a  tangent  to  a  curve,  and  the  curve 
itself,  the  angle  of  contact,  as  it  is  called,  varies 
as  the  curvature  of  the  curve  varies.  For 
example,  if  we  describe  two  or  three  circles  all 
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touching  one  common  tangent,  it  will  be  mani- 
fest enough  (fig.  2)  that  the  angle  of  contact  is 
much  greater  in  the  smaller  than  in  the  larger. 

Now,  there  is  supposed  to  be  a  circle,  which 
coincides  the  nearest  possible  with  every  curve 
at  each  point  of  its  curvature.  It  is  merely  sup- 
posed, for  the  sake  of  assisting  om-  notions  of 
curvature,  by  referring  them  to  the  readily  intel- 
ligible curve  of  the  circle.  However,  these  circles 
of  curvature  are  supposed  through  the  given 
point,  and  two  points  of  the  curve  indefinitely 
near  it,  and,  therefore,  do  closely  coincide  with 
it,  and  represent  its  curvature  at  the  point.  The 
radius  of  the  circle  is  called  the  radius  of  curva- 
ture. Now,  the  angle  of  contact  of  which  we 
have  spoken,  corresponding  to  x  c  d  in  the  last 
figure,  varies  inversely  as  this  radius  of  curva- 
ture does — that  is,  is  reciprocally  proportional 
to  it.  Also,  the  angles  fob,  p  c  d,  in  that 
figure  are  equal  to  p  c  D,  p  c  s,  in  this,  because 
the  tangent  at  a  point  is  indefinitely  near  in 
direction  to  the  very  small  sides  of  the  polygonal 
figure  substituted  in  idea  for  the  eurwe,  and  its 
direction  may,  without  error,  be  substituted  for 
theirs.  Now,  pod  and  p  c  s  are  supplements, 
and  theur  sines  are  therefore  equal. 

Now,  we  saw  already,  in  the  proof  above 
that  where  the  same  circumstances,  known  and 
unknown,  were  considered,  with  only  a  difierent 
Bet,  known  and  unknown,  from  these  in  the  last 
case,  that 


D  Q 


c  P  :  :  sin.  b  c  p  X  sin.  ode:  sm. 

Q  D  E  X  sin.  BCD. 

BCD 


sm. 


i.e.  D  Q  :  c  P 


sm.  c  D  E 


sin.  Q  D  E      sm.  b  c  p 
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another  element  has  to  be  introduced,  which  we 
eliminated  from  consideration,  rightly  in  the  case 
of  the  two  adjacent  sides,  and  the  full  formula 
would  be — 

sin.  c  D  E 


That  is,  each  weight  is  directly  proportional  to 
the  sine  of  the  polygonal  angle  corresponduig, 
and  inversely  to  that  of  the  angle  of  the  poly- 
gonal side,  adjacent  with  the  vertical.  The  poly- 
gonal angle  is  the  supplement  of  this  angle  of 
contact,  and  its  sine  is  therefore  equal  to  it. 
With  two  adjacent  sides,  the  weight  mversely 
proportional  to  the  sine  of  this  angle  of  the  tan- 
gent, with  the  vertical,  would  give  quite  correct 
results;  but  in  considering  two  remote  sides, 


D  Q  ;  c  P 


sin.  BCD 


sin.  PCD,  sin,  q  d  E 
sin.  BOP  sin.  Q  d  e 

In  the  case  of  the  two  adjacent  sides  actually 
represented  in  that  figure,  sin.  Q  d  c  and  sin. 
PCD  are  equal,  and  may,  therefore,  be  struck 
out  of  the  proportion.  In  the  case  of  the  curve, 
where,  having  lost  sight  of  the  sides  from  their 
indefinite  minuteness,  we  ought  no  longer  to  con- 
sider any  two  as  adjacent,  we  must  not  omit 
them.  Remembering,  then,  that  b  c  p  and  pod 
are  supplemental  in  the  case  of  the  curve  and 
their  sines  equal  we  find,  that  the  weight  varies 
as  the  fraction 



Radius  of  curvature  X  (sm.  s  o  p)« 

This  gives  us  the  actual  weight  which  may  be 
put  on  at  each  spot.  But  it  is  desirable  to 
know,  instead  of  that,  the  actual  thickness  up 
to  which  we  may  lay  on  a  uniform  material,  in- 
stead of  as  thus.  Now,  the  actual  weight  of  a 
certain  length,  near  any  given  point,  will  not  aU 
lie  pushing  down  with  the  same  force,  as  if  at 
the  top,  when  on  the  inclined  part  of  the  cur\'es. 
In  fact,  an  equal  mass  of  stone  at  the  curves, 
and  on  the  side  of  the  cur\'e,  would  clearly  not 
hang  on  an  equal  length  of  the  curve  at  all,  bat 
on  a  length,  which  would  be  inversely  propor- 
tional to  the  sine  of  the  angle  s  c  p  at  the  place. 
Hence  it  would  be  necessary  to  heap  up  the  stone 
in  this  proportion,  and  the  height  c  p  might  be 
represented  by  the  formula 


(Radius  of  curvature)  X  (sm.  s  c  p)^ 

Again,  p  c  s  =  complement  of  s  c  h,  and  there- 
fore sin.  s  c  p  =  cos  s  0  H,  and  the  formula 
becomes 

 1  

Radius  of  curvature  X  cos.  'sen 

Sec  3  s  c  H 
Radius  of  curvatui-e 

The  methods  of  finding  the  radii  of  cui-vature, 
upon  which  the  theory  of  equilibrium  of  arches 
is  thus  seen  to  depend,  rest  upon  principles  be- 
longing more  peculiarly  to  the  higher  mathe- 
matics, and  are  tejlinical ;  but  we  trust  that,  so 
far  as  we  have  gone,  the  reader,  with  a  little 
trigonometry,  or  taking  for  granted  the  trigono- 
metrical formulae  which  we  have  required  to  state, 
will  not  liave  found  very  serious  ditliculties. 

Taking  this  formula,  then,  for  granted,  we 
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^luJl  compare  the  different  parts  of  the  arches, 
lie  witli  the  other.  The  weakest  phice  we  should 
naturally  expect  to  be  the  crown  of  the  arch. 
AH  the  masses  on  each  side  tend  to  pull  it  down, 
and  it  is  least  sup|iorted  obliquely  of  any. 
This  we  actually  discover  generally  in  the  arch. 
At  the  crown,  the  angle  sen  becomes  =  oO , 
and  its  secant,  therefore,  equal  to  1.  The  quan- 
tity, sec.  a  s  c  ii,  is  then  at  its  minimum  value. 
We  cannot  compare,  however,  the  other  quantity 
included  in  tlie  formula,  imtil  we  know  the  spe- 
cial curves. 

Again,  comparing  the  strength  of  two  arches, 
it  is  evident  that  it  will  be  sufficient  to  compare 
the  weights  which  each  can  sustain  at  this  their 
weakest  point.  If  a  pressure  be  brought  on  the 
weakest  part  greater  than  it  can  sustain,  then 
no  matter  how  great  the  capabilities  of  other 
parts  of  the  arch  may  be,  it  will  fall.  Compar- 
ing, then,  the  weights  at  the  crown,  we  find 
sec.  3  s  c  H  to  be  equal  to  1  for  both,  and,  there- 
fore, the  strengths  are  respectively  in  the  inverse 
proportion  of  the  radii  of  curvature.  To  take  a 
practical  instance  of  this,  the  radii  of  curvature 
to  arches  of  the  follomng  curves,  each  with  a 
span  of  100  feet,  and  a  rise  of  40  feet,  are  given 
in  the  table : — 

Segment  of  a  circle  51*25 

Parabola  30125 

Ellipse  62-5 

Hyperbola  37-117 

Catenary  36-9 

Hence  the  parabola,  having  the  smallest  radius 
^of  curvature,  can  bear  the  greatest  weight  at  the 
rcrown,  and  the  ellipse,  having  the  largest,  the 
eJeast.  In  accordance  with  this  fact,  it  is  found 
hthat  there  are  very  few  elliptical  arches  of  large 
jepan,  in  propo'  tion  to  their  height  (in  this  in- 
tstance  the  disproportion  is  not  nearly  so  great  as 
t  it  frequently  is),  where  the  crown  has  not  sunk 
I  a  certain  distance.    Where  the  arch  is  so  low, 

"the  circle  that  it  resembles  becomes  very  large  

d.e.  the  radius  of  curvature  is  very  large. 
The  formula,  then,  which  we  have  found 
Sec.  3  s  c  H 
Eadius  of  curvature, 

expresses  the  weight  of  a  superincumbent  mass 
of  uniform  substance,  as  masonrv,  under  the 
pressure  of  which  aU  the  parts  of  the  curve  will 
»;be  in  equilibrio. 

It  is  easy,  therefore,  by  mere  application  of 
this  to  a  given  cur\-e,  whose  laws  are  known, 
to  solve  thU  problem :  -  Given  the  inirados 
Of  a  bridge  (i.e.  the  inner  curve),  to  find  the 


height  of  the  superincumbent  wall,  or  extradog. 
It  each  point,  so  that  under  its  pressure  there 
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may  be  equilibrium.  We  might  go  along,  fak- 
ing one  given  curve  (see  fig.)  marking  off  at 
each  point  of  its  length,  the  values  of  the  formula 

Sec.  3  s  c  H 
Radius  of  curvature, 

and  so,  joining  our  consecutive  points  thus  ob- 
tained, coming  to  a  polygonal  line,  while  the 
closer  our  points  were  brought  (as  for  a  perfect 
solution  they  would  need  to  be  indefinitely  close), 
this  line  would  become  more  and  more  curved, 
would  give  nearer  and  nearer  the  complete  curve 
of  the  extrados. 

The  inverse  problem,  to  find  the  in  trades  when 
the  extrados  is  given,  is  frequently  also  of  very 
great  use.  It  rests  on  the  same  principles,  and 
we  shall,  therefore,  not  give  any  further  account 
of  it  here.  The  one  is  required  when  we  require 
a  special  form  of  arch  for  the  transit  of  vessels, 
and  when  it  is  not  of  essential  importance  what 
sort  of  passage  way  there  may  be,  so  that  there 
be  one  at  all.  The  other  is  of  chief  importance, 
where  the  bridge  is  to  be  used  only  as  a  road- 
way. 

There  are  various  other  matters  of  considerable 
importance  in  the  theory  of  arches,  which  the 
very  limited  space  at  our  disposal  compels  us 
to  pass  over.  A  number  of  the  practical,  de- 
tails connected  with  it  are  given  in  the 
article  on  Bridges,  to  which  we  must  refer. 
For  the  theory  of  the  Arch,  the  reader  not 
acquainted  very  intimately  with  mathematics 
may  refer,  with  great  advantage,  to  Gwilt's 
treatise  on  the  subject,  to  which  the  present 
article  is  much  indebted ;  and,  for  the  fuller  in- 
vestigation of  it,  the  admirable  article  in  the 
new  edition  of  the  Encyclopaedia  Britannica  will 
supply  ample  means.    See  Skew- Arch. 

Arch  in  Architecture.  The  arch,  as  a 
mode  of  passing  from  one  pillar  or  upright  sup- 
port, in  Architecture,  to  another,  has  had  in  prac- 
tice various  forms ;  and  these  are  not  uncharac- 
teristic of  Architectural  styles  prevalent  at 
various  epochs.  The  present  Dictionaiy  not 
including  matters  relating  to  the  Fine  Arts,  we 
shall  simply  specify  that  the  Romans  put  in 
practice  the  round  arch  and  the  vaiUt.  The 
pointed  or  Gothic  arch,  succeeded  to  the 
circular  one;  out  of  this 
arch,  or  arch  of  the  form 
below,  in  which  the  folia- 
tions A  and  B  were  origi- 
nally meant  to  give  the  arch 
greater  power  to  resist  a 
vertical  pressure  applied  ate. 
Various  modifications,  in  the 
way  of  ornament,  grew  out 
of  this  simple  case  of  foliation;  but  into  these 
we  lihall  not  enter.  There  is  further  tin 
arch,  or  arch  of  double  curvature, 
as  below.  This  arch  has  many 
ornamental    modilications.  See 

ARCUITtCTUBE,  DoMK,  &C. 
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Archimedes,  Principle  of.    We  owe  to 

the  immortal  Syracasan  the  establishment  of 
the  principle  which  may  be  termed  the  founda- 
tion or  corner-stone  of  rational  statics,  viz.,  the 
principle  of  the  eqtnlihrium  of  the  lever.  The 
principle  itself  is  now  well  known ;  it  is,  that  a 
lever,  loaded  with  two  weights,  on  opposite  sides 
of  the  fulcrum,  is  in  equilibrio  when  the  weights 
are  inversely  proportional  to  the  length  of  the 
arms  at  whose  extremities  they  respectively 
hang;  to  which  may  be  added,  as  a  supple- 
ment, that  the  pressure  on  the  fulcrum  of  the 
lever  is  then  exactly  the  sum  of  the  two  weights. 
The  demonstration  given  by  Archimedes  is  a 
very  simple  and  fine  one.    Claiming  it  as  an 
axiom  in  mechanics— either  as  self-evident,  or  a 
result  of  universal  experience— that  the  lever 
will  be  in  equilibrio  when  two  equal  weights 
hang  at  the  ends  of  equal  arms,  he  first  takes 
the  case  of  commensurable  unequal  weights ;  and, 
by  the  artifice  of  dividing  the  two  into  dififerent 
numbers  of  equal  weights,   and  transporting 
these  by  equal  distances  to  one  side  and  the 
other  of  the  lever,  he  easily  arrives  at  the  gene- 
ral conclusion.    The  theorem  is  then  extended 
to  the  case  of  incommensurable  weights,  by  a 
species  of  reasoning  familiar  to  all  students  of 
Euclid.    Various  authors  have  criticised  the 
process  of  Archimedes,  with  a  \iew  to  simplify 
it,  or  to  remove  fancied  defects.  It  cannot  be  said 
that  much  good  has  followed,  at  least  if  we  ex- 
cept the  efforts  of  Stevin  and  Gal'deo.  There 
are  some  fine  remarks  on  the  whole  subject  m 
the  preliminary  chapter  of  the  Mecaniqiie  Ana- 
lytique. 

Archimeiles'  Screw.  A  machine  for  rais- 
ing water,  consisting  of  a  pipe  rolled  round  a 
solid  cylinder.  Sometimes  we  have  a  spiral 
groove  cut  in  a  solid  cylinder,  and  a  water-tight 
cover  put  over  the  cylinder.  This  arrangement 
makes  the  tube  semicircular.  It  is  less  liable  in 
this  way,  however,  to  accident,  since  the  screw 
is  not  exposed.  The  cylinder  is  placed  in  water, 
so  that  the  angle  which  the  axis  makes  with  the 
vertical  be  greater  than  the  angle  at  which  the 
thread  of  the  screw  is  inclined  to  the  right  sec- 
tion of  the  cylinder.  Let  the  reader  take  a  pen- 
cil or  any  similar  cylinder,  and  mark  a  spiral 
round  it  with  his  pen.  Place  it  then  in  the  posi- 
tion we  have  specified,  and  let  him  suppose  the 
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ever,  will  require  to  be  pressed  up,  but  as  it  docs 
not  occupy  so  much  space,  in  consequence  of  the 
screw  having  an  upward  tendency,  it  vnW  not 
press  against  the  other  pressure,  so  as  to  prevent 
any  effect  from  it.    On  the  contrary,  it  will  be 
pushed  upward,  and  more  water  will  enter  at 
the  open  end.     If  the  screw  keep  constantly 
turning,  this  process  will  keep  constantly  going 
on,  and  that  in  every  turn  of  the  thread.  The 
water  constantly  will  be  sent  rapidly  through  the 
tube  upwards  to  the  end  of  it,  and  can  there  be 
made  available  for  any  special  purpose.  The 
turning  of  the  axis,  in  fact,  just  serves  to  repeat 
the  action  of  gravity  upon  the  water  over  and 
over  again,  and  by  this  machine  it  is  made  to 
raise  water  eflectually  by  puUing  it  downwards. 
"We  mentioned  that  the  angle  of  the  axis  of  the 
screw  to  the  vertical  must  be  greater  than  that 
of  the  thread  of  the  screw  to  the  right  section  of 
it  (perpendicular  to  the  axis).   It  wiU  be  readily 
seen  that  the  angle  of  this  section  to  the  horizontal 
is  the  same  as  that  of  the  axis  to  the  ver- 
tical, and  that  if  it  were  less  than  the  angle  of 
thread  to  this  section,  the  screw  would  rise 
throughout  its  whole  course,  and  none  of  the 
water  would  flow  into  it  at  all.  The  screw  may, 
of  course,  be  used  horizontally,  but  no  mechanical 
advantage  is  obtained  by  the  carriage  of  water 
from  one  horizontal  position  to  another.    It  is 
sometimes,  however,  found  convenient    In  the 
explanation  which  we  have  given,  we  said  that 
the  screw  is  just  dipped,  and  no  more,  into  the 
water.    In  practice,  a  good  part  of  the  screw  is 
sometimes  immersed.     The  explanation  is  the 
same  as  before,  and  we  have  only  used  the  limi- 
tation in  order  to  render  the  matter  as  clear  as 
possible. 

Arcbitectiire :— in  its  fuU  generahty,  the 
Science  of  constructing  buildings  suitable  for  spe- 
cified purposes.  But  the  natural  and  laudable 
disposition  of  men  to  ornament  buildings,  erected 
with  pains  and  labour,  has  converted  Architecture 
from  a  portion  of  statical  science  into  a  chief  de- 
partment of  .■Esthetics.  Nay,  it  is  that  portion 
of  cesthetics  to  whose  memorials  we  may  the 
most  surely  appeal,  in  illustration  of  the  taste,  the 
genius,  the  manners  even,  of  past  Ages.  But  into 
this  mode  of  considering  architecture,  we  c?.n  in 
no  wise  enter  here.  Suffice  it  to  say,  that  its 
three  grandest  monuments  are  unquestionably 


f  trVeprLnt       Arc&n  tii;  Hall  of  Karnac,  the  Parthenon  and  that 

figure  before  him_  to  represent  uie  iv  Cathedral  of  Cologne.    These  staud 


screw  Suppose  it  then  just  touching  in  water, 
the  open  end  of  the  screw  being  just  covered.  It 
is  clear  that  the  water  entering  the  screw  at  the 
open  end.  A,  will  descend  the  tube  by  its  weight, 
untU  it  reach  the  point  where  the  screw  again 
ascends,  and,  by  the  principles  of  hydrostatics,  it 
will  ascend  so  far  above  this  as  to  be  on  a  level 
with  the  outside  water.  Turn  the  pencd  then  on 
its  axis.  Then  all  the  water  m  the  descending 
portion  of  the  screw  wiU  press  downwards,  and  it 
will  occupy  a  complete  semi-circumference  of  the 
screw.  All  the  water  in  the  ascending  portion,  how- 


Choir  of  the  Cathedral  of  Cologne.  These  staud 
out  purelv  and  nobly,  indestructible  monuments  of 
Architectural  and  ^Esthetic  power.  If  selection 
should  be  asked,  there  ai-e  few  in  this  nor- 
thern region,  and  with  our  northern  ideas,  who 
would  not  first  exclude  from  competition,  even 
the  exquisite  Parthenon.  Between  the  Hypo- 
style  Hall  and  the  Cathedral,  any  ones  decision 
might  well  waver. — There  are  several  doctrines — 
1  which  should  be  ever  held  cardinal  in  Architecture 

 so  closely  connected  with  Mechanical  Science^ 

I  that  we  take  leave  to  embody  them  here,  as 


42 


I 


ARC 

f  established  maxims.  First.  Buildings  being 
ir  iwe,  use  ought,  as  their  jirst^  to  be  their  final 
'•  m.  Seco.ndly.  Ornament  ought  to  be  sujier- 
daced  on  utilUi/ ;  never  can  it  transgress  this 
unit,  without  our  getting  into  false  taste.  From 
hese  two  maxims,  many  others  follow.  Let 
he  modern  architect  adjudge  by  the  first 
MS  rational  admiration  of  some  earh'  Cathedral 
tinctures,  in  wdiich  there  is  not  a  Buttress  with- 
lut  its  mechanical  import,  or  an  Aisle  without 
ts  interior  employment  and  convenience;  and 
.hen  turn  to  his  efforts  to  reproduce  as  a  modern 
•khurcfi,  a  turretted  and  pinnacled  grotesque,  in 
tkhich  the  parts  no  more  form  a  mechanical  whole 
Ithan  do  the  parts  of  a  confectioner's  bride's  calce ; 
and  ^yhat  is  worse,  in  which  the  interior — defaced 
loesides  by  galleries  choking  up  the  arches — has  not 
Lhejemotest  reference  to  the  requisitions  of  moderu 
f  rotestant  worship.  And  let  him  equally  ad- 
nudge,  by  the  second  maxim — unwarned  as  he 
laas  been  by  the  failure  alike  of  the  flartiboyant 
imnd  the  perpendicular  styles,  in  which  our  pure 
jGothic  had  its  termination, — in  what  manner 
loe  can  explain  grotesques,  so  utterly  without 
nmeaning,  now  reproduced  in  sheerest  and  dullest 
amitation,  but  to  which  no  devout — no  living 
iQuman  Soul — can  now  attach  one  intelligible 
(i'dea !  In  our  modern  vulgar,  and  lifeless,  and 
itibsurd  reproductions,  not  one  living  conception 
s  3  embal  med.  The  great  Cathedrals,  of  old  times, 
irire  mostly  incomplete :  for  instance,  they  have  only 
9ne  instead  of  two  superb  and  symmetrical  towers. 
; [t  has  become  now  a  symbol  of  "correct  and  anti- 
aquarian  fashion"  to  build  even  small  churches 
ivith  one,  side  and  unsymmetrical  tower ! — Let'us 
K  return  to  reason,  and  thus  imitate  those  best  of 
ancient  times.  An  Architecture  worthy  of  mo- 
iiem  genius,  fit  for  modern  uses,  helped  by  all 
nmodern  appliances,  and  ornamented  in  accor- 
iiiance  witli  the  noblest  of  modem  aspirations,  re- 
amains  to  be  created.  "Would  indeed,  that  the  Age 
:ould  obtain  one  thoroughly  good  and  free  Stone 
IHason  of  unfettered  genius! 

Arctic,  (derived  from  the  Greek,  A;K«f,  aljear 
—from  the  proximity  of  the  North  Pole  to  the 
:onstellation  —  the  bear),  is  used  frequently  as 
equivalent  to  Northern.  The  phrase  Arctic  zone 
3  accurately  applied  to  a  circle  having  the  North 
Pole  for  centre,  and  having  a  radius  equal  to  23° 
!8'  nearly.  The  Antarctic  zone  is  a  similar  section 
)f  the  earth's  surface,  having  its  centre  at  the 
south  Pole.  The  Arctic  regions  is  a  phrase  em- 
iloyed  with  reference  to  particular  spots  both  of 
;he  earth  and  sky,  and  refers  in  every  case  to  the 
-•egions  adjacent  to  the  North  Pole.  The  poles 
ire^  the  extremities  of  an  imaginary  line  round 
A-hich  the  earth  performs  her  diurnal  revolution 
v.  Pole).  The  North  Pole  of  tiie  heavens  is 
)btained  by  prolonging  this  line  in  the  direction 
>f  the  celestial  sphere,  and  is  the  point  where 
:his  prolonged  direction  meets  the  sphere.  Of 
:ourse  it  is  not  so  much  a  point  as  a  line  of  direc- 
don,  since  the  sphere  referred  to  is  imaginary. 


ARE 

Arcturiia.  A  well-known  star  in  constella- 
tion Bootes. 

ArcnM,  Principle  of  ;  or  Principle  of  the  Con' 
servation  of.  A  jjrinciple  in  Rational  Mechanics, 
of  so  general  an  ajjplication,  tliat  it  can  scarcely 
be  called  a  secondary  one.  The  first  and  sim- 
plest form  in  which  this  important  principle  can 
be  presented,  is  the  Second  Laiv  of  the  immortal 
Kepler.  Having  found  that  the  planet  Mars 
describes  around  the  Sun  an  ellipse,  in  one  focus 
of  which  the  Sun  is  placed,  he  discerned  soon 
after,  that  the  law  of  the  velocities  of  Alurs 
could  be  expressed  as  follows : — The  radius  vector 
{i.e.  the  line  joining  the  centre  of  the  sun  and 
the  centre  of  the  planet)  sweeps  over  equxd  areas 
in  equal  times.  So  soon  as  the  great  German 
extended  the  fact  of  elliptic  motion  to  all  the 
planets,  he  recognized  the  law  of  the  velocities 
to  be  general  also;  so  that  it  ■could  be  stated  that 
all  the  planets  move  around  the  sun  with  such 
velocities,  that  in, eac/j  case  the  radius  vector  de- 
scribes equal  areas  in  equal  times.  Such  the 
earliest  discovery  through  facts^  of  the  great 
principle  of  the  conservation  of  areas.  Let  us 
attempt  to  describe  it  now  in  its  full  generality. 
Kepler's  law  extended  to  the  case  of  one  planet 
or  orb  encircling  another ;  but  it  belongs  to  the 
most  complex  system,  whose  orbs  are  controlled 
by  a  mutual  attraction.  And  in  the  following 
wise.  Kepler's  law,  in  reference  to  the  plane- 
tary movements,  expresses  close  approximations 
only  ;  it  would  not  be  absolutely  correct  un- 
less in  the  case  of  planetaiy  orbs  moving  inde- 
pendent of  each  other  aroimd  a  central  point. 
If  the  planets  affect  each  other,  perturbations 
ensue.  But  the  principle  of  areas,  rightly  vm- 
derstood,  holds  good  through  all  such  perturba- 
tions. Take,  for  instance,  a  system  of  tlu-ee 
bodies,  such  as  the  Sun,  Earth,  and  Moon. 
If  the  orbits  of  the  earth  and  moon  were  in  the 
same  plane,  Kepler's  law  would  be  this : — The 
sums  of  the  two  areas  described  in  equal  times, 
viz.  of  the  area  described  by  the  radius  vector 
of  the  sun  and  earth,  and  the  area  described  in 
the  same  time  by  the  radius  vector  of  the  earth 
and  moon,  will  always  be  equal.  But  the  orbits 
are  not  in  the  same  plane ;  hence  a  great  compli- 
cacy, not  however  affecting  the  principle  of  the 
conservation  of  areas.  Because  of  the  difference 
oij)lane,  resort  must  be  had  to  the  device  of  pro- 
jection ;  i.e.  the  areas  in  question  must  be  pro- 
jected on  some  one  plane.  Suppose  one's  self 
looking  at  these  motions  through  a  transparent 
sheet  of  glass,  placed  in  any  way,  the  motion  of 
the  two  bodies  would  appear  on  that  transparent 
sheet  as  if  they  were  in  one  plane,  and  tlie  areas 
described  by  their  radii  veclores,  would,  as  seen  on 
that  sheet,  have  definite  measures ;  it  is  these  last, 
or  projected  amounts,  which,  in  accordance  with  the 
principle  of  the  conservation  of  areas,  are  pro- 
portional to  the  times  of  description  Applv 
this  scheme  or  mode  of  tiiought,  to  our  entire 
planetary  system ;  i.e.,  look  at  the  whole  of  it 
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throu^icli  a  transparent  sheet,  placed  in  any  way, 
then  the  areas,  as  seen  described  by  the  lohole, 
■whatever  their  relations,  will  be  strictly  propor- 
tional to  the  times  of  description.  The  great 
Laplace  even,  saw  the  stretch  of  this  principle 
but  imperfectly.  He  conceived  it  rigorously 
true,  if  the  .  major  motions  only  were  taken  into 
account.  It  is  certainly  not  so.  Poinsot  has 
recently  insisted  that  not  only  the  motions  of 
revolution  of  satellites,  but  motions  of  rotation 
alike  of  planet  and  satellite,  must  be  held  in 
view,  ere  identity  can  be  predicated  between 
spaces  described  in  equal  times,  within  a  system 
internally  balanced.  Thus  understood,  the  prin- 
ciple of  the  conversion  of  areas  must,  in  every  such 
system,  be  rigorously  true.  But  without  going  to 
such  rigour,  one  important  and  comparatively 
practical  conclusion  may  be  drawn.  Reference 
has  been  made  to  iha  projection  of  such  areas  on 
a  plane.  However  that  plane  is  placed,  the 
foregoing  theorem  is  true.  But  although  the 
proportionality  of  areas  to  the  times  of  descrip- 
tion, holds  true  with  regard  to  any  plane ;  the 
amount  in  size  of  the  areas  projected  on  the 
plane  will  manifestly  depend  on  the  position  of 
the  plane.  Now,  with  regard  to  the  solar  system, 
as  to  any  other  system,  there  is  at  every  given  time 
one  especial  plane,  on  which  the  amount  of  the  total 
areas  described  will  be  greater  than  their  amount 
described  or  projected  or  on  any  other  plane. 
That  plane  has  been  termed  the  Great  Equator 
Plane  of  the  System ;  and  it  is  the  highest  result 
in  expression,  of  the  principle  of  the  Conservation 
of  Areas,  that  this  great  equator  plane  will  con- 
tinue invariable  in  position  so  long  as  the  system 
is  undisturbed  from  without,  and  carries  on  its 
motions,  through  the  interdependence'  of  its  inter- 
nal parts.  If  the  position,  then,  of  our  own 
grand  equator  plane  were  determined,  that  posi- 
tion would  be  a  fixed  point  by  which  after 
ages  might  decide  whether  and  how  far  our  con- 
dition has  been  affected  by  communion  with 
external  systems,  or  by  our  sympathies  with  the 
fixed  stars. 

Arcomctrr.  (ijoc/of,  light;  //.ir^it,  a  measure). 
An  instrument  serving  to  measure  the  densities 
of  liquids.  The  principle  of  the  areometer 
is  simply  this,  that  any  solid  body  sinks 
farther  in  a  light  liquid  than  in  a  heavy 
one.  It  is  usually  a  small  glass  bulb  loaded 
at  the  bottom  with  quicksilver,  or  small 
shot,  so  as  to  set  it  upright,  and  having  a 
scale  at  the  top  to  mark  t  he  depth  to  which 
it  sinks  in  any  liquid.  In  most  cases,  the 
numlj(!rs  on  the  scale  are  arbitrary,  and 
refer  to  arbitrary'  indices  of  the  strength  or 
weakness  of  a  fluid  (e.g.  over  proof  and 
Y  under  proof)  employed  by  merchants  in 
A  testing  the  value  of  their  purchases.  AVliero 
tlie  li(|uid  should  be  lighter  tlie  purer  it 
is,  the  degrees  proceed  from  the  bottom  to  the 
top  (us  in  alcohol),  and  where  its  value  is  pro- 
portioned to  its  density,  they  go  downwards 
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from  top  to  bottom.  As  the  density  varies  with 
the  temperature,  a  thermometer  is  fre(|uently 
placed  alongside  the  graduated  scale,  and  tliis  is 
sometimes  ingeniously  constructed  so  as  to  serve 
as  a  sort  of  corrective  against  errors  of  observa- 
tion on  the  scale  of  density.  We  give  a  ligura 
of  tlie  instrument. 

Ai-ics.  An  equatorial  constellation;  the  first 
of  the  signs  of  the  ecli|)tic. 

Argo.  One  of  the  great  southern  constella- 
tions. The  star  Canopus,  of  the  first  magnitude, 
is  its  most  prominent  star. 

Arinniui-c.  A  French  term  partly  adopted 
in  English.  There  is  no  English  one  accurately 
con-esponding.  It  is  the  name  of 
the  piece  of  iron  attached  usually 
to  a  magnet  to  prevent  the  dissi- 
pation of  the  magnetic  fluid.  The 
ordinary  horse-shoe  magnet  is  of 
the  form  represented  in  the  figure, 
the  poles  n  and  s  being  opposite. 
The  piece  of  iron,  a,  becoming  by 
contact  a  magnet  also,  completes 
a  magnetic  circuit,  each  part  of 
which  acts  and  reacts  on  the  other, 
as  the  coatings  of  the  Leyden  phial 
in  the  case  of  electricity'  do.  For 
an  ordinary  bar  magnet,  it  is  usual 
to  fix  its  magnetization  by  placing 
alongside  of  it  another  of  the  same 
form,  but  with  its  poles  in  directions  opposed  to 
those  of  the  other,  and  to  jilace  two  pieces  of  soft 
iron,  one  at  each  end,  iu  contact. 

Arinillary  Sphere.  An  instrument  consist- 
ing of  several  brass  rings,  all  circles  of  the  same 
sphere,  in  the  position  which  important  circles  of 
the  celestial  sphere  have.  Suppose  that  we  have 
a  celestial  globe,  along  which  are  marked  the 
following  circles  in  tl.eir  proper  positions: — the 
horizon,  the  meridian,  the  equator,  the  ecliptic  or 
circle  of  the  zodiac,  and  the  two  cnlures  (q.  v.) 
(these  all  being  great  circles  of  the  sphere,  divid- 
ing it,  that  is,  in  two),  and  the  two  tropics,  and 
the  two  circles  which  limit  the  arctic  and  ant- 
arctic zones  (which  four  are  small  circles  of  the 
sphere),  and  let  us  suppose  that  rigid  circular 
rims  are  made  just  to  go  round  those  lines,  and 
the  sphere  then  destroyed  while  these  rims  are 
connected  with  one  another  to  remain  steadfast  in 
their  relative  positions,  and  mounted  on  a  stand 
as  the  sphere  Avas,  we  should  obtain  what  is 
called  the  armillary  sphere.  The  reader  will 
readily  understand  how,  sujiposing  the  centre  of 
the  sphere  to  be  the  position  of  a  spectator  at  the 
e<arth,  he  will  come  to  comprehend  the  apparent 
motions  of  the  heavenly  bodies  and  the  signilicance 
of  tlie  references  constantly  made  in  describing 
the  apjiarent  places,  to  these  elementary  circles. 

Artillery,  a  general  name  given  to  all  arms, 
used  in  war,  wliich  are  too  heavy  to  be  carried 
bv  tlie  individual  combatants.  These  arms  of 
course  vary  in  characteristics  according  to  their 
purnoics.    Some  are  employed  lor  the  attack  or 
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'efence  of  fortified  places,  and  others  in  the  open 
tieUl  or  during  the  course  of  an  open  field  fight. 
The  purposes  of  defence,  in  case  of  a  besieged  for- 
tress, necessarih-  admit  the  use  of  heavy  fixed 
pieces  of  ordnance ;  and  it  was  in  such  circum- 
stances alone  that  Perliin's  steam-gun.  so  noto- 
rious several  j-eurs  ago,  was  ever  deemed  to  be 
applicable.    Probably  one  of  the  finest  develop- 
ments of  ordnance  during  a  siege,  that  has  yet 
taken  place,  occurred  in  course  of  the  recent 
siege  and  defence  of  Sebastopol.    The  artillery 
officer  and  engineer  cannot  fail  to  derive  large  in- 
struction from  the  detailed  account  of  this  cele- 
brated event,  now  on  the  eve  of  publication  under 
the  auspices  of  the  French  Minister  of  War. 
Artillery  ordnance  varies  also  according  as  its 
destination  is  for  use  on  land,  or  on  board 
ship. — A  formal  article  on  Artillery  would  be 
altogether  out  of  place  in  a  Cyclopaedia  like  this; 
we  shall  dismiss  the  subject  therefore  with  a 
brief  notice  of  its  connection  with  the  progress  of 
the  mechanical  arts,  and  its  dependence  on  the 
condition  of  these  arts.    It  were  of  course  need- 
i  less  to  advert  to  the  enormous  or  rather  the 
f  fundamental  change  that  passed  over  every  re- 
q  qoisition  of  Artillery  on  the  invention  of  gun- 
f  powder.    The  force  of  the  projectile  was  given 
t  to  it  previously,  by  aid  of  the  elasticity  of  bent 
c  cords  or  of  a  solid  spring:  on  that  invention,  a 
s  small  portion  of  powder  created  an  explosive  and 
p  propellent  force,  of  the  power  of  some  thousand 
a  atmospheres.    Since  then  there  has  been  but  one 
li  limit  to  the  efficacv  of  that  propulsion,  viz.,  our 
n  mechanical  ability  to  bestow  on  the  tubes  holding 
t  the  powder  and  projectile,  as  much  strength  as 
» would  resist  the  lateral  action  of  the  explosive 
fi  force,  and  at  the  same  time  consist  with  our  power 
tito  transport  the  piece  of  ordnance  easily.  Re- 
s' sistance  to  this  lateral  force,  and  lightness, — these 
»are  the  prime  requisites  of  a  modem  cannon. 

i  £8peciall3'  is  it  so  in  parks  of  artillery  meant  for 
n  Tise  in  the  open  field,  whether  these  be  the  lighter 
f  sort  of  flying  artillery,  or  pieces  and  batteries 

ii  intended  for  comparatively  stationary  action.  Of 
c  course  trueness  of  direction  is  demanded  of  can- 
DDon  as  well  as  of  the  hand  rifle:  unfortunately 
t  this  has  not  as  yet  been  manifested  in  action  to 
1  anything  like  the  degree  of  perfection  attained 
b  by  the  smaller  rifle.  This  however  is  imperatively 
d  demanded  by  the  growing  perfection  of  that  small 
'  rifle.    Field  artillery  in  one  of  its  important  ap- 

plications  is  meant  to  open  the  way  to  the  action 
of  infantry:  it  ought  therefore  to"  be  effective  at 
1  a  distance  which  will  insure  safety  to  the  gun- 

:i  ner,  from  antagonistic  riflemen  We  are  now 

»  at  the  opening  of  a  great  E,uropean  war.  It  is 
said  that  France  has  greatly  increased  its  artil- 
lery arm,  and  that  the  Emperor  has  selected  a 
new  and  favourite  gun.  The  arm  with  which 
>  Sir  William  Armstrong  has  strengthened  alike 
the  field  and  sea  artillery  of  Britain,  is  under- 
-1  stood  to  be  an  unusual  acquisition.  It  carries 
home  through  five  miles,  and  is  so  light  that  two 
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or  three  bnys  may  manage  it. — Especial  reference 
is  made  to  article  Rifle  in  our  Dictionarj';  and 
also  to  the  more  extended  article  by  the  same 
author  in  the  EncyclopoBdia  Britannica,  new 
edition. 

Ascension,  ICi;;ht,  Oblique.  Ascension  is 
an  astronomical  term  used  for  the  purpose  of  re- 
ferring a  star  to  its  exact  position  in  the  heavens, 
and  so  rendering  possible  the  identification  of  the 
star.  The  north  and  south  poles  of  the  heavens 
are  regarded  as  fixed  points,  and  the  equator  is 
consequently  a  fixed  circle  of  the  celestial  spiiere. 
Suppose,  now,  that  a  meridian  passes  through  a 
given  star,  that  is,  a  great  circle  through  the  star 
and  the  poles,  it  will  cut  the  equator  at  a  given 
point.  The  distance  of  this  point,  in  degrees  of 
the  circumference  from  one  of  the  points  where 
the  equator  is  cut  by  the  ecliptic  (the  vernal 
equinox),  is  called  the  right  ascension  of  the  star. 
The  right  ascension  is  sometimes  given  in  time 
instead  of  in  hours.  The  whole  heavens  appear, 
in  consequence  of  the  diurnal  motion,  to  revolve 
(mce  in  24  hours.  The  space  between  the  star  and 
the  point  of  the  visible  heavens,  where  the  equi- 
nox is  at  any  moment,  will  be  passed  over  at  the 
rate  of  of  an  hour  for  each  degree  of  angular 
measurement.  To  obtain  the  ascension  given  in  de- 
grees to  that  in  hours,  we  reckon  4  minutes  for  a 
degree,  with  corresponding  fractions  for  the  lesser 
angles.  We  simply  reverse  the  process  in  find- 
ing the  ascension  in  degrees  from  that  in  hours. 
The  phrase  ascension  is  employed  for  this  reason. 
The  astronomical  day  is  reckoned  from  the  mo- 
ment at  which  the  first  point  of  Aries  (the  point  of 
the  equator  corresponding  to  the  vernal  equinox) 
passes  the  meridian.  All  the  stars  which  have 
the  same  right  ascension  will  seem  to  rise  up- 
wards from  the  horizon  (if  visible,  and  if  not, 
may  be  imagined  to  do  so),  and  to  cross  the  meri- 
dian of  the  place  at  the  same  moment.  The 
right  ascension,  then,  as  we  have  described  it, 
measures  the  interval  between  the  crossing  of  the 
meridian  by  the  first  point  of  Aries  and  by  the 
star.    A  reference  to  figure  No.  1  wiU  at  once 
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show  that  Q  T  would  be  the  right  ascension  of  the 
star,  s,  upon  the  meridian,  n  s  t.  The  other 
name  oblique  ascension  is  used  to  express  the 
difference  in  the  times  of  the  rising  of  the  first 
point  of  Aries  and  a  given  star.  If  we  consider 
that  while  some  stars  upon  the  same  meridian, 
and  having,  therefore,  the  same  right  ascension, 
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almost  never  set,  while  others  almost  never  rise, 
it  win  be  evident  that  there  cannot  be  the  same 
difference  between  the  times  in  which  the  first 
point  of  Aries,  and  all  the  points  having  the 
same  right  ascension,  cross  the  horizon,  and  as 
there  is  the  same  difference  between  the  times  in 
which  they  cross  the  meridian,  the  oblique  and 
right  ascensions  must  be  represented  by  different 
numbers.  The  distance  between  that  point  of 
the  equator  which  rises  with  the  star,  and  the 
first  point  of  Aries,  is  called  the  oblique  ascen- 
sion. To  a  person  at  the  equator,  however, 
whose  horizon  is  a  great  circle  passing  through 
the  poles,  the  oblique  and  right  ascensions  are 
identical.  We  call  ascensional  difference^  the 
excess  of  the  right  ascension  over  the  oblique, 
or  vice  versa.    The  figure  (No.  2)  will  serve 
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old  characters  used  to  indicate  them  are  the  fol- 


Fig.  2. 

to  explain  this,  though  the  reader's  safest  way 
is  to  consider  carefully  for  himself  the  various 
circles  described,  and  all  the  cu-cumstances 
mentioned.  Without  this,  plane  figm-es  rather 
mislead  than  instruct.  The  star,  s,  will  cut 
any  circle  which  passes  through  p,  and  the 
other  pole  (as  the  meridian  does),  at  the  same 
moment  that  t  does  so,  and  q  t,  the  right  ascen- 
sion, therefore,  measiu-es  the  interval  between 
the  passing  of  Q,  and  all  stars  upon  the  meridian, 
p  T  s.  But  a  star  at  t,  for  uistance,  will  have 
risen  above  the  horizon,  n  e  s,  long  before  s,  and 
one  at  s',  for  example,  after  it.  The  oblique 
ascension,  therefore,  is  measured  by  the  space 
between  q  and  e,  the  pouit  of  the  equator,  which 
rises  along  with  s,  and  as  q  t  is  the  right  ascen 
sion,  T  E  is  the  ascensional  difference.  The  ob- 
lique ascension  and  asccntional  difference  are 
transformed  from  degrees  to  time  just  as  before. 

Aspect.  An  astronomical  term,  almost  dis 
used.  It  is  of  interest  only  because  it  may  be 
met  with  in  old  astronomical  works  of  consider- 
able value.  The  terms  (fdijunction  and  opposi 
tion  express  the  only  two  aspects  of  the  planets 
(i.e.  relative  positions  as  seen  from  (he  earth), 
which  are  still  named.  At  conjunction  (7. «.) 
two  planets  have  the  same  longitude;  at  oppo- 
sition they  difl'er  by  180°  in  longitude ;  and  m 
these  180°  are  the  Irine  aspect,  120°  apart;  the 
juaWiVe,  90°  apart ;  i\\Qsextik  60°  apart.  The 


lowing : — 

Conjunction  ^ 

Sextile  

Quartile  □ 

Trine  A 

Opposition  § 

These  terms,  obsolete  in  astronomy,  are  still  foun-l 
in  abundance  in  astrological  works — not  all  an- 
cient yet. 

Ai^tei-oids,  or  small  planets,  a  group  of 
bodies  singularly  insignificant  in  size,  that  re- 
volve around  the  sun  in  planetary  orbits,  between 
Mars  and  Jupiter.    Then-  relation  to  the  solar 
system    in   general,   being   explamed  under 
SoLAK   System,  we  shall  confine  ourselves 
here  to  the  statement  of  all  that  appears 
peculiar  to  the  group,  and  characteristic  of  its 
position.    The  existence  of  a  body  or  bodies, 
between  Mars  and  Jupiter,  seemed  to  be  indi- 
cated by  a  remarkable  hiatus  between  these 
jjlanets  (see  Bode's  Law),  —  the  celebrated 
Olbers,  of  Bremen,  ventured,  about  the  begin- 
ning of  the  century,  to  assert  that  the  applica- 
tion of  telescopes  to  the  search  for  planets  occu- 
pying that  place,  would  certainly  be  richly 
rewarded.    In  consequence  of  this  suggestion, 
Ceres  was  discovered  by  Piazzi  of  Palermo,  on 
the  first  day  of  this  century;   Olbers  hunself 
soon  after  detected  Pallas  and  Juno,  and  Hard- 
ing of  Goettingen  discovered  Juno.    This  group 
of  the  four  small  planets,  as  it  was  termed,  ap- 
pearing to  have  verified  the  prediction  and 
filled  up  the  hiatus,  curiosity  and  research  were 
alike  suspended,  until  stirred  anew,  in  1845, 
by  the  accidental  discovery  of  Astrma,  a  fifth 
member  of  the  group,  by  Hencke  of  Driessen. 
Many  observers,  in  possession  of  suitable  insUni- 
ments,  now  rushed  into  the  field;  but  none 
with  so  much  perseverance  and  discernment  than 
Mr  Hind,  of  the  Observatory  of  Regent's  Park, 
Loudon.    Up  to  the  close  of  1853,  eleven 
planets  had  been  added  to  the  group  by  this  in- 
defatigable observer,  and  while  we  write  he  conti- 
nues his  earnest  and  successful  research.  No  fewer 
ih&n  fifty- six  asteroids  are  already  detected ;  but 
the  probability  is,  that  they  count  liy  hundreds,  and 
that  they  form  a  stream  or  zone  of  small  bodies 
occupying  the  place,  and  in  so  far  performing 
the  function,  in  tlie  system,  of  the  large  planet 
which,  according  to  Bode's  law  of  the  distances, 
might  have  been  expected  in  the  locality.  They 
are  essentially  a  group,  to  be  viewed  not  singlv 
but  as  a  gi-oup.    As  the  following  table  will 
show,  they  are  nearly  at  the  same  distance  from 
the  sun;  "the  perioiis  of  their  revolutions  verj' 
closely  correspond ;  and  in  physical  characteris- 
tics, for  instance  in  size  (some  of  them  are  not 
larger  in  surface  than  the  kingdom  of  France) ; 
thcv  are  distinguished  in  the  same  way  from  all 
the  chief  planets. 
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ASTEROIDS.— TABLE  I, 


1 

Name  of  Asteroid. 

Mean  distance 
from  tlio  Sun, 

Lllttl  Ul  IMC 

Eul'tli  being  1. 

Time  of  a 
tsidcieal 
TP  vnl  II  r  \(\n 
Days. 

Eccentricity  of 
Orbit. 

Inclination  oi 
Orbit. 

2-i9go 

1191-11 

0-1575 

3 

28' 

0 

2-20139 

1193-01 

0-156704 

5 

53 

8 

2-26584 

1245-78 

0  04608 

4 

15 

48 

2  29554 

1270-35 

0-217051 

10 

9 

4 

2-33468 

1302-98 

0-218255 

8 

23 

6 

2-34642 

1312-82 

0-173861 

1 

35 

33 

2-36056 

1324-71 

0  090181 

7 

8 

17 

2-36559 

1328-95 

0-12(;397 

2 

5 

57 

2-3779 

1339-34 

0-0628 

10 

15 

0 

2-38541 

1345-68 

0-123889 

5 

35 

56 

2-38673 

1346-8 

0-230755 

5 

27 

56 

2-4003 

1358-34 

0-2025 

15 

48 

0 

2-40067 

1358-62 

0-253126 

21 

36 

0 

2-40906 

1365-74 

0-14368 

0 

41 

10 

2-42519 

1370-48 

0-201802 

14 

46 

20 

2-4339 

1386-91 

0-2229 

8 

35 

0 

2-43523 

1388-06 

0-161034 

3 

5 

22 

2  44304 

1394-75 

0-158426 

1 

32 

28 

2-45185 

1402-29 

0-099508 

4 

37 

1 

2-4569 

1406-62 

0-1226 

2 

18 

0 

Thetb,  

2-4733 

1420-73 

0-127802 

5 

35 

38 

2-55447 

1491-25 

0-0725 

6 

8 

0 

2-57051 

1510-58 

0-189992 

5 

19 

36 

17  . 

2-57686 

1510  92 

0-087034 

16 

32 

14 

T>  

2-58298 

1516-28 

0  095624 

4 

42 

18 

T_  

2-5852G 

1518-29 

0-168713 

0 

6 

44 

o_i  

2-6129 

1542-7 

0-1803 

5 

4 

0 

2-62588 

1554  21 

0-235395 

10 

13 

59 

2-64215 

1568-7 

0-17'1893 

3 

7 

11 

2  64369 

1570  05 

0  187899 

11 

44 

0 

2-651 

1576-56 

0-2872 

2 

48 

0 

2-65604 

1581-07 

0  087522 

3 

35 

39 

2-66861 

1592-3 

0-256535 

13 

3 

27 

2  6769 

1599  7 

0-4534 

3 

53 

0 

2-6883 

1609-98 

0-108252 

5 

26 

33 

2-6968 

1617-64 

0  0914 

6 

35 

0 

2-73986 

1656-34 

0-15557 

6 

58 

32 

A  f  •!  T  r,  11  t  n 

274989 

1665-63 

0  298171 

18 

42 

9 

2-76577 

1680  05 

0-079180 

10 

36 

27 

2-7G953 

1683  48 

0-239045 

34 

42 

37 

2-77105 

1684-87 

0-110813 

10 

21 

0 

2  77518 

1688-65 

0  154507 

9 

22 

31 

2  86550 

177174 

0-336806 

1 

56 

56 

2  8894 

1793-99 

0-1402 

5 

6 

0 

Calliope,  

2  91)950 

1812  72 

010196 

13 

45 

28 

2-92287 

182.)  21 

0  1346, ;4 

3 

4 

9 

Lencotliea,   

2-97366 

1873-02 

0-21650 

8 

15 

18 

Pales,  

3  0861 

1980-23 

0-2377 

3 

8 

0 

3  1068 

2000  22 

0  0771 

6 

30 

0 

3-1352 

2027  65 

0  1433 

7 

12 

0 

3-M9.17 

2041-43 

0104558 

3 

47 

9 

3  151 30 

2043-34 

0  117  03 

0 

49 

3 

Euplirosvne,  

3-15616 

2048-03 

0-216012 

26 

25 

12 

Ihe  Elements  o[  Pandiyra,  Akxandra,  and  the  new  planet,  not  yet  determined, 
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ASTEROIDS. -TABLE  II. 


Names. 


Ariadne,  

Flora,  

Harmonia,  

Melpomene,  ... 

Victoria,  

Euterpe,  

Vesta,  

Urania,  

Neniausa,   

Metis,  

Iris,   

Daphne,  

Phocoea,  

Massalia,   

Hebe,  

Isis,   

Lutetia,  

Fortiina,  

Partlienope,  ... 

Plfestia,  

Thetis,  

Aniphitrite, ... 

Astrsea,   

Egeria,  

Pomona,  

Irene,  

Calvpso,   

Thalia,  

Fides  

Eunomia,  

Virginia,   

Proserpine,  ... 

Juno,  

Nvsa,  

Circe,  

Eugenia,  

Leda,  

Atalanta,  

Ceres,  

Pallas,  

Lselitia,  

Bell  na,  

Polyhymnia, 

Aglaia,  

Calliope  

Psyche,  

Lencothea, ... 

Pales,   

Doris,  

Europa,  

Hygeia,  

Themis,  

Euphrosyiis, . 


LnnRitude  of 
PL-ntielion. 


277° 
32 

2  2 
15  14 


]  2'  0" 
54  28 


0 


16 
7 

301  62  59 
87  48  30 

250  4G  10 

30  49  41 

190  13  0 

71  29  21 

41  23  12 

230  22 

302  37  22 
98  16  30 
]4  57  47 

317  58  0 

326  43  62 

30  47  53 

316  6  5 

344  57  0 

259  24  49 

56  13  42 

134  35  36 

119  45  7 

196  8  40 


Longitude  of 
Asceuiliuf;  Node. 


178  61 
94  39 

123 
66 


235 
54 


11 

0 

11  57 

4  28 

27    51  46 

10    29  0 

16  30 

8  17 

118    49  0 

149  68  35 
208  17 

100    40  28 

42    23  48 

149    33  41 
3 
7 

122    24  48 

340  53  55 
306  1 

56    34  13 

12    38  59 
198  17 
32  49 
12 


122 
2 


0 


50 
12 


0 


77 
98  27 
227 


138 
93  51 


47  59 
2  48 


264°  45'  0" 
110    17  49 

93  32  28 
150  0  53 
235    29  28 

93  42  1 
103  23  39 
308  12  0 
175    38  0 

68  31  24 
259    44  39 

180  6  0 
214  3  40 
206  36  24 
138    34  25 

84    28  0 
80    28  28 
211    26  33 
125     2  61 

181  32  0 
125  26  12 
356  22  51 
141    24  49 

43  17  34 
220    48  26 

86  49  1 
143    30  0 

67    65  2 

8  9  37 
293  54  51 
173    30  0 

45  53  20 
170  69  32 
127      6  0 

184  47  11 
148   -20  0 

27 
9 

80  48  22 
172  38  20 
167  19  39 
144    43  5 

9  16  5 
4    25  0 

66  36  22 
150  31  20 
356  24  38 
290    27  0 

185  14  0 
129  23  0 
287    38  34 

36  12  39 
31    25  23 


Discoverers. 


296 
359 


47- 
29 


Pogson, 
Hind, 

Goldschmidt, 

Hind, 

Hind, 

Hind, 

Olbert, 

Hind,- 

Laurent, 

Graham, 

Hind, 

Goldschmidt, 

Chacornac, 

De  Gasparis, 

Hencke, 

Pogson, 

Goldschmidt, 

Hind, 

De  Gasparis, 

Pogson, 

Luther, 

Manin, 

Hencke, 

De  Gasparis, 

Goldschmidt, 

Hind, 

Luther, 

Hind, 

Luiher, 

De  Gasparis, 

Fergusson, 

Luiher, 

Harding, 

Goldschmidt, 

Chacornac, 

Goldschmidt, 

Chacornac, 

Goldschmidt, 

Fiazzi, 

Olbert, 

Chacornac, 

Luther, 

Chacornac, 

Luther, 

Hind, 

De  Gasparis, 
Luther, 
Goldschmidt, 
Goldschmidt, 
Goldschmidt, 
De  Gasparis, 
De  Gasparis, 
Fergusson, 


Places  of 
Discover)'. 


Oxford. 
London. 
Paris. 
London. 
London. 
London. 
Bremen. 
London. 
Nismes. 
Maikree. 
London. 
Paris. 
Marseilles. 
Naples. 
Driesea. 
Oxford. 
Paris. 
London. 
Kaples. 
Oxford. 
Bilk. 
L  mdon. 
Driesen. 
Naples. 
Paris. 
London. 
Bilk. 
London. 
Bilk. 
Naples. 

ashington. 
Bilk. 

Lilienthal. 
Paris. 
Paris. 
Paris. 
Paris. 
Paris. 
Palermo. 
Bremen, 
Paris. 
Bilk. 
Paris. 
Bilk. 
London. 
Naples. 
Bilk. 
Paris. 
Paris. 
Paris. 
Naples. 
Naples. 
Washington. 


Pandora  discovered  by  Searle,  of  Albany. 
Alexandra  and  the  new  planet  by  Goldschmidt. 
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Perhaps  the  first  thing  thnt  strikes  one,  on 
glancing  over  this  long  and  confused  list  of  names, 
i<  the  absolute  need  of  a  new  and  simpler 
iiiode  of  distinguishing  the  several  Asteroids. 
This  has  been  partially  adopted,  and  must  come 
into  universal  use.     It  is  proposed  that  each 
Asteroid  be  indicated  by  a  number  marking  its 
l  ink  in  the  order  of  discover}',  that  number  being 
:iclosed  within  a  small  circle,  thus: — 
Ceres,    .    .  (1). 
Urania,  (30). 
&c. 

This  is  evidently  the  onlj'  principle  of  number- 
;;iiig  that  could  be  permanent:  any  arrangement 
rsreposing  on  the  distances  of  the  Asteroids  from 
ttthe  sun  being  ever  liable  to  be  broken  up  on  the 
ddiscovery  of  some  new  member  of  the  group : 
tithe  permanency  even  of  this  assignment,  indeed, 
was  recently  threatened  by  a  singular  occur- 
rerence.  On  the  9th  of  September,  1857,  Gold- 
scschraidt  thought  he  had  re-discerned  Daphne, 
iiand  published  his  observation  under  that  idea. 
"■In  turns  out,  however,  that  the  body  he  saw  was 
mot  l^aphne,  but  must  have  been  a  new  planet: 
■(the  "  new  planet "  referred  to  in  these  tables). 
!>By  the  foregoing  rule,  therefore,  its  sign  ought 
;.to  be  (47),  and  all  signs  subsequent  to  that 
oTvould  require  to  be  changed.  But  such  a  ditfi- 
leulty  is  not  lUiely  to  recur,  and  it  may  be  got 
over  in  the  present  instance  by  numbering  the 
plplanet  when  it  shall  be  again  seen,  and  shall 
^receive  some  fanta.stic  name.  The  following  list 
.gives  the  oi-der  of  discovery,  and  of  course  the 
new  conventional  signs: — Ceres,  Pallas,  Juno, 
\Tesfa,  Astrsea,  Hebe,  Iris,  Flora,  Metis,  Hygeia, 
rParthenope,  Victoria,  Egeria,  Irene,  Eunomia, 
['Psyche,  Thetis,  Melpomene,  Fortuna,  Massalia, 
I  Lutetia,  Calliope,  Thalia,  Themis,  Phocea,  Pro- 
serpine, Euterpe,  Bellona,  Amphitrite,  Urania, 
FEuphrosyne,  Pomona,  Polyhymnia,  Circe,  Leuco- 
■thea,  Atalarita,  Fides,  Leda,  Lsetetia,  Harmonia, 
Daphne,  Isis,  Ariadne,  Nysa,  Eugenia,  Ha;stia, 
iAglaia,  Doris,  Pales,  Virginia,  Nemansa,  Europa, 
Calypso,  Pandora,  and  Alexandra. 

Passing,  however,  from  external  details  to 
consideration  of  the  interesting  character  of  this 
system,  we  find  on  comparing  the  orbit  of  Eu- 
phro.syne  with  that  of  Ariadne,  that  the  mean 
breadth  of  the  zone,  or  ring  within  which  the 
Asteroids  lie,  is  -9571 G  of  the  mean  distance  of 
Ihe  Earth  from  the  Sun,  or  about  ninety-one 
millions  of  miles.  But  in  consequence  of  the 
-?reat  eccentricity  of  several  of  the  orbits,  some 
3f  these  curious  bodies  can  adventure  much 
farther  than  that  into  space.  The  planet  Nvsa, 
for  instance,  has  an  eccentricity  so  great  that  its 
Drbit  much  more  resembles  that  of  a  comet  II 
recedes  farther  from  the  sun  than  anv  of  the 
Mhers,  and,  with  the  exception  of  Ulestia,  it 
approaches  him  the  nearest.  Of  them  all  IIa3.stia 
:omes  nearest  the  earth;  after  it,  in  this  respect, 
Nysa  ranks.  Euphrcsyne  and  others  have  also 
very  eccentric  orbits.     The  incluiation  of  the 
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orbit  of  Nysa,  too— viz. :  3°  53'— is  not  very 
distant  from  that  of  the  orbits  of  Ariadne,  Har- 
monia, Ltctetia,  Fides,  Proserpine,  Psyche,  Pales, 
and  riygeia,  .so  that  it  ma}*,  or  rather  must,  fre- 
quently approach  closely  to  some  of  these  bodies. 
The  inclinations,  indeed,  of  Nysa  and  Hygeia 
diflfer  by  only  six  minutes,  so  that  they  are 
almost  in  the  same  plane.  The  longitudes  of  their 
ascending  nodes,  however,  differ  at  present  by 
1G0°.  It  is  scarcely  necessar}'  to  call  attention 
to  the  contrast  presented  by  the  inclination  of 
the  orbits  of  several  of  these  Asteroids  to  anything 
that  prevails  in  the  other  portions  of  our  solar 
system.  The  gi-eatest  inclination  known  among 
the  larger  planets  is  that  of  Mercury,  being  7'' 
0'  5'9";  the  inclination  of  that  of  Pallas  is,  on 
the  other  hand,  34°  42'  37";  that  of  Euphro- 
syne,  26°  25'  3  2";  of  Phocoea,  21°  36'  6";  of 
Atalanta,  18"  42'  9";  of  Egeria,  16°  32'  14": 
&c.,  &c.  But  their  deviations  do  not  involve 
any  deviation  as  to  motion  from  what  the  law  of 
gravitation  would  induce  us  to  expect.  Although 
the  ellipses  are  eccentric,  and  the  inclination 
large,  every  one  of  these  minute  orbs  obeys  the 
three  cardinal  laws  of  Kepler,  and  so  constitutes 
no  exception  to  the  grand  harmonies  of  the  solar 
system. 

In  reference  to  another  feature  of  the  position 
of  these  orbits,  a  speculation  worthy  of  notice  was 
recently  started  by  Edward  Cooper,  Esq.,  of 
Markree  Castle— a  speculation  further  justified 
since  the  addition  of  many  new  Asteroids  to  the 
list.  Mr.  Cooper  first  called  attention  to  the 
singular  fact,  in  his  work  on  Comets,  and  he  took 
into  his  account  the  larger  planets  also.  With 
reference  to  the  Asteroids  alone,  it  is  this :— Of  the 
fifty-three  whose  elements  are  given  above,  the 
perihelia  of  no  fewer  than  forty  lie  within  the 
seniicircle  from  0°  to  180°,  or  on  its  verges ;  and 
within  the  same  space  are  found  the  longitudes  of 
the  ascending  nodes  of  forty-three.  The  quadrant 
from  0°  to  90°,  contains  the  perihelia  of  twenty- 
seven.  There  can  be  no  doubt  that  there  is'  a 
singular  speciality  here :  the  laws  of  probability 
are  utterly  against  the  casuality  or  indiflerence  of 
such  a  distribution.  Mr.  Cooper  is  far  from  in- 
clined to  push  conjecture  too  far :  he  modestly 
concludes  thus :—"  After  all  it  may  be  accidental, 
as  consistently  with  the  laws  of  planetary  motion, 
such  a  congregation  of  perihelia  or  nodes  may 
occur  at  periods  exceedingly  remote." 

Notwithstanding  the  uncertainty  in  which  we 
are,  as  to  the  possible  number  of  these  planetoids, 
some  definite  light  reaches  us,  from  physical 
astronomy,  on  the  question  as  to  their  total  mass. 
In  the  case  of  a  single  planet  of  the  ordinary 
size,  between  Mars  and  Jupiter,  not  only  would 
its  perturbing  influence  on  the  nearer  orbs  be  felt, 
but  that  influence  could  be  exactly  calculated, 
and  traced  in  all  its  relations,  in  tiio  irregularities 
impres.sed  by  it,  on  their  orbits  and  motions. 
These  small  masi-es  must  exercise  a  similar  in- 
fluence; althougli,  from  their  diflTusion  through  the 
49  E  ^ 
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sky — the  one,  on  this  account,  often  compensating 
the  action  of  the  other — it  is  much  more  difficult, 
and  might  even  appear  impracticable,  to  deal 
with  the  problem.  It  is,  however,  only  what  are 
termed  the  periodical  irregularities  (sdQ  Peutuis- 
BATioxs)  that  would  be  compensated  in  this  way. 
The  secular  variations,  on  the  contrary,  do  not 
depend  on  the  relative  positions  of  the  disturbed 
and  disturbing  bodies.  There  is,  for  instance,  a 
secular  motion  of  the  perihelion  belonj^ing  to  this 
latter  class.  The  perihelion  alike  of  Mars  and  the 
Earth  must  be  subjected  to  a  perturbation  de- 
pending on  the  total  mass  of  these  planetoids, 
their  mean  distances  from  the  Sun,  and  the  eccen- 
tricity of  the  orbit  of  the  disturbed  planet.  Owing 
to  the  larger  eccentricity  of  Mars,  as  well  as  the 
position  of  its  perihelion,  in  reference  to  the  mean 
direction  of  the  perihelia  of  the  discovered  Aste- 
roids (whicli  lie  almost  all  in  the  same  serai -cir- 
cumference of  the  heavens),  that  planet  is  much 
better  fitted  than  the  Earth  to  be  the  instrument 
of  such  an  investigation.  Looking  at  the  subject  in 
this  point  of  view,  M.  Leverrierhas  lately  shown 
that  if  the  total  mass  of  these  planets  reached 
equality  with  the  mass  of  the  Earth,  the  peri- 
helion of  Mars  would  have  been  disturbed  by 
them  to  the  extent  of  eleven  seconds  in  a  century. 
Now,  although  the  orbit  of  Mars,  and  its  history 
during  the  recent  century,  cannot  be  said  to  be 
determined  with  an  ultimate  rigour,  it  is  safe  to 
conclude  that  there  is  not  an  undiscovered  error 
of  this  sort,  to  a  fourth  of  the  previous  amount. 
From  which  it  would  appear  that  the  sum  total  of 
the  matter  constituting  the  small  jilanets  Ijing  be- 
tween the  mean  distances  of  2-2  and  3"19  from 
the  Sun,  cannot  greatly,  if  at  all,  overpass  one- 
fourth  of  the  mass  of  the  Earth.  This  restricted 
mass,  however,  is  very  considerable,  being  up- 
wards of  twenty  times  greater  than  the  mass  of 
our  Moon ;  and  it  doubtless  includes  within  it, 
multitudes  of  Asteroids  not  y^t  discerned  by  the 
telescope. 

The  contemplation  of  this  very  curious  group 
gives  rise  to  singular  reflections.  How  odd 
the  motions  of  masses  of  small  orbs,  with  paths 
so  near,  that  often  thej'  must  pass  within  sight, 
in  the  celestial  spaces — like  ships  within  hail  at 
sea!  But  whence  came  they?  What  means 
this  extraordinarj'  exception  to  that  general  law 
which  has  constituted  the  solar  system  for  the 
most  part  an  orderly  arrangement  of  large  orbs 
moving  through  spheres  far  apart  from  each 
other,  and  thus  in  all  things  independent  ?  Re- 
flecting on  the  fact  that  they  occupy  the  precise 
place  which,  in  conformity  with  Bode's  Law  of 
the  distances,  ought  to  have  been  filled  by  a 
largo  planet,  Olbers  threw  out  the  conjecture 
that  these  Asteroids  may  be  the  fragments  of  a 
planet  once  existing  there,  but  which,  in  some 
miglit)'  convulsion,  had  burst  asunder.  Nor, 
perhaps,  if  one  considers  the  inherence  in  nil 
planets  known  to  us,  of  the  same  disrupting 
powers  which  originate  volcanoes  and  moun- 
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tain  masses  in  the  earth,  can  the  conjecture  be 
rejected  a  priori  as  entirely  fanciful.  But  a 
fatal  dynamical  objection  remains.  If  the  group 
are  fragments  arising  from  the  bursting  of  one 
body,  they  would  all,  in  the  course  of  these 
resolutions,  necessarily  tend  to  return  to  the 
period  when  the  primary  explosion  took  place. 
Laplace,  on  the  other  hand,  regarded  them  aa 
indications  that  a  primary  or  large  planet  had 
never  been  formed  there,  but  that  the  ring  of 
primary  nebulous  matter,  out  of  which  he  ima- 
gined every  planet  to  have  sprung,  had  ratlier 
resolved  itself,  in  this  place,  into  a  multitude  of 
small  knots  or  aggregations. — It  cannot  escape 
observation,  however,  that  this  group  of  Aste- 
roids, strange  though  it  may  seem,  when  we 
compare  its  individuals  with  planets  like  Jupiter, 
or  even  the  Earth,  may  not,  after  all,  occupy  an 
isolated  place  even  within  our  own  system. 
Those  showers  of  meteors  that  sometimes  illumine 
the  heavens,  as  well  as  those  sparse  but  startling 
shooting  stars,  are  probably  masses  of  bodies  not 
unlike  the  Asteroids,  only  a  step  lower  down  in 
the  progress  from  large  globes  to  mere  dust. 
And  then  the  zodiacal  light,  is  not  that  still 
nearer  to  dust — akin,  it  may  be,  to  the  cometic 
matter — a  thing  rare  in  space?  It  may,  indeed, 
turn  out  that  our  leading  planets  of  the  solar 
system,  are  only  the  more  visible  parts;  and 
that  when  we  know  our  scheme  better,  its  sim- 
plicity will  no  longer  be  recognized. 

Asti'aca.  One  of  the  small  planets  between 
Mars  and  Jupiter.    See  Asteroids. 

Astrolabe.  The  name  given  by  the  ancients 
to  the  instrument  by  which  they  measured  the 
angular  distances  of  celestial  bodies.  It  bad 
various  forms ;  but  the  chief  part  of  it  was  a 
graduated  circle,  around  whose  centre,  as  its 
point,  an  arm  moved  carrying  sights.  Rude 
though  the  astrolabe  was,  we  must  consider  it 
the  germ  out  of  which  our  present  Astronomical 
Cnclc  sprung.    See  Circle. 

Astrology.  The  superstition  of  the  ancient 
astronomies.  Tlie  notion  on  which  it  rested 
was  environed  indeed  with  something  of  plausi- 
bilitj"^,  in  times  when  our  small  world  was 
esteemed  the  main  or  central  orb  of  the  universe, 
and  the  stars  gemming  the  Infinite  only  lights 
created  for  om-  use.  That  notion,  in  its  highest 
form,  may  best  be  expressed  as  follows : — Be- 
sides performing  their  functions  as  lights,  these 
stars  arc  instruments  by  which  the  Creator 
governs  tei-restrial  events,  and  their  potency  may 
be  discciTied  through  their  combinations  and  posi- 
tion in  the  sky.  It  is  needless  to  state,  that  the 
postulate,  being  wrong,  everj'  deduction  must  be 
erroneous  also.  The  intelligent  require  norefutation 
of  the  postulate ;  nevertheless,  there  is  an  impres- 
sive lesson  in  the  fact,  that  astrological  almanacs 
are  still  favo\n-itc3  even  with  the  m.isses  of  the 
people  of  England.  Under  our  modem  civiliz- 
ation, there  are  very  masses,  over  whose  heads 
the  discoveries  and  acquirements  of  science 
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Ipnn  pass.    Tliese  multitudes  live  witliin  a 
>|)here  of  their  own,  wherein  prevail  peculiar 
]iliilosophies  as  well  as  peculiar  religions.  The 
extraordinarj'  evolution  of  ^[ormonism,  having 
made  patent  this  astounding  fact, — whether  is  it 
^vise  to  fulminate  against  tlie  intellectual  and  so- 
cial heresies  of  iMormouism,  or,  to  loolc  deeper,  at 
that  ignorance  and  debasement — accompanied, 
imeverthcless,  with  the  capacities  and  aspu-ations 
iiof  a  higlier  humanity — which  are  its  source? 
Asii-ouomical  Signs.    See  Signs,  Astro- 

KHOMICAL. 

Asti-onomy.    The  science  whose  object  it  is 
trto  discern  facts  and  laws  conceraing  the  distri- 
libution,  motions,  and  nature  of  the  Heavenly 
lIBodies.  Its  origin  is  in  far  antiquity  :  the  shep- 
hherd  Chaldeans   connected,   very  early,  the 
f  presence  of  certain  constellations  in  the  midniglit 
slsky,  with  the  return  of  the  seasons.    We  shall 
jlshortly  distinguish  here,  the  chief  steps  of  its 
]■  progi-ess.   Of  these,  the  first,  was  that  important 
oione  which  led  to  the  separation  of  the  planets — as 
nwandering  orbs — from  the  fixed  stars.   This  was 
S'accomplished  in  remote  times;  and  in  Greece 
•Jtheories  arose,  with  a  view  to  take  account  of  the 
nTnotions  of  the  planets.    These  theories  were  per- 
ttfected  by  the  Alexandrian  astronomers.  Eesting 
ion  the  notion  that  the  apparent  motions  of  the 
f  planets  are  real  motions,  or,  what  is  the  same 
I. thing,  that  the  earth  is  at  rest,  and  in  the  centre 
tof  all  the  motions  of  the  universe,  the  Greeks 
;and  Alexandrians  reared  a  complex  but  most 
iringenious  system,  whose  authority  lasted  until 
tithe  times  of  Copernicus.     Neither  in  these 
i;early  days  were  the  apparent  motions  of  the 
^'system  of  the  fixed  stars  overlooked :  it  is  one 
;iclaim  of  Hipparchus  to  immortal  honour,  that  he 
lidiscovered  that  great  apparent  motion  of  the 
celestial  vault,  which  we  designate  as  the  ^re- 
cession  of  the  equinoxes.    (Compare  Preces- 
>:sion).    As  we  descend  in  astronomical  historj-, 
n  not  only  does  the  distinction  between  planets  and 
r  fixed  stars  become  broader,  but  inroads  are  be- 
ing made  into  each  sphere,  more  and  more 
successful  as  years  pass  on.     It  will  suffice, 
!in  this  general  article,  that  we  refer  to  heads 
■under  which,  in  this  Dictionary,  minute  informa- 
tion, occupying  as  gi-eat  space  as  we  can  devote 
to  it,  will  be  found. 

(1.)  The  Solar  System. — The  discoveries  of 
Copernicus  revealed  the  cardinal  fact,  that  the 
earth  is  merely  one  planet,  rolling  with  others, 
and  the  sim.  Several  questions  immediately 
arose,  viz.  firsts  What  is  the  cliaracter  of  the 
orbits  through  which  these  planets  move?  A 
question  answered  by  the  observations  of  Tycho 
-Brahe,  and  the  Laws  of  Kepler.  (Compare  Kep- 
]-er's  Laws).  Next  came  the  inquii-y,  accord- 
ing to  what  mechanical  or  dynamical  laws  do 
these  bodies  move?  what  n^vf  forces  do  their  mo- 
tions reveal?  A  question  answered  by  our 
immortal  countryman,  Sir  Isaac  Newton,  and 
|s-lu8  great  successors.    (Compare  Attraction, 
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Force,  Gka  vitation,  Lunar  Theory).  The 
l^hijsical  characteristic.-:  the  several  constituents 
of  the  solar  system  next  attract  attention.  All 
that  has  been  ascertained  on  this  subject  is  ex- 
posed under  Solar  System,  and  under  the  special 
heads  of  the  names  of  the  different  planets.  To 
which  must  be  added  Asteroids,  Comets, 
Meteors. 

(2.)  The  Fixed  Sti:rs  That  great  and  i\n- 

fatliomable  company  (jf  orbs  whicli  we  name  the 
fxed  stars — orbs  of  the  class  of  our  sim,  and 
round  each  of  which  systems  of  planets  probably 
revolve — interest  us  in  various  ways.  First,  as 
to  their  distance  and  distribution,  see  Con- 
stellation, Parallax,  Nebulae.  Secondly, 
as  to  their  physical  aspects,  compare  Twink- 
ling, Frauenhofer's  Lines.  Thirdly,  as  to 
their  apparent  motion,  see  Precession,  Nuta- 
tion, and  Translation  of  the  Sun.  Fourthly, 
as  to  their  real  motion,  see  Stars  Multiple, 
and  Stars,  Proper  Motions  of. 

(3.)  The  third  important  division  of  astronomy 
may  be  tenned  the  Instrumental.  It  refers  to 
the  manner  by  which  discovery  of  facts  is  now 
successfully  conducted.  Information  on  this 
head  will  be  found  principally  under  Circle, 
Equatorial,  Telescope,  Transit  Instru- 
ment. Minor  points  are  referred  to  mider  Alti- 
tude and  Azimuth  Instrument,  Collimation, 
Errors,  &c. 

(4.)  Practical  Astronomy,  in  its  narrow  sense, 
will  be  discussed,  in  so  far  as  we  can  discuss 
it  in  this  Dictionary,  under  Chronometer, 
Latitude,  Longitcde,  Navigation,  Sextant, 
Time,  &c.  &c. 

The  best  modern  work  on  astronomy  is  that 
by  Delambre — the  Eistoire  and  the  Traits,  in 
nine  quarto  volumes.  Also,  Su-  John  Herschel's 
Outlines. 

Asymptote.  A  straight  line  which  a  curve 
continually  approaches  without  ever  being  able 
to  meet  it,  is  called  an  asjmiptote.  The  possi- 
bility of  this,  not  seen  often  at  first,  will  be 
readily  demonstrated  in  this  way.  Suppose  tlie 
ciu-ve  to  be  at  first  distant  by  i  foot  from  the 
line,  and  suppose  that  in  the  next  foot  it  goes  ^ 
of  a  foot  nearer  it,  in  the  next,  ^  of  a  foot,  in 
the  next,  ^y,  and  so  on.  If  putting  all  these 
sums  together  they  will  never,  however  far  we 
carry  them,  come  to  make  up  one-half  foot,  it 
is  manifest  that  the  curve  will  never  meet 
the  line.  The  sum  of  the  geometrical  series 
^  -f-  -g-  -|-  gV'  'S:c.,  when  carried  on  to  infinity, 
is  equal  to  but  only  then.  If  we  take  any 
finite  number  we  stop  short  of  this,  and  the 
curve  has  not  at  that  point  been  yet  cut  by  the 
line.  As  this  holds  with  any  finite  number  of 
terms,  the  curve  never  reaches  the  line,  but  con- 
stantly approaches.  Eacli  advance  is  accom- 
panied by  an  approach,  but  each  approach  be- 
comes smaller  and  smaller.  Two  curves  which 
have  both  the  same  asymptote,  and  which  do  not 
cut  one  another,  arc  called  also  asymptotes,  by  aa 
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extension  of  the  term.  It  is  only  in  practice 
applied  to  a  straight  line.  There  are  curves  like 
the  circle  which  e\-idcntly  cannot  have  symptotes. 
There  are  otiicrs,  like  the  parabola,  hifinitely  ex- 
tended, which  have  not.  Tlie  hyperbola  is  the 
commonest  instance  of  a  curve  with  an  asymptote. 

The  term  is  derived  from  the  Greek,  and 
signifies  not  falling  together. 

Atmoincter,  (ctrfii;,  vapour ;  /^ir^cv,  a  mea- 
svu-e).  An  instrument  intended  to  measure  the 
quantity  of  water  evaporated  in  given  circum- 
stances. The  simplest  atmometer  is  obtained  by 
exposing  a  vessel  filled  with  water  to  the  atmo- 
sphere, in  chxumstances  as  little  liable  .to  dis- 
turbance during  the  process  as  possible.  The 
water  is  weighed  before  and  after  evaporation, 
and  the  difference  of  weights  shows  us  the  quan- 
tity of  water  evaporated.  A  multitude  of  circum- 
stances, however,  such  as  the  dryness  of  the  soil, 
its  nature,  the  influence  of  plants  upon  it,  &c., 
cause  the  evaporation  to  proceed  more  or  less 
rapidly  at  the  surface  of  the  earth,  and  no  atmo- 
meter has  yet  been  constructed  which  serves  very 
well,  even  at  heights  above  the  surface.  Belloni, 
Leslie,  Anderson,  and  others,  have  described  va- 
rious instruments,  in  none  of  which,  however,  can 
we  place  great  confidence. 

Atmosphere : — the  gaseous  envelope  of  any 
celestial  Orb.  The  term  is  restricted  here,  how- 
ever, to  the  envelope  of  the  Earth.  The  discus- 
sion of  the  structure,  extent,  and  habits  of  our 
Atmosphere  would  spread  out  over  almost  the 
whole  domain  of  meteorology:  we  shall  occupy 
the  present  essay  with  considerations  of  the  main 
portion  only,  of  this  important  division  of  physical 
research, — referring  for  details  to  specific  articles. 

(1.)  Atmosphere,  Constitution  of. — Our  atmo- 
sphere is  the  recipient  of  all  the  vapom-s  and 
gases  exhaled  and  evolved  in  the  laboratory  of 
the  earth ;  but  it  may  be  separated  into  two  por- 
tions, closely  intermingled,  although  widely  dis- 
tinct in  their  character  and  action,  viz. : — I.  The 
smallest,  but  not  the  least  important  section  of  our 
compound  atmosphere,  is  its  Vaporous  portion, 
— consisting  mainly  of  an  envelope  of  Aqueous 
Yapouk,  interspersed  through  the  other  section 
of  it.  This  important  constituent  varies  in  weight 
from  -0033  to  -0166  of  the  entire  weight  of  the 
atmosphere ;  but,  although  it  is  thus  compara- 
tively trifling  in  quantity,  it  is  an  essential  ele- 
ment of  our  aerial  envelope,  giving  rise  to  many 
of  its  leading  phenomena  and  changes,  as  will  be 
seen  below  as  well  as  under  such  articles  as 
Rain,  Cloud,  Mist,  Hygrometry,  &c — II. 
The  Permanently  Elastic  atmosphere;  or  that 
large  portion  of  it  whose  elements  are  not  con- 
densihle  under  ordinary  variations  of  temperature 
and  pressure.  The  three  leading  permanently 
elastic  gases  found  in  this  portion  of  the  atmo- 
sphere are  Oxygen,  Nitrogen,  and  Carbonic  Acid 
Gas;  although  there  are  everywhere  distinct  traces 
of  Nitric  Acid  Gas,  Amm.onia,  Iodine,  and  pure 
Hydrogen.   The  two  elastic  fluids  first  mentioned 
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make  up  the  mass  of  the  atmosphere,  being  found 
in  the  proportion  of  20-9  volumes  of  Oxygen  to 
79-1  of  Nitrogen  or  Azot;  while  Carbonic  Acid 
Gas,  the  element  next  in  importance,  is  present 
only  in  the  low  and  variable  proportion  of  from 
•01  to  -005.  The  proportions  of  these  per- 
manently elastic  elements,  do  not  in  general  per- 
ceptibly vary  with  localities;  nevertheless,  the 
recent  delicate  eudionietrical  researches  of  Reg- 
nault  warn  us  that  this  proposition  must  not  be 
taken  as  of  the  last  exactitude.  The  quantity  of 
the  important  element  oxygen  seems  to  alter  from 
20  to  21^6?'  cent. — variations  referrible  to  localily 
partly,  but  also  to  circumstance.  For  instance, 
on  the  invasion  of  cholera  on  the  Ganges,  near 
Calcutta,  in  March,  1849,  the  proportion  of  oxy- 
gen had  descended  to  20-39.  It  is  horrible  even 
to  look  at  analysis  of  the  air  in  close  and 
filthy  places  in  our  great  cities,  in  the  immediate 
proximity  of  many  crowded  dwelling-houses. 
The  following  is  such  an  analysis  from  a  confined 
wynd  in  Paris.  No  doubt  midtitudes  of  similar 
ones  might  be  produced  from  corresponding 
districts  in  this  coimtry : — 

Oxygen,  13-79 

Azot,  81-24 

Carb.  Acid,   2-01 

Sulph.  Hyd.,   2  99 

To  breathe  air  so  mephitic  is  to  expose  one's  self 
to  certain  death. — T\'e  shall  proceed  to  explain, 
in  the  order  best  smted  to  clearness,  the  habitudes 
of  this  our  Composite  Atmosphere. 

(2.)  Atmospihere,  the  Composite; — Weight,  and 
general  Representation  of;  Variations  in  the 
Weight  of,  according  to  Locality,  Season,  and 
Hour  of  the  Day. — The  determination  of  the 
prime  phj'sical  fact  regarding  our  atmosphere — 
viz.,  its  weight — we  owe  to  an  invaluable  in- 
strument, the  Barometer.  The  action  and 
management  of  this  instrmnent  are  explained 
under  Barometer;  suffice  it  here,  that  the 
corrected  height  of  the  mercurial  column  re- 
presents the  height  of  an  envelope  of  mercurj'', 
at  the  temperature  of  32°,  which  would  equal  in 
weight,  the  entire  aerial  envelope  of  the  earth.  la 
so  far  as  this  element  goes,  ovu-  actual  atmosphere 
might  be  supplanted  by  a  liquid  mercurial  ocean 
of  the  average  depth  of  29-97  inches :  and  it  will- 
sometimes  assist  our  readers'  abUitj'  to  conceive 
the  changes  befalling  the  atmosphere  as  it  is,  if 
he  accustom  himself  to  realize  this  substitution. 
— It  appears,  from  observation,  that  the  height  of 
this  mercurial  atmosphere  is  not  the  same  m  all 
latitudes,  nor  in  any  locality  at  all  seasons,  or  at 
all  hours  of  the  day.  Some  of  the  facts  touching 
on  this  subject  are  explicable  by  theorj',  others 
not  so  as  j'et. — I.  Reckoning  from  the  same  level 
— viz.,  the  sea  shore, — the  heights  of  our  sup- 
posititious atmosphere  are  found  to  vary  with  the 
latitude,  according  to  an  empirical  law,  of  whose  ' 
physical  significance  we  cannot  at  present  give 
sure  account.    At  the  equator  and  its  neighbour- 
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hood  the  average  height  is  29-84  inches.  At 
latitude  10°  the  pressure  or  height  begins  to  in- 
crease v-isibly ;  augmenting  on  towards  latitude 
;;0°  or  40°,  wliere  it  seems  to  reacli  its  maximum, 
being  there  30-08  inches.    Bej-ond  this  zone  tlie 
mean  height  of  tlie  raerciu-ial  envelope  diminishes, 
descending  in  the  arctic  regions  to  29-7G  inches. 
According  to  some  observations,  it  would  appear 
that  the  pressure  once  more  increases,  on  nearer 
approach  to  the  pole.   The  details  on  which  these 
conclusions  rest  have  been  collected  and  presented 
in  an  instructive  table  by  MM.  Schow  and 
I'oggendorf.    As  to  the  theory  of  such  variations, 
nothing  satisfactory  can  at  present  be  hazarded. 
The  latitude  of  maximum  pressure  certainly  cor- 
responds nearly  with  the  polar  limit  of  the  Teade 
Winds  (g'.  v.")    This  subject  is  further  compli- 
cated by  a  suspicion,  if  not  an  established  fact, 
that  the  mean  pressure  of  the  atmosphere  varies 
with  the  longitude  also.     The  first  and  great 
qiicesiiiim,  evidently,  is  the  construction  of  a  full 
system  of  what  are  called  Isoharic  lines,  or  lines 
of  equal  pressure,  over  all  the  smface  of  the  globe. 
— II.  The  weight  or  pressure  of  the  entu-e  atmo- 
sphere, varies  also  over  every  locality  with  the 
season  of  the  year.    The  amount  of  the  variation 
changes  with  the  locality,  and,  in  so  far  as  obser- 
vation has  yet  gone,  lies  between  -173  of  an  inch 
lof  the  height  of  mercurj-,  and  -074.    There  is  a 
i  distinct  connection  everywhere  with  the  seasons, 
alalthough  this  is  at  first  sight  somewhat  complex. 
lOn  an  average,  the  pressure  is  less  in  summer 
Ithan  in  winter.    But  a  double  period  ■  is  observ- 
alable.    Beginning  with  its  maximum  in  winter, 
the  pressure  diminishes  until  the  equinox ;  it  then 
increases  in  summer,  never  however  reaching  the 
»T\'inter  mean.     A  second  minimum  occm's  in 
siautumn,  after  which  the  curve  gradually  ascends 
tnintil  it  attains  the  winter  or  absolute  maximum. 
TThe  following,  for  instance,  is  the  curve  for  Ber- 
liilin,  dra^ra  from  a  meteorological  table  extending 
f'over  a  greater  length  of  time  than  any  other 
n-ffithin  reach: — 
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The  general  cause  of  these  oscillations  is  apparent 
enough.    If  the  temperature  of  a  column  of  air 
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be  augmented,  the  height  of  that  column  neces- 
sarily increases ;  so  that  the  heated  column  may 
be  conceived  to  overflow  at  its  top,  and  therefore, 
as  a  whole,  to  become  liffhier.  On  this  account 
the  pressure  should  everywhere  be  less  in  summer 
than  in  whiter ;  as  we  have  said  it  is,  in  the  main. 
AVhy  these  anomalies  —  several  maxima  and 
minima — exist,  or  why  the  curve  of  pressure 
does  not  exactly  foUow  the  curve  of  temperature, 
will  appear  in  our  next  section  ;  wherein  we  shall 
consider,  apart,  the  habitudes  of  the  aqueous  and 

of  the  permanently  elastic  atmospheres  III. 

The  weight  of  the  atmosphere  over  every  locality 
varies  also,  according  to  a  regular  law,  according 
to  the  hour  of  the  day.  Although  plamly  con- 
nected with  temperature,  this  variation,  lilce  tlie 
former  one,  also  presents  anomalies.  In  the 
com-se  of  every  twenty-four  hours,  the  Barometer 
presents  us  with  two  maxima  and  two  minima; 
recognizable  in  every  set  of  observations  that 
have  been  continued  long  enough  to  enable  us  to 
get  rid  of  anomalies,  or  of  the  effect  of  irregular 
fluctuations.  The  hom-s  at  which  these  crises 
take  place — or,  as  they  are  called,  the  tropical 
hours — vary  somewhat  with  the  place  of  obser- 
vation ;  generally  speaking,  however,  they  may 
be  taken  to  be  as  follows,^  in  the  northern  hemi- 
sphere : — 

Minimum  of  morning, ....  3  h. 

Maximum     —    9  h. 

Minimmn  of  evening, ....  4  h. 
Maximum     —       ....10  h. 

These  tropical  hours  vary  also  in  each  place  with 
the  season ;.  during  winter  they  are  nearer  mid- 
day on  the  whole,  by  about  two  hours,  arriving 
later  in  the  morning  and  sooner  in  the  evening. 
— Another  feature  of  this  diurnal  oscillation  is 
remarkable.  Its  amplitude  or  amount — which 
is  best  represented  by  the  difference  between  the 
mean  of  the  two  minima  and  the  mean  of  the 
two  maxima — varies  with  the  latituds  of  the 
place,  the  season  of  the  year,  and  the  height 
of  the  place  above  the  level  of  the  sea.  It  is 
greatest  at  the  equator,  diminishing  as  we  ap- 
proach the  polar  circle,  where  it  becomes  almost 
insensible.  In  winter,  in  all  localities,  it  reaches 
its  yearly  minimum,  rising  to  a  maximum  in  sum- 
mer. With  the  height  of  the  place,  again,  these 
variations  change  in  a  complex  way ;  the  hours  of 
maxima  and  minima  becoming  reversed.  But  as 
such  changes  will  be  better  understood  when  re- 
ferred to  their  causes,  we  shall  postpone  especial 
notice  of  them  until  next  section. — It  is  of  the 
last  importance  to  the  study  of  all  the  relations 
of  the  atmosphere,  that  the  mean  daibj.  height  of 
the  barometer  be  detemined  at  every  place  of 
observation  -,,  and,  as  the  foregoing  variations  seem 
to  render  this  a  little  difficult,  the  mode  of  accom- 
plishing it  may  be  specified  here.  If  the  height 
in  question  be  measured  every  hour,  or  rertj  frc' 
quenily  and  at  regular  intervals,  during'  the 
twenty-four  hours,— the  sum  of  the  readings 
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divided  by  tlie  number  of  the  times  of  observation, 
will  give  the  daily  mean.  That  same  mean, 
however,  may  be  obtained  approximately  by 
taking  observations  of  the  morning  maximum 
and  afternoon  minimum.  It  is  better,  how- 
ever, to  take  either  of  the  following  three  sets, 
first  at  6  A.M.,  2  p.m.,  and  10  p.m.;  or,  secondly, 
7  A.M.,  2  p.m.,  and  9  p.m.  The  barometer  attains 
its  own  mean  height  between  mid-day  and  one 
o'clock — the  moment  varying  according  to  the 
season. — IV.  The  weight  of  the  atmosphere  over 
any  locality  is  likewise  subject  to  other  and  ap- 
parently irregular  fluctuations.  These  depend  on 
motions  within  our  aerial  envelope  itself,  and  will 
be  treated  in  a  subsequent  section,  as  -well  as 
under  Rain,  Winds. 

(3.)  Atmosphere,  Causes  of  the  Changes  of 
Weight  of.  Influence  of  the  Bahitudes  of  its  Con- 
stituents.— We  shall  not  attempt  at  present  to 
explain  the  causes  of  those  permanent  irregular- 
ities in  the  weight  of  the  atmosphere,  which  de- 
pend simply  on  the  latitude,  and  apparently  also 
the  longitude,  of  the  place.  But  the  fluctuations 
adverted  to  in  II.  and  III.  paragraphs  of  the 
foregomg  section  can  readily  be  accounted  for. 
In  the  case  of  a  permanently  elastic  atmosphere,  a 
proposition,  already  hinted  at,  would  be  absolutely 
true : —  When  the  barometer  falls  in  a  country,  it 
is  because  the  temi^erature  of  the  country  is  higher 
than  that  of  the  neighbouring  countries,  whether 
because  it  is  heated  directly.,  or  because  these  coun- 
tries are  cooled;  on,  the  contrary,  the  rise  of  the 
barometer  proves  that  this  country  becomes  colder 
than  those  which  surround  it.  A  proposition 
flowing  out  of  one  general  and  simple  considera- 
tion, viz.: — In  an  atmosphere  in  equilibrio  as  to 
temperature,  all  its  columns,  from  base  to  ex- 
treme surface,  would  at  every  locality  be  of  the 
same  height  and  weight.  If  one  column  be 
heated,  it  will,  as  has  been  said,  expand  and  floiv 
over  the  others,  or,  it  wUl  lose  in  weight.  On  the 
contrary,  if  a  column  is  cooled,  it  wLU  contract  in 
volume ;  and  the  neigbbom-ing  columns  will  flow 
into  it,  and  augment  its  weight.  Taking  this  for 
our  ground  then,  we  would  expect,  that  as  a 
country  becomes  heated,  whether  during  the 
course  of  the  seasons,  or  according  to  the  hours  of 
the  day,  the  barometer  should  fall  there,  and 
vice  versa ;  in  other  words,  the  maximum  of  the 
barometer  should  occur  eveiy  where,  on  an  average, 
at  mid-winter,  and  its  minimum  at  mid-simmer ; 
while  two  opposite  crises  should  occur  in  its 
diurnal  course,  at  the  hours  of  greatest  daily  cold 
and  greatest  daily  heat.  Now,  although  in  the 
facts  already  mentioned  there  is  a  general  corres- 
pondence with  these  laws,  we  detect  apparent 
anomalies  likewise.  For  instance,  Avhy  have  we 
that  irregularity  in  the  curve  of  the  barometer 
during  the  season  ?  whence  the  apparent  minima 
in  spring  and  autumn,  and  that  comparative 
ascent  in  summer?  And  although,  as  day  pro- 
ceeds, the  mercury  falls  between  tlie  periods  of 
mean  temperature— viz.,  9  or  10  in  the  morning, 
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and  9  or  10  in  the  evening — and  an  hour  close 
on  the  hour  of  maximum  daily  heat;  whence  the 
singular  minimum  of  an  hour  of  the  night  con-es- 
ponding  so  closelj'  with  the  hour  of  greatest  cold? 
By  consideration  of  the  different  habitudes  of  the 
two  constituents  of  our  compound  atmosphere, 
these  apparent  anomalies  are  easily  ex])lained. 
As  already  stated,  we  have  a  vaporotts  mass 
mixed  with  our  permanently  ela.stic  envelope, 
comparatively  small  in  amount  certainly,  but 
quite  efficient,  through  its  extreme  sensitiveness 
to  changes  of  heat,  to  impress  anomalies.  Now 
the  weight  of  the  vaporous  atmosphere  must  evi- 
dently increase  with  the  heat  of  the  season  and 
the  hour  of  the  day,  and  vice  versa.  Its  relations 
to  the  barometer  and  thermometer  are  therefore 
the  inverse  of  that  of  the  permanentlj'  elastic 
envelope ;  and  out  of  this  contradiction  the  enu- 
merated anomalies  spring.  Fortunately  the  two 
atmospheres  can  be  separated.  By  the  instni- 
ments  of  hygrometry  (see  Hygrojietry,  Psy- 
CHROJiETBv),  the  weight  of  the  vaporous  atmo- 
sphere is  measured  by  itself;  and  by  subtract- 
ing this  weight  from  the  total  weight  of  the 
air,  we  obtain  the  weight  of  the  dry  mass  of  air 
surrounding  us.  Separating,  then,  these  two 
counteracting  influences,  and  attributing  to  each, 
its  effect  on  the  barometer,  we  reach  the  following 
conclusions : — I.  "When  the  effects  due  to  the 
vaporous  atmosphere  are  deducted,  and  we  have 
the  weight  of  the  dry  or  permanently  elastic 
envelope  alone,  tbe  minima  of  spring  and  autumn 
disappear,  and  tihe  heights  of  the  barometer  are 
inversely  as  the  heights  of  the  thermometer ;  the 
one  maximum  of  the  year  occurring  in  the  depth 
of  winter,  and  the  one  minimum  at  the  hottest 
period  of  summer.  The  declension  of  the  weight 
of  the  composite  atmosphere  in  spring  and  autumn 
is  due  to  this : — -In  spring  the  pressure  of  the  dry 
air  rapidly  diminishes,  while  there  is  no  compen- 
sating or  corresponding  increase  in  the  amount  of 
vapoiu-.  This  last  increases  rapidly  towards  the 
height  of  summer,  compensating  for  and  counter- 
acting, in  so  far,  the  continued  diminution  of  the 
weight  of  the  dry  air ;  and  in  autumn  tiie  aqueous 
vapour  rapidly  precipitates,  while  the  weight  of 
the  dry  air  augments  only  slowly.  Exactly,  too, 
in  proportion  as  the  seasons  differ  from  each 
other  at  any  place — i.  e.,  according  to  the  differ- 
ence between  mean  winter  and  mean  summer 
temperature — is  the  difference  between  the  winter 

maximum  and  summer  niinimtim  II.  The  diurnal 

oscillations  of  the  barometer  or  of  the  weight  of 
the  atmosphere,  although  somewhat  difficult  to  ex- 
plain in  all  places,  evidently  originate  in  this  same 
complex  character  of  our  envelope.  M.  Dove,  of 
Berlin,  firet  proposed  a  separation  of  the  effects 
of  the  two  atmospheres,  as  the  key  to  these  irre» 
gularities;  and  the  following  are  his  general 
results :  — Take  away  the  effect  or  weight  of  the 
vaporous  atmosphere,  and  the  oscillations  are  re- 
duced to  one  single  curve ;  viz.,  from  a  maximum 
some  time  after  midnight,  or  the  hour  of  greatest 
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ccld.  to  a  minimum  at  the  hour  cf  gi-eatest  heat ; 
the  crises  in  the  morning  nncl  evening  disappear. 
The  midnight  maximum  of  dry  air  becomes  the 
minimum  of  the  composite  atmospliere,  because 
of  the  remarkable  abstraction  of,  or  condensation 
of  vapour,  necessarily  occurring  at  this  diunial 
jieriod.  There  is  a  morning  maximum  again, 
because  of  the  rapid  ascent  of  vapour  as  the  tem- 
perature of  the  day  augments.  About  three  or  four 
in  the  afternoon,  the  great  descent  of  the  weight 
of  the  dry  air,  counteracts  the  augmented  weight 
of  vapour,  and  constitutes  a  mirnmum;  while  the 
dimmution  of  vapour  towards  evening,  over 
compensated  by  the  increase  of  weight  of  the 
dry  air,  occasions  an  evening  maximum.  The 
theory  now  given,  may  be  carried  out  so  far  as  to 
account  for  the  varying  amplitudes  of  the  diurnal 
oscillations,  according  to  latitude ;  so  that  these 
apparently  ditBcult  movements  of  the  barometer, 
are  really  nothing  more  than  one  regular  feature 
of  the  climate  of  a  place. 

(4.)  Atmosphere,  the  Habitudes  of  a  Vertical 
Column  of. — It  is  now  necessary  to  consider  our 
aerial  envelope  in  reference  to  another  of  its  dimen- 
sions, viz.,  its  height  or  depth,  and  the  phenomena 
belonging  to  its  various  strata — aiTanged  ac- 
cording to  their  altitudes.    As  explamed  in  a 
previous  article  (Altitudes,  Measurement  of), 
the  densities  of  the  various  strata  of  air,  or  what 
is  the  same  thing,  the  weight  of  the  masses  in- 
cumbent on  them,  decrease  in  geometrical  pro- 
gression as  their  height  above  the  surface  of  the 
earth  increase  in  arithmetical  progression ;  which 
t  theoretical  principle,  coupled  with  facts  deduced 
f  from  observation,  enables  ns  to  construct  as  ap- 
f  proximately  accurate,  the  following  table : — 


Height  in 
Miles. 


No.  of 
Times  Karer. 

1 


3.^ 


14 
21 
28 
35 
d2 
49 


  2 

  4 

  16 

  64 

  256 

  1024 

  4096 

  16.384 

66    65536 

&c.  &c. 

1  It  is  evident  that  at  such  a  rate  of  diminution 
c  of  density  the  atmosphere  may  virtually  be  said 
t  to  have  a  physical  limit  not  far  removed  from  us : 

did  it  extend  as  high  above  us,  as  London  is  dis- 
:  tant  from  the  city  in  wliich  we  write  (Glasgow), 

one  culiic  inch  of  the  air  we  breathe,  would  be 
'<  expanded  so  vastly  that  it  would  fill  a  sphere 
•  equal  in  diameter  to  the  orbit  of  Saturn!  But 

■  the  outer  boundary  of  the  atmosphere  is  far  less 
remote ;  one  can  scarcely  conceive  it  extending 

!  higher  than  from  100  to  150  miles.    There  are 

■  two  very  important  considerations  intimately 
!  related  with  this  rapid  declension  of  the  densitv  cf 
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a  vertical  column  of  air. — I.  The  temperature  ot 
the  atmosphere  diminishes  as  it  r/rows  rarer,  or 
as  we  ascend  in  it.  The  exact  relation  of  tliis 
decrease  of  temperature  and  decrease  of  density 
is  perhaps  not  accurately  established ;  and  it  is 
plain  that  it  must  be  seriously  affected  by  the 
diverse  winds  prevailing  in  diverse  parts  of  the 
earth,  and  other  circumstances.  Nevertheless,  it 
may  be  stated  that  in  our  northern  climates  the 
diminution  is  not  far  from  1°  for  270  feet  of  per- 
pendicular ascent.  Or  more  accurately,  a  general 
fonnula  may  be  given  in  the  following  terms. 
Taking  85°  as  the  mean  temperatiu-e  of  the 
surface  of  the  earth  at  the  equator,  and  58°  the 
mean  temperature  at  latitude  45°,  we  have  for 
any  other  latitude  ^,  the  mean  temperature  t,  from 
this  equation — 

f  =  58°  +  (85°  —  58°)  .  cos  2  ? 
or 

<  =  58°  -f  27°  .  cos  2  'P 

and  if  the  place  is  h  feet  above  the  surface  of  the 
ground,  or  n  times  270  feet, 

«  =  58°  -f-  27  cos  2  ?  —  re 

On  ascending  into  the  atmosphere,  at  every  lati- 
tude, a  point  or  altitude  will  always  be  reached 
at  which  it  ratlier  freezes  than  thaws;  a  point 
named  the  point  or  limit  of  perpetual  congelation. 
This  point  is  found  with  a  general  accuracy  by 
the  equation 

32°  =  58°  -f  27  cos  2  9  —  w 
or 

n=  26  -f-  27  cos  2  ^ 

a  fonnula  which  would  give  14000  feet  as  the 
height  of  perpetual  congelation  at  the  equator. 
The  actual  height  is  greater  than  this ;  but  the 
formula  tolerably  well  represents  the  average 
elevation  of  the  line  at  the  various  latitudes.  No 
general  formula,  however,  is  applicable,  unless  the 
limit  of  accuracy  be  regarded  as  veiy  wide,  in- 
asmuch as  the  height  of  perpetual  snow  in  any 
country  whatever,  depends  during  any  course 
of  years,  on  elements  having  little  connection 
with  the  latitude,  such  as  the  temperatm-e  of  the 
plains  or  plateaux  above  which  the  snows  fall, 
the  degree  of  the  heat  and  the  duration  of  the 
summers,  the  quantity  of  snow  falling  during 
winter,  the  prevailing  direction  of  the  winds,  the 
more  or  less  continental  character  of  the  country, 
the  dryness  and  transparency  of  the  atmosphere, 
the  escarpments  of  the  mountain  summits,  and 
the  masses  of  neighbouring  snoivs.  In  the  im- 
mediate proximity  of  this  line  of  congelation, 
lying  closely  below  it,  is  the  region  of  the  glaciers, 
tliose  immense  masses  of  moving  snow  and  ice 
which  have  performed  so  important  a  part  in 
modifying  the  present  surlace  of  our  globe.  II. 
This  regular  diminution  of  temperature,  as  we 
ascend  in  the  atmosphere,  induces  very  important 
cfl'ects  on  the  vaporous  portion  of  our  envelope. 
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It  is  easy  to  see,  in  the  first  place,  that  since  this 
vaporous  portion,  however  small  its  relative 
quantity  or  weight,  plays  the  remarlcable  part 
assigned  to  it  above,  in  the  production  of  the 
barometric  oscillations  at  the  surface  of  the  earth, 
we  should  here  expect  a  key  to  changes  in  the  law 
of  these  oscillations,  according  to  the  elevations  at 
■which  we  observe  them,     the  vaporous  atmo- 
sphere diminishes  in  weight  as  we  ascend,  much 
more  rapidly  than  the  (hy  air,  and  its  influence 
accordingly  becomes  less  and  less  felt.    But  of 
much  more  importance  is  this, — the  vaporous 
atmosphere  is  constrained  to  adjust  itself  to  the 
temperatures  of  the  dry  atmosphere ;  and  as  these 
temperatures  are  not  wliat  its  different  strata 
would  naturally  assume,  it  must  be  regarded  as 
placed  by  its  associate  in  a  condition  of  restraint. 
Out  of  this  restraint  almost  all  the  phenomena 
of  hydrometeors  may  be  said  to  spring ;  and  these 
again  react  on  the  dry  atmosphere  and  produce 
in  it  remarkable  changes.  The  topics  now  refen-ed 
to,  will  be  fully  discussed" elsewhere;  especially 
in  the  articles  on  Hygrometry,  Hydrometeors, 
and  AViNDS  (q.  v.) 
•(5.)  Atmosphere;  Irregular  Oscillations  of, 
Weight  of  Motions  of. — Besides  the  periodic 
oscillations  now  mentioned,  the  weight  of  the 
atmosphere  over  everj'-  locality  is  subject  to 
changes,  recurring  indeed,  but  whose  periods  are 
not  fixed, — originatmg  in  more  complex  causes. 
It  cannot  have  failed  to  be  observed,  that,  through 
effect  of  what  has  been  explained,  our  aerial 
envelope  must  be  in  a  condition  of  unceasing 
motion.    That  inequality  of  heat  which  belongs 
to  the  surface  of  our  globe  (Climate)  neces- 
sarily aflTects  variously  the  columns  of  air  super- 
incumbent on  the  surface ;  these  cease  to  balance 
each  other  in  a  state  of  rest ;  and  interchanges  of 
currents,  with  a  view  to  the  re-establishment  of 
equilibrium,  are  the  consequence.    To  facihtate 
an  accurate  apprehension  of  the  character  and 
effect  of  such  motions,  it  is  needful  to  distinguish 
carefully  the  two  quite  different  ways  in  which 
any  fluid, — whether  liquid  or  permanently'  elastic, 
— can  be  agitated.  These  two  ways  are  as  follows : 
first,  by  effect  of  a  transmission  of  its  particles 
from  one  place  to  another  at  a  greater  or  less 
rapid  rate,  as,  for  instance,  in  the  case  of  currents 
of  water  or  rivers,  or  aerial  winds  or  gales ;  and 
secondly,  by  the  mere  transmission  of  motion  or 
of  oscillations,  as  in  the  case  of  the  propagation  of 
vibrations  along  an  outstretched  string.    Of  this 
latter  sort  are  the  tidal  waves  of  the  ocean,  which, 
every  observer  knows,  do  not  transport  a  floating 
body  on  their  surface,  that  body  remaining  com- 
paratively fixed,  or  only  rising  from  the  trough 
to  the  crest  of  the  waves,  and  vice  versa,  as  the 
•waves  themselves  roll  by ;  and  of  this  sort  also 
are  those  great  atmospheric  oscillations  now 
termed  atmospheric  waves.    The  phenomena  and 
influences  of  these  two  descriptions  of  motion  are 
manifold ;  we  shall  give  a  brief  account  of  them 
separately  I.  A  tmosphcric  waves, — Everj'  close 


ATM 

observer  of  barometric  changes  must  have  noticed 
the  remarkable  fact,  that,  irrespective  of  diurnal 
and  seasonal  changes,  there  appears  everj'^vhere, 
a  flow  more  or  less  regular,  of  what  may  be 
termed   barometric  maxima  and  minima,  uc- 
accompanied  by  winds,  or  at  all  events  having  no 
visible  relation  to  winds:  first,  there  occurs  a 
minimum  of  pressure,  then  the  pressure  gradually 
rises  until  it  attains  a  maximum,  from  which  it 
again  returns  to  a  ne^v  minimum.    These  suc- 
cessions are  e\'idently  no  repetition  of  one  pheno- 
menon, because  the  distance  of  time  between  the 
two  minima,   and  the  difference  of  pressure 
between  the  maximum  and  minimum,  are  not 
the  same  on  the  recurrence  of  the  change ;  they 
are  rather  a  series  of  individual  phenomena,  much 
of  the  same  kuid.    It  is  observed  too,  that  such 
changes  at  one  place  are  attended  by  correspond- 
ing changes  at  many  other  places  distant  as  well 
as  near,  so  that  the  entire  occurrence  may  be  re- 
presented by  the  supposition,  that  a  great  atmo- 
spheric wave  is  being  propagated  across  the>e 
localities, — the  period  of  maximum  pressure  being 
the  moment  of  the  transit  of  the  crest  of  the  wave^ 
while  the  preceding  and  succeeding  minima 
indicate  the  passage  of  its  trough.    The  distance 
from  minimum  to  minimum  would,  under  this 
view,  indicate  the  breadth  of  the  oscillation  or 
wave,  and  the  difi'erence  between  the  maxivtum 
and   minimum  pressure,  its   amplitude.  The 
character  and  progress  of  these  waves  have  not 
been  closely  studied  until  recently,  and  our 
knowledge  of  them  is  still  very  imperfect.  By 
the  labours,  however,  chiefly  of  Mr.  Eirt,  who 
has  wrought  most  eflectively  tmder  the  encourage- 
ment of  the  British  Association,  certain  important 
results  have  been  established.    The  Atmosphere 
it  appears  is  alwaj-s  agitated  by  such  waves ;  and 
there  appear  to  be  many  systems  of  them, — one 
system  oftenmecting  withanother,  and  occasioning 
curious  and  complicated  knots  and  lines  of  pres- 
sm-e.  The  extent  of  a  main  wave  is  very  great :  of 
which  the  chart  at  the  top  of  next  page  is 
highly  illustrative.    It  traces  the  progress  of  s 
minimum  for  three  successive  days,  over  that 
vast  stretch  of  country  from  Paris  to  Pelin,  and 
indicates  the  velocity  of  its  march.    The  bend- 
ings  of  these  curves  are  very  airious,  being  caused 
chiefly  by  the  diflercnt  velocities  with  which 
the  waves  are  propagated  over  different  regions. 
The  lap  round  the  Alps  is  especiallj'  noticeable. 
Mr.  Birt  has  gone  into  much  greater  detail  than 
we  can  follow  here;  he  has  even  sketched  the 
sha])e  or  section  of  several  important  waves  in  his 
various  reports. — The  various  causes  of  tliese  oscil- 
lations cannot  of  course  be  accurntelj'  ascertained, 
until  the  facts  conceniing  them  are  known  over 
the  greater  part  of  the  earth.     But  something — 
although  not  the  whole — is  apparently  due  to  dis- 
turbances occurring  in  the  polar  regions,  through 
the  sinking  of  the  upper  equinoctial  currents  of  air 
(see  Winds),  and  the  departure  soutlnvard  of  the 
colder  polar  cuneuts.    If  this  uiterchange  took 
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Ordinary  Propagation  of  Atmospheric  Waves,  with  lines  Jbr  June,  IS'll- 


•lace  exactly  at  the  pole,  we  should  have  a 
Ijegular  propagation  of  waves  towards  the 
nth,  extending  around  the  whole  earth;  but 
IS  it  does  not  do  so  (see  Tkjiperatore),  there 
must  arise  a  series  of  separate  waves,  stretching 
9ut  towards  the  south  along  sectors,  whose  angles 
more  or  less  acute  or  obtuse,  and  generally 
terfering  with  each  other.  The  following  general 
(tonclusions,  however,  may  be  safely  accepted  as 
camming  up  our  present  knowledge*  of  the 
hohenomena  and  progress  of  these  waves.  First, 
IThe  atmosphere  is  constantly  traversed  by  several 
ilifferent  systems  of  waves.  These  interfere  or 
terlace,  and  so  produce  over  every  locality  on 
;e  earth,  a  special  condition  of  atmospheric  pres- 
oure.  Second,  Amidst  all  the  variations  of  sucli 
lovements,  there  may  be  always  traced  a  pre- 
dominating system  of  waves  belonging  to  and 
sharacteristic  of  the  same  climate,  or  large  portion 
if  the  globe.  Third,  All  atmospheric  waves,  in 
lifiurape  and  Asia,  are  propagated  from  nortli  to 
luth,  although  not  with  tlie  same  velocity ;  they 
ove  more  rapidly  in  central  Europe  and  in  Asia, 
tehan  they  do  in  Russia  and  the  countries  around 
he  Ural  (see  Chart).  Fourth,  Atmospheric 
aves  are  propagated  with  greater  facility  over 
iihe  surface  of  oceans,  than  across  continents. 
'.n  general  the  asperities  of  the  globe,  especially 
:.;hains  of  lofty  mountains,  diminisli  their  velocity 
md  also  impair  their  intensity  or  amplitude. 
^ifth,  This  inequality  of  velocity  on  continents, 
neighbourhood  of  the  sea,  and  near  mountains, 
explains  the  inflexions  or  sinuosities  of  the  line 
n  the  foregoing  chart,  as  well  as  of  all  other  lines 
)f  progress  yet  known.  Sixth,  The  velocity  of 
-propagation,  as  already  said,  is  variable.  As  an 
iverage  velocity  we  may  state  from  eigliteen  to 
thirty  miles  an  hour ;  at  the  Ural  they  do  not 
»jnove  more  rapidly  than  six  miles  an  hour. 


Seventh,  The  direction  and  progress  of  atmo- 
spheric waves  have  no  relation  to  the  prevailing 
ivinds.  It  is  with  them  exactly  as  with  waves 
of  sound,  which  are  transmitted  in  all  directions 
without  regard  to  the  winds,  although  these  last 
sometunes  modify  both  their  intensity  and 
velocity. — It  scarcely  requires  to  be  remarked 
how  importantly  the  progress  and  concurrence  of 
these  great  oscillations  must  modify  atmospheric 
pressure  over  every  localitj'.  The  complete 
mappmg  of  them  is  a  task  very  far  from  being 
accomplished ;  nor  until  after  that — though  con- 
stant observation  at  vastly  more  numerous 
stations — shall  have  been  achieved,  would  it  be 
reasonable  to  expect  a  satisfactory  theory  of  their 
origin  and  habitudes.  One  cannot  avoid  reflect- 
ing, that  were  the  outer  shell  of  our  atmosphere 
self-luininous,  these  waves  and  their  intcrlacings 
would  present  to  a  spectator  from  without,  features 
far  from  dissimilar  fo  that  singularly  mottled 
aspect  of  the  apparent  surface  of  the  Sun. — II. 
Tlie  second  class  of  motions  characterizing  the 
mass  of  the  atmosphere,  is  much  more  noticeable, 
through  the  higher  and  more  palpable  nature  of 
its  effects.  Winds,  properly  so  called,  are  true 
currents — violent  displacements  of  the  aerial 
particles — ^just  as  the  water  of  a  river  does  not 
oscillate  but  flow  onwards.  The  mainspring  of 
all  sucli  translations  has  been  already  indicated, 
viz: — if  one  vertical  column  of  air  be  heated  or 
cooled,  a  current  is  necessarily  thereby  determined 
towards  the  heated  column  or  from  the  cooled  one. 
The  physical  relations  and  character  of  difl^erent 
regions  of  the  earth  render  this  inequality  of 
heating  an  essential  part  of  its  constitution  :  for 
instance,  the  equinoctial  columns  of  the  atmo- 
sphere must  always  be  warmer  than  the  polar; 
tlie  air  over  continents  must  be  warmer  in  sum- 
mer and  colder  in  winter  than  the  air  over  coa- 
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tigixous  oceans ;  the  air  resting  over  a  desert  of 
sand,  is  always  hotter  than  that  wliich  o\-erliangs 
a  region  of  forest,  &c.  &c.  Winds  thus  arise  neces- 
sarily i  they  must  exist  always ;  and  M'hatever 
their  complication,  they  form,  as  Ave  have  said, 
an  essential  cliaracteristic  of  our  atmosjAere. 
The  subject  wliich  has  now  come  before  us  being 
one  of  the  most  complex  and  extensive  connected 
.  with  the  physical  geograpliy  of  the  earth,  can- 
not l  ightly  be  discussed  as  part  of  another  article. 
AVe  shall  give  a  synoptic  view  of  om-  knowledge 
concemingit,  under  theappropriateliead — Wixus, 
to  which  general  head  we  refer  all  aerial  move- 
ments of  translation,  whether  these  are  local  or 
cosmical,  gentle  or  so  violent  that  they  amount 
tolmrricanes  and  tijplioons, — generically  to  stoms. 
It  may  be  remarked  in  this  place — in  reference 
to  mucli  already  adverted  to — that  each  wmd  has, 
in  every  separate  localitj',  its  peculiar  but  deter- 
minate barometric  influence,  so  that  the  variability 
of  winds  has  to  be  subjoined  to  those  many  causes 
above  specified,  of  variations  of  Atmospheric  pres- 
sure.   Compare  the  article  just  mentioned. 

(6.)  Atmosphere^  Heat  of. — Some  leading  facts 
regarding  the  heat  of  the  atmosphere  have  been 
alread}-  spoken  of.    lor  the  rest  compare  Tjjm- 
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(7.)  A  tmospliere,  Optical  Phenomena  of. — The 
Atmosphere  acts  upon  the  Eay  passing  througli 
and  into  it,  in  various  ways : — It  absoi-bs,  and 
therefore  reflects  it  partially ;  it  refracts  it,  and 
thereby  evolves  very  interesting  phenomena ;  it 
acts  by  diffraction  and  interference  in  produc- 
ing curious  appearances;  and  it  slso  jmlarizes 
th^  solar  beams.  We  sliall  do  little  more  in  this 
article  than  refer  to  the  ditferent  heads  under 
"which  the  various  aspects  and  operations  just 
spoken  of,  are  explained  in  sufficient  detail. — 
I.  The  colour  of  the  air  is  mainly  blue;  a  fact 
apparent  in  the  blue  tint  assumed  by  distant  ob- 
jects— as  mountahis — seen  through  it.  Tlie  ex- 
planation usually  given  is,  of  course,  this : — That 
the  particles  of  the  atmosphere  reflect  blue  rays 
chiefly,  and  absorb  or  transmit  the  otlier  rays. 
But  the  whole  subject  of  the  optical  i-elations  of 
gases,  is  at  present  vague  and  incomplete.  It 
seems  likely  that  a  bundle  or  sheaf  of  solar  rays, 
passing  througli  large  thicknesses  of  air,  gradually 
loses  the  blue  rays  by  diffusion;  hence,  perhaps, 
the  circumstance  tliat  celestial  objects  near  the 
horizon  appear  of  the  tint  complementary  to  the 
blue,  viz.,  the  yellov).  This  same  fact  is  indicated 
by  the  spectrum  received  from  the  sun  at  dillerent 
altitudes.  As  the  sun's  altitude  declines,  tlie 
violet  part  of  the  spectrum  gradually  shrinks  in 
comparative  space;  at  last  it  disappear  alto- 
gether, and  the  spectrum  yields  only  red,  orange, 
yellow,  green,  and  a  small  portion  of  blue.  Tlie 
optical  properties  of  aqueous  vapour  give  addi- 
tional interest  to  tliese  phenomena.  Tlie  yellow 
tints  of  the  sun  and  moon,  seen  througli  clouds, 
are  owing  to  these  properties ;  hence  the  common 
saying,  tliat  a  red  setting  sun  is  a  sign  of  great 
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humidity.  It  is,  of  course,  not  possible  to  separate 
the  effects  of  the  lunnid  atmospliere  from  those  of 
the  dry  one,  or  to  say  exactlj'  what  is  due  to  the 
one  and  what  to  the  other,— they  being  always 
intermingled.  The  only  general  conclusion  we 
can  reach  is  that,  as  witli  the  sea,  our  aerial 
envelojie  belongs  to  that  class  of  bodies  which 
have  two  colours — one  througli  eflect  of  reflection, 
and  the  otlier  from  light  transmitted  Instru- 
ments have  been  devised  for  measuring  tlie  tints 
of  the  sky.  see  Cyanometer,  Diaphcjnometer, 
See,  also.  Stars,  Accidental  Colours  of;  and 
Dawn  and  Twilight.  —  II.  The  atmosphere 
plays  an  important  part,  through  its  power  to 
refract  light.  Its  functions  in  this  respect 
are  fully  discussed  under  Kefractiojj  As- 
tronomical ;  Mirage  ;  Rainbow  ;  Halo  ; 
Parhelion. — III.  To  diffraction  and  interfer- 
ence we  owe  the  phenomena  of  Crowns  and 
Antiielia  (compare  tliese  articles);  and  under 
the  head  Polarization  is  placed  a  full  explana- 
tion of  that  curious  subject,  the  polarization  of 
the  Atmosphere. — These  references  will  guide  the 
student  to  as  accurate  a  knowledge  of  the  several 
subjects  as  our  limits  permit  us  to  offer  him. 

(8.)  Atmosphere,  Electricity  of — It  is  well 
kno™,  and  ■^^^ll  be  explained  in  detail  under 
appropriate  articles  in  this  Dictionary,  that  when 
the  particles  of  a  bod}'  experience  any  derange- 
ment, or  undergo  any  change  whatsoever,  whether 
as  to  their  natural  position  of  equiUbrium,  in 
their  grouping,  or  in  their  chemical  constitution, 
there  supervenes  an  immediate  separation  of  a 
part  of  what  are  called  the  two  electricities ;  or, 
to  speak  more  rigorously,  a  certain  development 
of  the  electrical  polar  forces.  This  plienomenop 
is  invariably  produced  whenever  the  particles  are 
shaken,  or  separated  by  friction,  percussion,  heat, 
light,  chemical  action,  <S:c.  Now  this  same 
separation  of  the  electricities,  or  development  of 
the  polar  forces,  appears  an  essential  element  of 
relations  between  the  earth  and  atmosphere;  which 
two  portions  of  the  terrestrial  spheroid  are,  through 
the  influence  of  causes  far  from  weU  understood, 
always  in  opposite  electric  states — the  latter 
manifesting  the  positive  force,  and  the  former  the 
negative  force. — I.  Premising  that  the  instru- 
ments used  in  detecting  the  existence  and  varia- 
tions of  atmospheric  electricity  will  be  described 
under  Electroscope,  Electrometer,  and 
IMoLTiPLiER,  Ave  shall  first  laj'down,  in  due  order, 
the  general  laAvs  Avliich  the  facts  alreadj'  accumu- 
lated seem  to  indicate  on  this  curious  subject, 
1.  As  already  stated,  the  electricity  of  the  earth 
is  negative ;  that  of  the  atmosphere  positive :  ex- 
tending to  a  slight  distance  from  the  surface  of 
the  earth  (a  distance  A-arying  according  to  tho 
nature  of  tlie  soil,  but  Avhicli  in  the  open  country 
is  from  three  to  five  feet),  there  is  a  neutrat 
stratum,  above  Avhich  the  positive  polar  forc8 
manifests  itself,  increasing  in  intensity  as  W8 
ascend.  To  ascertain  the  law  of  this  increase 
Avere  of  great  importance;  and  the  object  has 
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'cn  soiiglit  to  be  accomplished  by  aid  of  Hies, 
pt'ive  hulloons,  and  arrows  shot  to  various 
■ights.  The  practical  difficulties  of  the  invcsti- 
ration,  however,  .ire  very  great,  nor  have  any 
■esults  more  precise  than  the  following  been  yet 
!)tained: — First,  If  an  isolated  body  near  the 
irface  of  the  soil,  and  previously  in  comniunica- 
ion  with  the  soil,  be  brought  into  contact  with 
he  electroscope,  the  gold  leaves  do  not  separate 
I-  give  signs  of  electrical  tension ;  but  if  the  sky 
■  clear,  and  the  apparatus  is  can-ied  to  a  height, 
he  leaves  diverge,  and  indicate  positive  electricity. 
'>econdhj,  The  tension  thus  indicated  increases 
with  the  height.  Third,  The  action  between 
two  bodies  showing  electric  tension,  takes  place 
with  increased  facility,  if  one  or  both  of  them 
be  easily  vaporized.  There  is,  therefore,  more 
powerful  action  between  the  atmosphere  and  sur- 
faces of  water,  than  between  it  and  dry  surfaces. 
Vaporization  is  increased  by  this  action ;  and 
\-apours  in  a  negative  state  are  thus  diffused 
through  the  air,  and  retain  that  state  so  long  as 
their  molecules  remain  in  the  vesicular  state. 
(See  Clouds).  Fourth,  When  the  air  is  dry 
no  electric  indications  can  be  obtained,  unless 
through  means  of  very  long  rods ;  when  it  is 
slightl_y  humid,  on  the  other  hand,  -continuous 
currents  appear,  although  the  rod  of  the  instru- 
ment be  comparatively  short. — 2.  During  serene 
weather  the  tension  of  atmospheric  electricity 
undergoes  regular  variations,  according  to  the 
hour  of  the  day  and  the  season.  We  owe  most 
important  knowledge  on  this  subject  to  Schubler 
of  Stuttgard,  Arago  of  Paris,  Quetelet  of  Brussels, 
and  lately  to  the  meteorological  Observatory  at 
Kew.  It  appears,  ^rsi,  that  we  have  everywhere 
two  daily  maxima  and  two  daily  minima  of  ten- 
sion. At  Stuttgard,  for  instance,  there  is  a  mini- 
mum at  four  in  the  morning,  a  maximum  at  eight, 
a  second  minimum  at  Jive  in  the  afternoon,  and 
a  second  maximum  between  eight  and  nine  at 
night-  And,  secondbj,  that  the  greatest  intensity  is 
in  winter,  and  the  least  in  summer;  or,  rather,  that 
in  serene  weather  the  intensity  of  atmospheric 
electricity  is  in  proportion  to  the  increase  of  cold. 
The  cause  of  these  variations  is  probably  the  fol- 
lowing : — Towards  midnight  the  electricity  of  the 
atmosphere  ought  to  be  feeble,  because  the  hu- 
midity of  the  evening  and  the  first  hours  of  the 
night  must,  through  its  conducting  power,  have 
transmitted  to  the  earth  a  portion  of  what  had 
previously  accumulated  in  the  air ;  when  the  sun 
has  risen  with  its  heat,  the  vapours  rise,  instead 
falling ;  so,  all  discharge  in  this  way  ceases ;  as 
the  sun's  heat  increases,  and  ascends  to  its  maxi- 
mum, the  air  gets  quite  dry,  becomes  a  bad 
conductor,  and  thus  affects  the  instruments  only 
sliglitly ;  fmally,  as  the  sun  descends,  vapour  is 
precipitated,  and  for  a  time  transmits  electricity 
very  abundantly  from  above— so  that  we  have 
dady  two  apparent  maxima  and  two  minima.— 
In  the  same  way  the  annual  variations  can  be 
xplained.    During  the  heat  of  summer  the  air 
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is  dry,  and  a  bad  conductor ;  while  in  winter  the 
humid  air  is  a  good  conductor — It  would  seem, 
therefore,  that  tliese  maxima  and  minima  rather 
relate  to  the  conductive  power  of  the  inferior 
strata  of  the  atmosphere,  than  to  the  absolute 
tension  of  atmospheric  electricity  itself. — II.  The 
foregoing  results,  imperfect  as  they  are,  do  not 
hold  except  when  the  sky  is  clear.  The  formation 
of  clouds  originates  other  electric  phenomena,  of 
great  complicacj',  and  sometimes  of  remarkable 
splendour.  The  student  vnW  consult  Cloud, 
Thundek-storm,  Lightking.  —  III.  Certain 
imposing  meteoric  phenomena  are  likewise  due 
to  the  electric  state  of  the  atmosphere.  See 
Water-spout  and  Hail-storm — IV.  As  to 
the  origin  of  atmospheric  electricity,  a  few 
words  must  sufHce,  nor  are  these  proposed  in  con- 
fident solution  of  the  difficulties  of  this  obscure 
subject.  The  inquirj'  as  to  the  origin  of  any 
development  of  the  electric  forces  is  tantamount 
to  this: — What  changes  are  proceeding  among 
molecules  of  the  bodies  in  connection  with  which 
the  development  takes  place  ?  The  most  evident 
and  extensive  change  of  molecular  condition,  con- 
nected with  the  relations  of  the  earth  and 
atmosphere,  is  evaporation.  It  is  established  by 
decisive  experiments,  that  during  the  process  of 
the  pure  and  simple  evaporation  of  water,  at  the 
surface  of  the  earth,  no  palpable  electricity  is  dis- 
engaged ;  the  negative  electricity  of  the  foam  and 
vapour  produced  at  jets-d'eau  and  cascades  being 
referable  to  quite  another  cause :  but  there  is  a 
certain  Kievelopment  of  the  polar  forces,  during 
evaporation  from  saline  masses.  Something  of  the 
phenomena  in  question  may  also  be  attributed  to 
those  innumerable  chemical  reactions  that  occur 
within  organized  bodies ;  although  as  these  reac- 
tions take  place  in  very  different  directions,  and 
the  gases  that  escape  are  continually  touching  the 
surfaces  and  interior  parts  of  these  bodies,  it  is 
certain  that  quantities  of  developed  electricity, 
must  be  immediately  recomposed.  Only  one  other 
resource  remains,  viz.,  thermo-electricity.  It  is 
well  known  that  the  unequal  distribution  of  heat  in 
a  heterogeneous  metal  suffices  to  separate  the  elec- 
tricities ;  the  portions  which  are  most  heated  taking 
a  negative  electricit};  and  those  which  are  least 
heated,  positive  electricity.  It  is  not  improbable 
that  we  ought  to  consider  the  earth  and  atmo- 
sphere under  this  relation.  The  higher  parts  of 
the  atmosphere,  because  of  their  rapidly  diminish- 
ing heat,  ought  to  become  more  and  more  posi- 
tive, while  the  earth  should  show  an  increasing 
negative  intensity  downwards  to  its  centre.  This 
explains  the  fact  too,  of  the  greater  separation 
and  display  of  electric  forces  in  tiie  tropic  regions ; 
for  there  the  foregoing  contrasts  are  the  greatest. 
The  intensity  of  these  phenomena  naturally 
diminishes  as  we  pass  towards  the  temperate 
zones ;  and  it  may  be  that  the  polar  regions, 
where  the  aerial  gradation  of  heat  is  compara- 
tively inconsiderable,  serve  as  a  point  of  re-union 
to  the  polar  forces  disengaged  elsewhere ;  and  it 
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inaj'  be,  in  so  far,  on  fliis  account,  that  they  are 
the  theatre  of  the  brilliant  displays  linown  as  the 
Aui'ora. 

Atmospheres  of  the  Planets.  See  Appen- 
dix. 

Attraction.  Among  tiie  various  motions 
visible  in  the  material  luiiverse,  there  is  a 
large  and  important  class,  resembling,  in  every 
■vvay,  what  would  take  place  if  one  portion  of 
matter  di'ew  other  portions  towards  itself;  for 
instance,  as  with  the  magnet  and  a  piece  of  iron: 
to  this  class  of  phenomena  the-  name  or  term 
AUraction  has  been  assigned.  The  phenomena 
in  question  may  be  divided  intO'  direct  and  in- 
direct, or,  perhaps,  simjAe  anfl  composite.  The 
simpk  instances  of  attraction  in  the  universe  are 
countless.  Foremost  of  all,  we  have  the  case  of 
J'alling  bodies,  first  scientilically  treated  by  Gal- 
lileo,  which  originated  the  idea  that  the  earth,  and 
perhaps  ei^ery  poriion  of  it,  have  a  significance 
amid  surrounding  motions,  as  if  they  drew  all 
other  matter  towards  them.  This  latter  ex- 
tension of  the  phenomena  of  terrestrial  attrac- 
tion, was  completed  by  the  demonstration  by 
Maskelyne,  of  the  effect  of  the  moiuitain  Sche- 
hallien  on  the  plummit,  and  by  those  curious 
experiments  by  Cavendish  (since  repeated  by 
Mr.  Baily  and  others),  which  demonstrate 
that  balls,  of  perfectly  unmafjnetic  metal,  visibly 
attract  each  other.  To  this  same  class  must  be 
referred  direct  magnetic  attraction,  electric  at- 
traction, &c.  The  indirect  instances  of  attrac- 
tion have  the  following  characteristic.  Attraction 
is  not  seen  in  them  purely :  it  is  infen'ed  as  one  of 
the  simple  or  primal  constituents  of  a  composite 
phenomenon.'  I'or  instance,  in  case  of  a  trajectory 
or  projectile,  the  attraction-  of  the  earth  enters  as 
an  element ;  for  when  we  disengage,  from  the 
motion  of  the  projectile  the  effect  of  the  horizon- 
ifnZ  impulse  given  it,  we  find,  alike  in  its  ascent 
and  descent,  the  precise  phenomena  of  falling 
bodies.  Again,,  the  planets  do  not  fall  to  the 
sun,  as  a  stone  docs  to  the  earth ;  but  if  we  dis- 
engage from  their  curvilinear  motion  the 
effects  of  a  primal  impulse  onward,  we  also  de- 
tect as  a  residuum,  this  tendency  to  l;ill  to- 
wards the  sun,  as  if  they  were  drawn  towards 
him.  In  the  same  way  all  chemical  phenomena 
are  conceived  to  indicate  attractions  induectly; 
so  that  it  has  come  to  be  held  as  an  assumption, 
which  may  be  accounted  general  in  physical  in- 
quiries, or,  in  other  words,  a.  physical  axiom,  that 
all  matter  tends  to  attract  or  draw  towards  it  other 
matter,  unless  in  the  case  of  opposite  j^ohrilies 
(see  Polar  Forces).  Further  speculative 
views  on  this  subject  are  given  under  the  article 
Boscovicir.  There  are  two  very  distinct  and 
disparate  lines  of  thought  and  inquiry  regarding 
these  i)henomena  of  attraction.  1.  The  inves- 
tigation of  the  laws  ortheorcZer  of  those  mol.ionsto 
which  Avc  apply  the  epithet  attraction.  In  re- 
gard to  faUimi  bodies,  this  was  at  once  begun 
and  accomphsiied  by  Gallileo.    Newton  finally 
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disijosed  of  the  important  question  in  referenco 
to  that  veiled  attraction  towards  the  sun,  which 
is  indicated  by  planetary  orbit,  and  velocities: 
others  have  -HTOught,  and  are  working,  in  the 
same  field,  as  to  electric,  magnetic,  and  chemical, 
and  other  physical  attractions.  2.  It  is  quite 
otherwise  with  inquiries  as  to  the  physical  cavfc 
of  the  phenomenon  named  attraction;  of  11;; 
physical  science  can  never  know  anything. 
It  may  discern  relations  connecting  the  various 
attractions,  and  thus,  it  may  be,  ultimately  assi- 
milate them,  or  discover  some  simple  law  that 
comprehends  all  their  diversities ;  but  the  mate- 
rial world  can  never  reveal  anything  but  se- 
quences,  and  the  order  of  sequences ;  so  that  the 
inquiry  as  to  the  efficient  cause  of  such  pheno- 
mena is  beyond  reach  of  physical  inquir}'.  The 
fi'equent  misconceptions  as  to  the  physical  signi- 
ficance of  the  word  attraction,  and  the  mass  ot 
useless  speculation  thereon  built,  would  have 
been  avoided,  had  attention  been  paid  to  the 
important  truth  now  indicated ;  nor  can  we  al- 
together exempt  from  censure  thbse  speculations 
by  Laplace,  which  seemed  to  this  prince  of 
mathematicians  but  very  indifferent  metaphysi- 
cian, to  intimate  almost  an  a  priori  necessity- 
for  the  law  of  gravitation  of  Newton.  See 
Systeme  du  Monde. 

Atwood's  Machine.  Perhaps  no  questions 
in  mechanics  are  more  interesting  than  those 
concerning  the  fall  of  bodies.  They  were,  how- 
ever, for  a  long  time  the  subject  of  but  verj'  slight 
and  inefficient  experiments^  Bodies  fall  hi  so 
short  a  time  through  so  considerable  a  space,  that 
it  was  found  impossible  to  get  to  elevations  fitted 
in  other  ways  for  the  purposes  of  experiment, 
sufficient  to  let  us  ob?er\'e  them  easilj'.  Besides, 
the  resistance  of  the  air,  though  at  the  commence-t 
ment  of  a  body's  fall  very  slight,  becomes  yet 
considerable  as  its  velocitj'  uicreases.  The  ma- 
chine of  Atwood  proposes  to  reduce  the  velocity  of 
falling  bodies,  and  so  to  enable  us  to  observe  their 
laws,  by  giving  us  time  for  experimenting,  and 
by  rendering  the  resistance  of  the  air  compara- 
tively insignificant.  It  accomplishes  this  object 
thus : — A  string,  to  which  two  equal  weights  are 
attached  at  the  two  ends,  passes  over  a  pulley, 
and  remains  in  equilibrium.  A  verj'  small 
weight  (small  compared  with  cither  of  the  equal 
weights)  is  then  added  at  one  end,  and  the  string 
at  that  end  commences  to  descend.  It  is  evi- 
dent that  the  force  which  gravitj'  exerts  upon 
the  descending  equal  weight  is  exactlj-  balanced 
by  that  upon  the  ascending.  The  only  force 
acting,  therefore,  upon  the  weights  is  the  force  of 
gravity  i)ulling  the  smaller  weight  down.  This 
force  is  used  to  produce  an  equal  motion  upon 
the  three  weights  together;  and  we  have  thus, 
calling  g  the  force  of  gravity  operating  on  these 

g  u 

three  weights,  if  left  free,  a  force  =  . — , 

2  m  -j-  n 

where  m  represents  cither  of  tlic  equal,  and  n 
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;  smaller  welglit.    This  force  will  be  equal  to 


1 


1  2  m 

-  — ,  -where          may  be  made  as  large 

,  2m  u 


^ve  choose,  by  sufBclently  increasing  m  and 

linishing  n,  and  where,  consequently,  the 

(lortion  of  the  force  acting  upon  the  mass,  to 
natural  force  of  gravity  upon  it,  may  be  aa 

ill  as  we  choose.  The  velocity  will  Ije  pro- 
rtionally  small,  and  the  times  of  describing 

iisui-able  spaces  will  be  easilj'  measured  also. 

the  help  of  this  instrument  we  may  establish, 
[  erimentally,  the  following  laws: — That  the 
aces  described  by  a  body  acted  upon  by  a  con- 
mt.  force  are  proportional  to  the  squares  of  the 
lies,  and  that  the  velocities  acquired  by  the  body 
e  proportional  to  the  times.    This  last  law  will 

observed,  if,  after  finding  to  what  points  the 
dy  reaches  in  the  successive  seconds,  rings  be 
iced,  which  shall  permit  the  larger  body  to 
S3  through,  and  which  will  detain  the  smaller, 
le  motion  wiU  continue  with  the  velocity  im- 
essed  at  the  moment  of  this  change,  and  without 
urease  or  sensible  diminution.  Practically,  a 
5ck  beating  seconds  is  attached  to  the  machine, 
d  a  very  delicate  machinery  is  employed  in 
iidering  the  friction  of  the  cord  upon  the  pulleys 

slight  as  possible.  This  does  not,  however, 
terfere  in  the  least  with  the  principle  of  the  ap- 
.ratus. 

Angust.  The  eighth  month  of  our  year.  It 
IS  originally  called  Sexiilis,  or  the  sixth  month, , 
)in  the  position  that  it  held  in  the  year  of 
jmulus.  It  received  its  present  name  in  honour 
the  victories  of  the  emperor  Augustus,  8  b.c. 
Auriga.  A  northern  constellation. 
Aurora  Boreialis,  or,  rather,  the  Polar 
Li'.oRA, — that  which  appears  in  the  Ai-ctic  re- 
ons  being  named  Borealis,  while  the  Aurora 
the  southern  pole  is  the  Australis.  This 
iigular  and  most  beautiful  phenomenon  consists 
■  mellow  lights  variously  coloured,  which  dart, 
certain  seasons,  from  all  parts  of  the  horizon 
polar  countries ;  and  it  is  usually  announced 
id  accompanied  by  great  magnetic  pertm-ba- 
jns,  indicated  by  startings  of  the  needle.  In 
IT  re.gions  of  the  earth,  the  Aurora  appears 
;  first  usually  like  a  dingy  fog,  in  and  some- 
liat  above  the  northern  horizon,  and  generally 
It  her  brighter  towards  the  west.  By  and  by 
lis  dim  mass  takes  on  the  form  of  a  circular 
■gment,  resting,  at  each  end;  on  the  horizon ; 
le  higher  part  of  it  bein^  sm-rounded  by  a 
hite  light,  sometimes  resolving  itself  into  one 
r  two  distinct  luminous  arcs.  Then  begin  these 
ell-known  beams  and  shoots  of  diverse  coIoots, 
liginating,  in  the  obscure  segment,  which,  they 
reak  up  into  bright  patches,  as  if  they  threw 
le  whole  of  it  into  a  sort  of  palpitation.  When 
le  Aurora  is  extensive,  these  beams,  although 
onstantly  shifting,  converge  towards  the  zenith, 
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where  a  centre,  or  superb  auroral  crovm  is 
formed.  As  the  phcnomcnnn  dimhiislies  in  inten- 
sity, the  jets  continue,  but  the  crown  shifts,  and 
is  seen  sometimes  on  one  side  of  the  sky,  some- 
times on  tlie  other:  at  length  these  movements 
cease;  the  light  withdraws  itself  nearer  and 
nearer  to  the  western  horizon ;  tlie  obscure  seg- 
ment, as  it  too  diminishes,  becomes  luminous ; 
at  length,  every  trace  of  it  disappears.  ■  The 
most  complete  account  given  of  the  northern 
Aurora,  as  seen  in  its  own  latitudes,  is  that  by 
by  the  French  scientific  Commission,  which,  in 
l'838-."9,  spent  a  full  winter  at  B6ssekop,  in 
West  Finmark,  N.  lat.  70°.  We  shall  describe 
the  main  features  of  the  phenomenon,  on  the 
authority  of  Jil.  Lottin,  one  of  the  membys  of 
the  commission — referring  for  details  to  the  gi-eat 
work  published  at  Paris,  at  the  expense  of  Go- 
vernment. In  the  evening,  between  four  and 
eight  o'clock,  the  light  mist  which  prevails  al- 
most constantly  to  the  north  of  Bossekop,'  to  the 
height  of  about  4°  or  6°,  becomes  colovired  over 
all  its  upper  rim,  or  rather  appears  fringed  by 
the  light  of  the  Aurora  existing  behind  it.  This 
bright  border  soon  gi-ows  more  regulai-,  '  and 
merges  into  an  indistinct  arc  of  pale  yellow, 
whose  extremities  rest  upon  the  earth :  an  arc 
which  rises  gradually  up  into  the  sky,  its  key- 
stone always  nearly  coinciding  with  the  magnetic 
meridian.  Soon  afterwards  dark  streaks  sep/a- 
rate  the  luminous  matter  of  this  arc;  the:  Well- 
known  rays  are  then  fomied ;  these  stretch  out, 
and  draw  themselves  in,  now  slowly,  now  al- 
most instantaneously;  they  dart,  shiver,  and 
dance, — augmentmg  and  diminishing  suddenlyin 
splendour.  The  feet,  or  roots  of  the  rays  ■  are 
always  especially  bright,  and  continue  during 
all  the  display  to  form  a  shining  arc  more  or 
less  regular.  Their  length  is  very  various ;  but 
all  converge  towards  that  point  in  the  heavens 
indicated  by  the  prolongation  of  the  south  pdle 
of  the  free  magnetic  needle.'  At  times  they  are 
quite  prolonged^  en  masse,  to  this  point  of  union; 
forming  there  the  fragment  of  an  immense  luminous 
cupola.  The  arch  in  the  meanwhile  is  itself 
moimting  towards  the  zenith,  and  is  generally 
shivering,  as  if  with  undulatious ;  these  undula- 
tions or  waves  of  light,  passing  for  the  most  part 
from  west  to  east.  Sometimes,  although  rarely, 
retrograde  imdulations  may  succeed ;  the  waves, 
after  passing  from  one  side  of  the  heaven  to  the 
other,  retracing  their  steps,  and  flowing  bade  to 
their  point  Of  departure.  This  alternation  of  waves 
in  the- luminous  arc,  is  sometimes  sm-passingly 
grand.  At  one  time,  the  alternating  movement 
has  the  appearance' as  if  a  brilliant  curtain  were 
above  us,  its' folds  agitated  by  the  winds  ;  and, 
again,  the  edges  of  the  arc  having  separated  from 
the  actual  horizon,  their  folds  become  very  cora- 
])lex,  iriwrapping  each  other,  and  presenting  to  the 
astonished  spectator  a  variety  of  the  most  grate- 
ful curves.  The  remarliiible  appearances  now 
described,  are  presented  in  our  engraving.  The 
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livillinncy  of  the  rays  or  sliooting  sheets,  is,  dur- 
ing these  extraordinary  changes,  subject  to  sudden 
augmentations  of  intensity ;  so  that  it  comes  to 
surpass  that  of  stars  of  the  first  magnitude :  they 
dart  out  with  extreme  rapidity,  and  the  curves 
spolcen  of,  form  and  reform,  as  quicldy  as  the  twist- 
ings  of  a  serpent.  Tlien  the  rays  become  coloured ; 
the  base  red,  the  middle  green ;  while  the  rest  of 
them  presents  a  clear  yellow.   These  colours  pre- 
serve, without  exception,  their  respective  positions, 
and  are  always  of  admirable  clearness ;  the  red  is 
like  blood ;  the  green  of  a  pale  emerald.  Soon, 
however,  the  phenomenon  shows  signs  of  having 
exliausted  its  vigour.  The  splendour  diminishes, 
and  the  colours  disappear;  the  arch,  meanwhile 
reforming,  continuing  its  ascensional  progress  and 
approaching  the  zenith,  and  the  rays  which  dart 
from  it  becoming,  therefore  through  mere  effect 
of  perspective,  shorter  and  shorter.    At  length 
the  summit  of  the  arch  reaches  the  mafjnetic 
zenith— point  indicated  by  theprolongation  oi 
the/ree  magnet).  The  base  of  the  rays  is  thence- 
forward alone  seen ;  if  they  continue  coloured, 
they  seem  like  a  large  red  band,  through  which 
the  green  of  their  upper  parts  can  be  distin- 
guished, and  if  the  undulating  motion  formerly 
spoken  of,  has  not  ceased,  their  feet  continue  to 
form  a  long  sinuous  and  undulating  zone.  In 
the  interval  occupied  by  these  changes,  other  or 
secondary  arcs  appear ;  and  while  they  presei-\'e 
their  distance,  they  exhibit  a  succession  or  re- 
gular series  of  aspects,  such  as  has  been  described. 
Sometimes,  however,  they  approach  and  mmgle 
with  each  other;  so  that  it  is  easy  to  conceive  that 
the  appearances  produced  are  literally  indescrib- 
able. The  celestial  vault  becomes  an  immense  and 
magnificent  dazzling  cupola,  overhanging  aworld 
covered  with  snow,  which  again  is  environed  and 
set  within  an  ocean  black  as  pitch. — So  much 
for  the  general  phenomena  presented  by  the 
Northern  Aurora.   In  an  elaborate  memoir  pub- 
lished by  the  French  Commission,  M.  Bravais 
has  subjected  all  important  details  to  a  close 
scrutiny:  he  has  spoken  minutely  of  the  Obscure 
Segment;  of  the  Arch,  the  Rays,  andthe  Crozun; 
oi  Auroral  Sheets;  the  motion  of  Palpitation;  of 
the  inteiisiti/ a.nd  colour  of  the  Auroral  Light ;  and 
of  its  distance.  Thelatteris  represented  as  between 
60  and  120  vertical  miles— miles  upwards  from 
the  earth's  surface;  the  determination  is  very 
micertain-,  as,  indeed,  is  sufficiently  shown  by  its 
indeterminateness.    No  doubt,  however,  the  au- 
roral light  is  thick;  i.e.,  there  is  a  large  interval 
of  space  between  its  inner  and  outer  smface.  Tlie 
chief  value  of  M.  Bravais's  determinalion,  will 
be  found  in  what  we  have  now  to  say  regarding 
conjectures  as  to  the  nature  and  cause  of  the 
phenomenon.   These  are  designated  expressly  as 
conjectures.— It  is  needless  to  dwell  on  the  earlier 
theories.    That  such  men  as  Halley,  j\Iau-an, 
and  Dalton,  chose  to  put  forth  explanations 
concerning  a  phenomenon  they  had  really  never 
seen,  or  whose  phases— not  the  most  ordinary— 
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had  received  any  detcnninate  or  nnmerical^xwi;, 
only  shows  that  the  exercise  of  the  general- 
izing faculties  is  comparatively  pleasant,  and 
that  the  force  of  them,  in  most  good  minds, 
quite  overpowers  the  checlcs  which  ever  and 
anon  are  applied  by  persons  havmg  more  of  the 
observing  instmct. — M.  Biot  is  an  authority 
of  a  different  order;  he  knew  something,  al- 
though not  everything,  of  the  totality  of  the 
phenomenon ;— we  do  not  think,  however,  that 
he  made  much  of  it.    Holding  by  the  theory  of 
its  electric  origin— a  doctrine  suggested  b)'  its 
evident  connection  with  temstrial  magnetism — 
he  considers  its  elements  probably  composed  of 
metallic  particles  of  an  extreme  tenuity,  that 
serve  as  conductors  between  the  various  atmo- 
spheric beds,  which  are  kno™  to  be  very  unequally 
charged  with  electricity.    Suppose  then,  two 
similar  columns  suspended  vertically  m  the  at- 
mosphere, the  electricity  of  the  beds  of  ak  lying 
from  the  top  to  the  bottom  of  these  columns,  will 
find  these  conductors  more  or  less  perfect;  and 
if  the  tendency  of  the  electi-icity  to  get  into 
equilibrium  surpasses  the  resistance  opposed  by 
the  imperfect  conductive  powers  of  the  said 
columns,  a  long  vertical  discharge  will  follow, 
sparlding  from  one  metallic  molecule  to  another; 
variously  to  the  spectator,  because  he  looks  through 
a  thickness  of  beds,  and  so  producing  a  shifting 
auroral  phenomenon.    Is  it  possible  to  imagine 
a  grave  philosopher  more  grossly  mistaking  his 
function  than  M.  Biot  has  here  done?    We  ac- 
knowledge his  great  sen-ices;  but,  m  tliis  in- 
stance, he  is  only  playing  at  toys.    A  more 
rational  speculation  by  far,  is  that  of  M.  Kaemtz. 
He  attributes  auroral  phenomena  to  an  electrical 
induction  manifested  in  the  atmosphere,  and  pro- 
duced by  changes  in  the  magnetic  intensity  of 
e  globe.   Neither  will  this  notion,  albeit  rather 
a  favourite  one,  account  even  for  the  knowi 
facts. — It  is  utterly  vain  to  search  at  present  for 
a  theory  of  the  Aurora.  What  is  knovm  is  this,— 
the  direction  of  the  auroral  jets  or  rays  and  the 
position  of  the  crown,  have  a  connection  ydih  the 
magnetic  meridian;  and  the  aurora  produces 
great  magnetic  perturbation. — Further  lights  as 
to  this  singular  subject  may  be  found  by  the 
student  under  our  various  notices  of  Ei.ec- 
TEiciTY  and  Magnetism    As  to  theory  or 
explanation,  we  must  even  observe  and  u-aii.  t 
Autninii.    The  third  season  of  the  year ;  so  \ 
called  from  the  increase  of  the  fruits  and  plants  ( 
coming  to  full  maturity.    It  commences  on  the  | 
23d  of  September,  or  sometimes  the  22d,  the  day  I 
of  the  autumnal  equinox,  just  when  the  sun  is  | 
about  to  enter  the  constellation  Libra.    It  closes  i 
on  the  21st  or  22d  of  December,  when  the  sun  ( 
enters  Capricorn.    It  lasts,  in  all,  89  days,  lG^»j  ( 
hours.    During  its  continuance,  as  the  sun  is  i 
continually  descending  in  the  signs,  the  daj-s  i 
grow  shorter  and  shorter,  and  the  nights  lengthen.  ' 

Axe.  or  Axis.    It  is  dilVicult  now  to  define 
this  technical  term,  its  use  has  become  so  ex-  j 
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sive,  and  its  meanings  so  varied.  Perhaps 
■  following  will  be  found  to  comprehend  most 
its  legitimate  significations: — If  any  line 
Ids  a  syniuietrical  position  with  respect  to  any 
tern,  motion,  or  phenomenon,  or  if  it  be  such 
:s  relations  to  that  system,  motion,  or  pheno- 
iion,  that  it  is  convenient  to  distinguish  it 
;i  specific  name ;  that  line  is  termed  an  axe 
Lfis  of  the  said  system,  motion,  or  other  phe- 
iicnon.    "Very  many  applications  of  the  term 
justifiable  by  no  closer  definition,  will  be 
nd  throughout  this  Dictionarj'. 
Axes,  the  Priucipal.    A  term  indicating  a 
■>■  important  phenomenon  and  general  theorem 
hat  part  of  rational  mechanics  which  relates  to 
rotation  of  solid  bodies,or  rigid  systems  of  points, 
fly,  the  subject  may  be  explained  as  follows : — 
uiy  solid  body,  of  whatever  figure,  is  struck  in 
V  place  not  exactly  opposite  its  centre  of  gra- 
y,  it  will  begin  to  rotate,  as  well  as  to  move 
.vards.    It  rotates  at  first  aj-ound  an  axis, 
ed  the  axis  of  spontaneous  rotation,  and 
position  of  which  depends  on  the  kind  of 
■w  given.    But  this  axis  is  not  generally  the 
ed  one.  Unless  that  happens  to  be  a  principal 
>,  it  shifts ;  and  verj^  soon  the  body  comes  to 
ate  around  an  axis  which  it  retains,  or  which 
3  not  shift :  this  is  called  a  principal  axis. 
iw,  every  rigid  system  has  at  least  three  suck 
•es,  or  right  angles  to  each  other,  and  these 
J  called  the  three  principal  axes.    Some  bodies 
•rigid  systems  have  many  such — in  a  sphere, 
i  instance,  ever\'  diameter  is  a  principal  axis  ; 
.  t,  as  already  said,  every  rigid  system  has  at 
est  three.    The  position  of  these  axes  can  be 
rermmed  in  every  case  by  analytical  processes, 
hthont  much  either  of  skill  or  trouble.  The 
incipalaxes  at  one  time  played  a  considerable 
•  rt  in  mechanical  theory,  and  they  are  still  of 
-isiderable  importance.    They  enjoy  one  pro- 
■'•ty,  w-hich,  as  it  is  often  refeiTed  to,  may  not 
Irfitly  be  explained  in  this  place.    There  is  a 
lijhnical  phrase  connected  with  rotatoiy  motion, 
n  name  moment  of  inertia.    The  meaning  of  it 
'  II  be  imderstood  from  what  follows.  Suppose 
-  solid  body,  or  a  rigid  system,  in  the  act  of 
•atmg  about  an  axis,  with  a  definite  angidar 
ocity ;  and  while  it  so  rotates,  let  us  fancy  a 
rticle,  m,  at  rest  suddenly  attached  to  it,  at  a 
tance  of    from  the  axis.    It  is  evident  that 
(  angular  velocity  will  now  be  diminished, 
:ause  the  body  has  got  the  new  particle  m  to 
ig  along  with  it.    Now,  it  is  diminished  to 
ifollowmg  extent:— The  angular  velocity  in 
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!  first  mstance  is  expressed  by  a  formula  in 
tctwnal  form,  and  to  find  the  new  angular 
locity  we  require  to  add  the  quantity  m  X  r2  to 
'  denominator  of  that  fraction.  The  quantity 
r- 13  called  therefore  the  moment,  or  the  effective 
lount  of  the  inertia  of  the  added  particle— the 
iasure  of  the  force  with  which  it  has  dragged 
ck  the  system  to  which  it  had  become  attached, 
ich  bemg  the  measure  of  the  moment  of  mertia 


of  a  single  particle,  it  is  easy  enongh,  by  analy- 
tical methods,  to  determine  the  moment  of  inertia 
of  any  number  of  particles,  or  of  any  body  or 
rigid  system,  with  respect  to  any  axis  around 
which  rotation  takes  place.  Now,  thz  principal 
axes  enjoy  this  property, — witli  regard  to  one  of 
tliem,  the  moment  of  inertia  of  the  rotatory 
mass  is  greater  than  with  regard  to  any  other 
axis  passing  through  the  pomt  at  which  they  in- 
tersect ;  and  with  regard  to  another  of  them,  the 
same  moment  of  inertia  is  less  than  with  regard 
to  any  other  axis.  In  other  words,  we  have  the 
condition  at  once  of  a  maximum  and  a  minimum 
value  of  the  moments  of  inertia.  The  geometer 
who  first  very  clearly  investigated  this  curious 
subject  was  Euler. 

Axiom.  Logic,  dedicctive  or  inductive,  has 
no  power  save  this, — it  can  elicit  new  matter  out 
of  premises,  or  combine  and  generalize  separate 
facts  or  determmations.  A  deductive  science, 
then,  must  accept  or  presuppose  all  those  pre- 
mises, out  of  which,  whether  by  analyzing  then- 
contents,  or  by  combining  them  variously,  its 
whole  possible  fabric  must  be  reared ;  and  an 
inductive  science  must  equally  accept,  as  its 
foundation,  certain  general  tniths  or  laws,  and 
certain  general  principles  or  laws  of  combination, 
on  the  groimd  of  which,  and  by  means  of  which, 
its  further  discoveries  are  to  be  interpreted  and 
co-ordinated.  Those  fundamental  elements  or 
acceptances  are  Axioms.  The  more  general  the 
science  is,  the  more  general  are  its  axioms  ;  but 
every  special  science,  logically  considered,  must 
have  its  spiecial  axioms.  The  som-ces  of  axioms, 
or  the  roots  from  which  they  spread,  are  three- 
fold. 1st.  There  are  laws  of  the  mind,  in  obe- 
dience to  which  alone  the  logical  faculty  can 
contemplate  either  the  external  world  or  the 
mmd  itself.  The  laws  which  have  regai'd  to  the 
latter  are  often  in  metaphysical  language  termed 
intuitions ;  but  the  word  is  faulty,  for  the  laws 
in  question  are  veiy  various.  The  laws  under 
which  we  contemplate  the  external  universe,  on 
the  other  hand,  are,  although  various,  not  very- 
complex;  they  are  included  under  what  Kant 
has  termed  the  laws  of  our  sensibility,  and  the 
categories  of  the  understanding.  2d.  Propositions 
that  result  from  universal  experience  in  the  ele- 
mentary physical  sciences,  such  as  the  sciences 
of  motion  anA  force,  must  be  accepted  by  them  as 
axioms.  But  the  certamty  of  this  latter  class 
of  axioms  is  less  than  that'of  the  fonner.  Tlie 
laws  of  the  observing  faculties  are  necessarily 
universal ;  but  the  results,  or  so-called  results, 
of  universal  observation,  must,  at  the  best,  rest 
on  but  secondaiy  evidence.  3d.  Arranging  the 
sciences  according  to  a  hierarchy,  or  in  order  of 
their  complexity,  the  elements  or  axioms  of  the 
higher  class  must  always  rest  upon  the  de- 
monstrations of  the  lower.  This  third  class  of 
axioms,  accordmgly,  has  only  a  thu'd  or  still  in- 
ferior degree  of  certainty.  For  practical  illus- 
trations of  the  doctrines  here  expressed,  compare 
63 


AZI 


EAL 


Geometry;  Motion,  Laws  of;  Parallel 
Lines. 

Azimulh.  The  azimuth  of  a  hoAy  is  an  arc 
measured  on  the  horizon,  intercepted  between  the 
meridian  or  circle  through  the  zenith  of  the  place 
and  the  poles,  and  a  circle  through  the  zenith, 
the  nadir,  and  the  given  body.  The  altitude  of  tho 


body  is  measured  along  this  circle,  upwards,  from 
the  nearest  point  where  it  meets  the  horizon.  It 
is  evident,  that  when  we  have  given  the  altitude 
and  azimuth  of  a  star  at  any  given  moment,  wc 
shall  be  able  to  point  out  its  exact  position  in  tho 
sky. 

Azimuth  Compass.    See  Compass. 
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Balance.  The  balance  is  employed  as  a 
measure  of  the  quantities  of  matter  contained  in 
substances.  If  all  bodies  were  constituted  simi- 
larly— if  their  density  were  the  same,  and  their 
constituent  atoms  alike  in  nature  as  well  as  shape 
— fre  should  have  a  sufficient  measure  of  the 
quantity  of  matter  which  a  body  contains  in  the 
volume  which  it  fills.  Bodies  are  not,  however, 
thus  similarly  constituted,  and,  when  we  wish  to 
compare  their  masses,  we  require  to  look  for 
another  standard.  We  find  this  in  the  principle 
that  equal  forces,  or  the  same  force,  will  produce 
effects  upon  bodies  proportional  to  their  mass. 
Thus,  if  two  equal  bodies  (equal  in  mass)  be 
solicited  by  equal  forces,  their  motions  will  be,  in 
every  respect,  similar.  If  two  equal  bodies,  under 
the  action  of  certain  forces,  have  acquired,  at  the 
end  of  any  given  time,  the  one  a  velocity  sufK- 
cient  to  carry  it  through  10  feet  in  the  next 
second,  and  the  other  a  velocity  capable  of  carry- 
ing it  through  20  feet  in  the  same  time,  the  last 
force  is  double  of  the  first.  If,  again,  the  body 
in  the  first  place  have  been  three  times  in  mass 
that  in  the  second  case,  the  latter  force  will  be 
only  of  the  former.  In  the  case  of  the  balance 
we  have  equal  forces  acting  upon  equal  masses. 
The  two  motions  which  would  result  are,  as  it 
were,  however,  set  over  one  against  the  other, 
and  there  is  obtained,  therefore,  no  motion.  The 
two  bodies  to  be  compared  are  set,  the  one 
at  the  one  end,  the  other  at  the  other  end  of  a 
bar,  which  rests  at  its  point  of  bisection  upon 
supports.  The  principle  of  the  lever  teaches  us, 
that,  if  the  bar  be  truly  bisected,  it  wLU  turn, 
\ipon  its  supports,  in  a  vertical  plane  to  the  side 
of  the  greater  weight.  We  see  the  same  prin- 
ciple illustrated  eveiy  day,  by  children  riding  on 
logs  of  wood,  for  example,  where,  if  the  anns  of 
the  log,  from  the  point  of  support  upon  which  it 
turns  to  the  place  where  each  boy  sits,  be  equal, 
it  immediately  inclines  towards  the  heaviest.  The 
least  inclination,  therefore,  of  the  bar  from  the 
true  horizontal,  indicates  to  us  the  inequalitj', 
either  of  our  masses,  or  of  our  lever  amis.  If  we 
are  confident  of  the  perfect  equality  of  the  latter, 
we  may  be  certain  that  the  fonner  are  unequal. 

This  is  the  general  principle  of  the  common 
balance.  As,  however,  perhaps  no  instrument  is 
more  important  in  physical  investigations,  we 
will  make  a  few  remarks  u]}on  the  methods  which 
liave  been  employed  to  secure  a  perfect  balance. 


There  is  one  method  employed  to  secure  a  true 
result,  from  even  an  imperfect  balance,  which  is 
very  ingenious  and  very  useful.  We  refer  to  the 
method  of  double  weighing.  It  is  almost  impos- 
sible to  make  the  arms  of  a  balance  exactly  the 
same  in  length  and  thickness.  There  is  always 
some  little  diflference,  which,  in  extreme  cases, 
might  come  to  cause  errors  perfectly  sensible  were 
it  not  for  this  method.  Even  the  influence  of 
temperature  upon  a  body  like  the  bar  of  iron 
usually  employed  for  the  beam,  necessarily  not 
quitehomugeneous  throughout,  causes  considerable 
deviations.  The  method  of  double  weighing  is 
as  follows : — We  first  bring  the  given  body  to 
icxact  equilibiium,  by  weights  placed  in  the  op- 
posite scale.  Then  take  it  out  of  the  scale  ;  and 
restore  the  equilibrium  thus  disturbed  by  placin? 
shot,  or  some  weights,  the  exact  amount  of  which 
3'ou  know,  in  the  scale,  instead  of  the  original 
body.  The  weight  of  this  quantity  of  shot  wiU 
be  the  true  weight  of  the  \)oAy.  It  is  easj-  to  see 
how  this  method  of  measurement  gets  rid  of  all 
such  causes  of  distinbance  as  inequaUty  of  the 
arms.  We  have  simply  two  bodies  successively 
placed  in  the  same  circumstances,  and  producing 
successively  the  same  effect  upon  a  third  bodj-, 
which  has  remained  tlu-oughout  the  process  in 
the  same  circumstances.  As  this  effect  depends 
(being  the  action  of  the  fo^-ce  of  gravity  upon  the 
bodies)  upon  the  mass  of  the  bodies,  we  must 
conclude  their  masses  to  be  exactly  equal. 

The  two  conditions  which  it  is  most  important 
that  a  balance  should  fulfil  are  sensiUiity  and 
stability.    The  former  requires  that  a  very  small 
difierence  of  weight  shall  cause  a  deviation  from 
the  horizontal  line.     Thus,  Eamsden  made  a 
balance  for  the  Royal  Society,  so  sensible,  tliat 
one-millionth  part  of  a  pound  was  capable  ol 
turning  it.  Balances  are  now  quite  commonly  con- 
structed capable  of  detecting  diflereuces  in  weigl'.l 
of  a  thousandth  of  a  gi'ain,  or  one  seven-milliontli 
of  a  pound.   The  latter  requires  that  the  balance. . 
when  disturbed,  shall  rapidlj-^  return  to  rest.  Wc 
may  see  nt  once  that  there  is  something  of  op- 1 
posite  in  these  two  conditions ;  the  latter  bcinp  I 
such  that,  when  it  obtains,  it  may  destroy  a  de  I 
viation  from  the  horizontal  before  it  has  bcccin  i 
noticeable — that  is,  such  that,  even  with  a  smal 
inequality  of  weight,  the  balance  may  apparently 
be  in  perfect  equilibrium.    In  fact,  they  may  bf 
shown  theoretically,  not  indeed  to  be  quite  in-; 
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npatible,  but  to  be  so  to  a  considerable  extent. 
'  the  mercantile  balance,  stability,  therefore, 
Ang  there  important  for  the  economy  of  time,  is 
le  quality  chiefly  desiderated.  In  the  philo- 
iphical  balance,  again,  where  economy  of  time 
of  much  less  importance  than  perfect  accuracj', 
iisihility  is  principally  sought.  The  condition 
t  stability  is  the  following : — That  the  centre  of 
l  avity  of  the  beam  and  scales  should  be  beloto 
!0  point  of  suspension.  The  stability  is  gi'cater 
0  farther  the  centre  of  gravity  is  below  the 
int  of  suspension.  In  that  case  it  will  be  clear 
it  any  disturbance  of  the  balance,  while  it  does 
love  its  centre  of  gravity,  wiU  move  it  through 
less  angular  space,  when  we  take  the  point  of 
ispension  as  the  centre  of  angles,  and  that,  in 
lusequence,  the  vibrations  will  more  speedily 
=ase.  It  is  more  important,  however,  for  us  to 
now  the  conditions  of  the  sensibility  of  the 
alance.  One  evident  condition  will  be,  that 
lere  be  as  little  friction  about  the  points  of  sup- 
ort  as  possible.  Could  it  be  that  there  should 
'  no  friction,  the  very  smallest  ditference  of 
ight  would  move  the  balance  from  its  place ; 
.  )r  nothing,  in  that  case,  would  oppose  the  ten- 
rency  of  the  preponderating  weight,  until  the 
\eviation  of  the  centre  of  gravitj'  of  the  instru- 
;)ent  from  the  vertical  position,  under  the  point 
f  suspension,  became  great  enough  that  its  ten- 
dency to  its  original  position  under  this  point 
aonld  come  into  play.  In  consequence,  the  beam 
sssts  upon  what  is  called  a  knife-edge,  supported 
ipon  highly  polished  agate  planes.  Similarly, 
■le  little  ruig,  by  which  we  suspend  the  weights 
1  Jdd  scales,  should  have  an  inner  surface  of  agate 
date,  or,  at  aU  events,  of  highly  polished  steel ; 
ad  the  lower  edge  of  the  hole  through  which  the 
ciDg  passes  should  be  a  kuife-edge.  In  order  to 
>iisure  the  highly  polished  steel  of  these  kuife- 
jges  from  losing  its  shai-pness  too  speedilj',  the 
earn  is  lifted  up  by  a  sort  of  fork,  from  the 
:rdinary  point  of  support,  when  the  balance  is 
•ot  in  use;  this  being  screwed  up,  by  a  screw 
t  the  bottom  of  the  balance,  so  as  to  catch  its 
rms  on  either  side.  To  prevent,  further,  the 
:cumulation  of  dust,  or  the  gathering  of  moisture, 
pon  the  balance,  and  the  consequent  rusting  and 
icrease  of  weight  of  parts  of  it,  it  is  usually  kept 
I  a  glass  case,  within  which  a  salt,  such  as 
iloride  of  calcium,  which  absorbs  moisture 
Tongly,  is  contained.  It  is  important  further  to 
otice  that,  as  steel  and  iron  are  very  apt  to  ac- 
aire  magnetic  properties,  especially  if  kept  where 
lagnets  are  kept,  as  in  philosophical  instrument 
)oms,  frequently,  the  balance  should  be  con- 
nicted,  as  much  as  possible,  of  brass. 
There  are  some  points  to  be  attended  to  in  the 
Ian  of  construction  of  our  balances,  besides  these 
icre  mechanical  details,  which  it  is  important  to 
olice.  Thus, 
1.  All  other  things  remaining  equal,  the  sen- 
bdity  of  a  balance  wUl  be  increased  as  the 
:ngth  of  its  arms  increases.    The  reason  for  this 


will  readily  be  seen.  The  preponderating  force, 
when  there  is  one,  acts  witli  a  longer  leverage. 
(See  Levish).  It  is  farther  from  the  point  of 
support,  and  although,  therefore,  itself  less,  it 
may  produce  an  equal  effect  with  a  greater  force 
acting  with  shorter  leverage. 

2.  If  we  add  to  the  weight  of  the  beam  we 
diminish  the  sensibility  of  the  balance.  The 
reason  for  this,  also,  will  be  readily  apparent. 
The  weight  of  the  beam  presses  downwards  upon 
the  point  of  support.  Now,  the  heavier  this 
pressure  is,  the  greater  will  the  friction  on  that 
point  be  (see  Friction),  and  that  in  the  exact 
proportion  of  the  pressure.  According  to  this 
same  principle,  it  is  worthy  of  notice  that  the 
sensibility  will  mcrease  accoi  ding  as  the  loads  in 
the  scales  diminish.  The  two  loads  act  together 
at  the  middle  of  the  beam,  and  produce  also  a 
pressure  of  the  knife-edge  upon  the  agate  plane. 
The  greater  this  pressure  is,  the  greater  will  be 
the  force  of  friction  which  must  be  overcome 
before  a  slight  difference  in  weight  will  produce 
a  deviation  from  the  horizontal  position  of  the 
beam.  In  ordiuarj'  philosophical  balances,  how- 
ever, we  have  not  often  need  to  consider  this 
latter  application  of  the  principle.  The  w^eight? 
tested  are  usually  veiy  slight,  and  bear,  in  con- 
sequence, a  very  small  proportion  to  the  weight 
of  the  beam  and  scales,  so  that  the  frictional 
force  is  increased  by  them  in  an  indefinitely  small 
ratio.  If,  however,  we  measure  considerable 
weights,  it  is  necessary  to  keep  this  in  mind 
when  we  decide  on  the  sensibility  of  the  balance. 

3.  A  third  law  is,  that  the  sensibility  is  in- 
creased by  diminishing  the  distance  of  the  centre 
of  gravity  of  the  beam  from  the  point  of  suspen- 
sion. Wfe  saw  already  how  this  diminished  the 
stability  of  the  balance,  and  it  wOl  be  clear  that, 
so  far  as  this  goes,  the  stability  of  the  balance 
will  be  exactly  in  the  inverse  proportion  of  its 
sensibility.  The  same  principle  will  require  the 
centre  of  suspension  to  be  very  near  the  point 
which  bisects  the  line  joining  the  points  at  which 
the  scales  are  suspended.  It  is  at  this  point  that 
the  weight  of  the  scales  and  the  load  acts,  when 
the  beam  is  truly  bisected  by  the  point  of  sus- 
pension, and  this  pomt  ought  to  be  near  the  centre 
of  suspension,  for  the  same  reasons  as  the  centre 
of  gravity  of  the  beam.  The  coincidence  of  either 
of  these  points  with  the  point  of  suspension  would 
tend  to  produce  unstable  equilibrium. 

A  needle  is  usually  attached  to  the  centre  of 
the  beam,  so  as  to  be  exactly  perpendicular  to  the 
line  of  the  points  of  suspension ;  when  this  hangs 
in  a  vertical  direction,  the  balance  is  in  its  true 
position  of  equilibrium.  There  is  frequently  a 
graduated  scale  attached,  by  which  we  may  read 
off  the  angle  of  deflection.  We  are  tlius  enabled, 
also,  to  tell  when  equilibrium  wiU  be  restored, 
before  it  has  taken  place,  by  the  equality  of  two 
successive  deviations  of  the  needle  from  the  ver- 
tical. 

In  order,  further,  to  give  us  a  power  over  the 
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sensibility  or  stability  of  the  balance,  according 
as  we  require  it  for  diftxjrcnt  purposes,  a  small 
nut  is  attaclied  to  a  screw  at  tlie  top  of  the  beam, 
which  we  can  scre^v  down — so  lowering  the  centre 
of  gravity  of  the  beam  — or  screw  up — so  raising 
it — so  as  to  have  the  distance  of  the  point  of  sus- 
pension from  the  centre  of  gravity  of  the  beam, 
imder  certain  limits,  what  we  desire  it  to  be.  It 
is  evident  that  the  possession  of  such  a  power  is 
a  desideratum,  when  a  balance  may  be  required 
either  for  very  delicate  philosophical  investiga- 
tions, or  for  more  ordinaiy  purposes. 

We  subjoui  a  figure  of  the  ordinary  balance. 


Bent  Lever  Balance  depends  upon  nearly  the 
Fame  lever  princijile  as  the  common  steel  yard. 
It  is  an  elegant  instrument,  but  this  we  believe 
to  be  the  best  that  can  be  said  of  it.  It  consists 
of  a  bent  lever,  fastened  at  the  centre  on  a  pivot, 
having  at  one  end  a  scale  suspended,  while  at  the 
other  the  lever  ends  in  an  index  needle,  just 
before  which  is  a  heavy  weight.  This  weight 
keeps  the  lever  ncai-ly  vertical  when  there  is  no 
weight  in  the  scale.  There  is  a  gi-aduated  scale 
annexed  to  the  balance,  along  which  the  needle 
runs  when  the  lever  moves.  When  a  weight  is 
put  into  the  scale,  the  tendency  is  to  raise  the 
lever  nearer  to  a  horizontal  position — and  the 
needle  indicates  the  extent  of  this.  We  can  easily 
comprehend  then,  how  the  instnmient  can  be 
graduated  just  as  the  common  steel  yard  is.  It 
has  not  its  defect,  that  the  standard  weight  em- 
ployed may  be  lost,  and  not  easily  recovered. 
The  weight  here  is  part  of  the  lever  ami  itself. 

Ilydroslaiic  Balance.— instnunent  de- 
pends upon  the  hydrostatical  principle,  that 
bodies  immersed  in  a  fluid  are  subject  to  a  force, 
resisting  gravity,  and  equal  in  amount  to  the 
gravitation  of  quantities  of  the  fluid  contained 
imder  volumes  equal  to  those  of  the  bodies.  In 
consequence,  they  lose  just  so  much  of  their 
weight  when  they  are  weighed  while  in  the  fluid, 
as  the  weight  of  an  equal  volume  of  the  thiid 
itf-clf  amounts  to  (Hydrostatics).  Taking 
advantage  of  this  principle,  the  hydrostatic 
balance  is  chiefly  employed  for  the  measurement 
of  specific  weights,  or  specific  gravities  of  solids 


and  liquids,  and  of  densities  where  the  body 
weighed  is  homogeneouS.     It  consists,  in  in 
simplest  form,  of  an  ordinary  balance,  to  the 
bottom  of  one  of  the  pans  of  which  a  liook  is 
permanently  attached — so  as  not  however  to  dis- 
turb the  equilibrium — the  pan  itself  being  ligl.'n  r 
than  the  other  by  the  weight  of  the  hook.  A 
given  body  is  then — if  it  be  a  solid — weiglied  as 
usual,  and  its  exact  weight  recorded.   A  tine  silk 
thread  is  then  attached  to  the  hook  at  the  bottom 
of  the  pan,  and  if  great  accuracy  be  required,  the 
weight  of  this,  if  at  all  sensible,  will  be  also  noted 
down,  and  used  to  correct  the  result.    The  body 
is  then  attaclied  to  the  thread,  and  dropjied  into 
the  fluid.    If  the  weights  which  formerly  pro- 
duced equilibrium  have  been  retained  in  the  scale, 
they  will  now  draw  the  body  until  its  lower  edge 
just  touches  the  water — where  the  force  of  co- 
hesion of  the  body  to  the  water  may  or  may 
not  hold  it,  as  the  case  may  be.    If,  however, 
this  eflect  is  to  be  prevented,  we  must  take 
M'cights  from  this  other  scale,  so  as  to  keep  tlie 
body  wholly  in  the  water.    Note  the  amount  of 
weights  nccessaiy  for  this.   Then  as  we  have  had 
first  the  weight  of  the  bodj' — then  the  same 
weight  dimuiished  by  that  of  an  equal  bulk  of 
water,  the  difference  bettveen  the  former  amomit 
in  the  scales,  and  the  new  amount  will  give 
the  weight  of  an  equal  bulk  of  Avater — that  is,  it 
is  equai  to  the  weight  of  those  shot  or  ounces,  or 
whatever  it  may  have  been,  which  we  took  from 
the  other  scale.    We  obtain  thus  the  weights  of 
equal  bulks  of  water  and  of  the  given  body,  and 
dividing  the  latter  by  the  former  we  have  the 
specific  gravity'  required. 
'  Theoretically  we  would  require  to  take  intO' 
account  in  balancing,  that  om-  weights,  and  the 
things  weighed  may  displace  diflerent  quantities 
of  air,  and  so,  in  this  case  we  would  require  to 
remember  that  the  weight  that  we  obtain  in  the' 
two  cases  is  that  of  a  body  weighed  successively 
in  air  and  in  water.    We  must  remember,  how 
ever,  also  that  ourweiglits  themselves  are  weigh- 
in  air,  and  even  were  the  whole  weight  of  a  volume 
of  air  equal  to  that  of  the  bodies  we  operate  with, 
to  be  neglected,  very  little  error  would  result 
The  bodies  we  operate  with  in  obtaining  specific 
gravities  are  very  small;  and  it  takes  abo«' 
21,400  cubic  inches  of  air  at  ordinarj-  tempera^ 
tures  to  weigh  a  pound. 

When  we  >vish  to  find  the  specific  gravities 
fluids,  one  nietliod  wiU  be  to  weigh  equal  weights 
of  the  same  substance  in  air  and  in  water,  and 
the  given  fluid,  successively  taking  the  one  t& 
weigh  in  Avater,  and  the  otlier  in  the  fluid. 

In  that  case  we  should  have  the  weights  0 
equal  bulks  of  water  and  of  the  fluid  to  compare||' 
and  we  shall  obtain  the  same  result  as  before. 

In  using  this  balance  it  is  uecessarA-  to  see  tha 
the  solids  used  be  not  soluble  ui  the  very  least 
degree  in  any  of  the  liquids  used.    If  they  be 
soluble  in  wafer,  for  instance,  we  must  em- 
ploy other  liquids  in  which  they  are  insoluble, 
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il  whose  weight,  as  compared  with  that  of 

i;er,  is  siilliciently  known.  No  solid  should 
J  cmploj-ed  which  has  loose  particles  adhering  to 
.  for  the  least  motion  in  any  liquid  will  rub  them 

',  and  thus  make  the  bodies  actually  weighed  in 
air  and  the  fluid  m  reality  two  difl'erent  bodies. 

e  annex  an  engraving  of  the  instrument. 


Spring  Balance. — This  instrument  is  sometimes 
i  re  convenient  than  the  ordinary  balance.  It 
m  be  put  in  one  piece,  and  is,  therefore,  more 
/rtable.  It  consists  of  a  metal  spring,  which  is 
ongated  by  weights  suspended  at  one  end  of  it, 

•  shortened  by  weights  pressing  on  the  other, 
lie  measure  of  lengthening  or  shortening  is  taken 
-  determining  the  weights  in  question.  In  order 
I  gi'aduate  the  scale  for  the  determination  of 

ights,  one  ounce,  two  ounces,  three  ounces,  &c., 
I'  respectively  employed,  and  the  elongation 

•  shortening  of  the  spring  carefully  marked, 
heights  which  produce  the  same  amount  of 
ongation  or  shortening  are  considered  to  he 
:ted  on  by  the  same  gravitating  force.  A  com.- 
lon  instance  of  the  spring  balance  is  found  in 

letter- v.'eigher.    Tlie  instrument  is  also  fre- 
intly  employed  by  gi-ocers.  It  is  subject,  how- 
.  er,  to  one  great  disadvantage.    It  loses  its 
ivrer  m  heat,  and  its  elasticity  increases  in  cold. 
"  w  if,  on  each  occasion  of  employing  it,  we  used 
ill  the  standard  weights  and  the  body  to  be 
ighed  at  the  time,  and  infeiTed  the  weight  of 
M  body  from  the  effect  produced  by  it,  being  equal 
1  that  produced  by  a  given  standard  weight, 
iis  effect  would  correct  itself  as  it  does  in  the 
(linary  balance;  for,  though  we  could  not  tell 
osolute  weights,  we  could  compare  as  usual. 
;hi3  method,  however,  has  been  abandoned,  and 
e  graduate  a  scale  according  to  the  elongations 
<■  shortenings  produced  by  standard  weights,  at 
ie  time  and  at  standard  temperatures.    In  fact, 
e  nieasnre  the  effect  produced  on  the  spiing  by 
;rtain  weights,  once  for  all,  and  therefore  at  a 
xed  temperature,  and  with  definite  elastic  forces 
I  the  spring.   In  heat,  therefore,  a  body,  having 
■SB  elastic  force  in  the  spring  to  overcome,  will 
ash  it  farther  do-im  on  the  scale  than  it  would 
t  standard  temperatures,  and  will  so  appear 
eavier  than  it  ought.    The  reverse  effect  will 
otain,  in  excess  of  cold. 
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There  is  yet  this  other  defect  to  which  spring 
balances  are  hable — that,  after  much  use,  tlie 
sjiring  comes  to  lose  its  power,  and  tlie  same 
effect  is  produced  as  in  tlie  case  of  unusual  heat. 
Practically,  also,  it  is  usual  for  the  spring  to 
be  concealed,  in  order  to  keep  it  I'rom  injuiy  or 
dust.  In  consequence,  it  is  not  uncommon  thai 
the  balance  ;^hould  be  put  all  wrong  for 
daj's,  bj'  some  dust  gathered  inside,  and 
the  eiTor  not  be  detected. 

These  defects  preclude  ns  from  con- 
sidering the  spring  balance  generally, 
as  much  more  than  a  convenient  in- 
stniment.     One  advantage,  however, 
which  it  has  over  the  common  balance, 
gives  it  an  importance  in  a  philo- 
sophical point  of  view.    With  the  com- 
mon balance,  it  is  not  a  matter  of  any 
importance  whether  the  actual  force  of 
gi'a\'ity  vary  or  continue  constant  at 
the  places  where  it  is  used.    For  the 
extent  of  the  balance  itself,  at  any 
given  time,  gravity  is  always  the  same ;  but  it  is 
not  the  same,  for  example,  at  the  equator  and  at 
Glasgow.    The  common  balance  compares  the 
mass  of  a  given  body  with  that  of  a  lb.,  for 
example,  and  decides  it  to  be  the  same,  because 
gravity,  at  the  place,  produces  the  same  effect 
upon  it.    Eemove  the  balance  from  Glasgow  to 
the  equator,  and  we  have  the  same  result.  The 
common  balance,  therefore,  assuming  the  forces 
acting  at  the  two  extremities  of  the  beam  to  be 
equal,  compares  the  masses  rather  than  the  forces. 
The  s-pring  balance  measures  the  forces  directly. 
A  body,  such  as  a  lb.,  wLU  not  produce  the  same 
elongation  of  a  spring  at  Glasgow  and  at  the 
equator,  under  the  same  temperature.    In  the 
case  of  the  common  balance,  we  have  the  different 
forces  of  gi-avity  acting ;  but  in  both  cases  they 
eliminate  themselves,  as  it  were.    At  Glasgow, 
the  gravitation  pulling  at  the  one  end  of  the  beam 
neutralizes  the  same  Glasgow  gravitation  at  the 
other  end ;  so,  also,  at  the  equator,  gi-avitation  in 
each  case  is  considered  twice.     In  the  spring 
balance,  on  the  other  hand,  it  is  considered  only 
once,  and  a  greater  gravitating  force,  just  like  any 
other  greater  force,  produces  a  greater  movement 
of  the  spring.   Hence  the  spring  balance  is  usel  iil 
in  determining  for  us  the  value  of  the  gravitating 
force  at  various  localities.    This  gi'avitating  force 
varies,  since  the  earth  is  not  spherical,  and  the 
mass  of  the  earth  concentrated  at  its  centre  of 
gravity  is  not  equidistant  from  bodies  at  the  sur- 
face. The  spring  balance  becomes  thus  a  measure 
of  this  ellipticity.   The  ordinarj'  pendulum,  how- 
ever, also  dejiending  for  its  movements  on  the 
amount  of  gi-avitating  force,  measures  it  better. 
See  FiGuiiE  of  EAnrn  and  Pendulum. 

Sleel  Yard. — The  steel  yard,  or  Roman  lalance, 
is  another  instroment  also  iised  frequently  for 
convenience.  It  consists  of  an  ordinary  beam  of 
iron  supported  on  a  pivot  dividing  it  unequall}\ 
At  the  shorter  end  is  a  scale,  in  which  the  body 
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to  be  weiglied  is  placed.  Put  there  first  a  lb. 
weight,  and  talcc  the  same  weight,  for  instance, 
and  shift  it  along  the  longer  arm  until  equilibrium 
results.  Then  put  two  pounds  weight  in  the 
scales,  and  sliift  the  wciglit  out  along  the  arm 
initil  equilibrium  result  again,  and  so  on.  Mark 
the  points  where  your  weight  equilibrates  the 
various  standards  put  successively  in  tlie  scales. 
Whenever  we  have  to  weigh  a  body  then,  we 
shall  just  siiift  this  lb.  weight  along  the  line  of 
the  longer  beam  until  equilibrium  is  produced, 
and  then  read  off  the  scale,  at  the  point  where  it 
is  suspended. 

The  principle  of  the  steel  yard  is  just  that  of 
the  common  lever  (see  Lever),  that  the  weights, 
in  order  to  produce  equilibrium,  must  be  exactly 
in  the  inverse  ratio  of  the  arms.  It  is  not  at  all 
necessary  that  the  weight  which  we  employ 
should  be  any  standard  weight,  such  as  1  oz.  or 
1  lb  ,  but  it  is  necessary  that  we  should  always 
use  the  same  weight  for  weighing  with,  which 
was  employed  when  the  bar  was  graduated  off. 
If  we  lose  it,  our  instrument  can  be  of  no  more 
use  to  us,  until  by  trial  we  recover  it.  For  con- 
venience of  recovery  it  is  better  that  it  should  be 
some  standard,  easily  replaced  if  lost,  and  the 
selecting  of  that  standard  is  just  made  according 
as  the  weights  to  be  usually  measm-ed  are  heavier 
or  lighter. 

The  steel  yard  is  an  instrument  not  susceptible 
of  very  great  accuracy.  Its  only  advantage  is, 
that  it  enables  us  to  employ  any  one  weight 
in  all  our  measurements.  It  is  not  employed 
in  philosophical  experiments  to  any  extent. 
We  annex  an  engi'aving  of  the  common  steel 
yard. 


Torsion  Balance. — An  instrmnent  by  means  of 
which  Ave  may  measure  very  small  attractive  or 
■  repulsive  forces.  It  was  first  employed  by  the 
inventor,  Coulomb,  in  his  electrical  experiments. 
A  very  fine  thread  is  suspended  from  a  fixed 
point.  A  weight  is  added  at  the  end  of  it  to 
steady  it,  and  prevent  vertical  motion  as  much  as 
possible.  A  needle  is  then  fastened  to  the  thread 
between  the  top  and  the  weight,  of  such  length 
as  just  to  Ibllow,  when  it  revolves,  a  graduated 
scale  of  degrees  annexed  to  the  instrument.  When 
we  wish  then  to  measure  the  smallest  forces,  we 
make  them  act  at  the  extremity  of  this  needle, 
which  is  deflected  by  them  from  its  original  posi- 
tion, proportionally  to  the  forces.  In  fact  the 
only  force  which  prevents  the  needle  from  moving 
quite  freely,  all  round  the  circle,  is  the  recoil  of 
the  thread'from  the  thrust  which  this  would  give 
it.  This  is  called  the  force  of  torsion  (see  Tor- 
sion), and  as  we  can  calculate  its  amount  in  the 


of  which  we 
See  also  Cata- 
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case  of  each  particular  thread,  for  a  certain 
flection,  we  can  tell  tin  amount  of  tlie  attractive! 
or  repulsive  forces.  The 
needle  comes  to  rest  just 
wlien  tliese  forces  and 
tliat  of  torsion  are  equal. 
"We  annex  an  engraving 
of  Conlomb's  torsion  ba- 
lance. 

Balancing  Wbecl. 

See  Water  Wheels. 

ISalUsia.  The  name 
of  an  ancient  warlike 
engine,  adapted  to  throw 
stones,  sometimes  as 
heavy  as  tliree  hundred- 
weight, against  the  walls 
of  a  besieged  city.  It 
was  nearly  square-shaped. 
It  was  capable  sometimes 
of  throwing  stones  a  dis- 
tance of  a  quarter  of  a 
mile.  The  scorpio  and 
onager  were  similar  instruments, 
know,  however,  nothing  else. 

PULTA. 

Ballistic  Pendulum.  An  instrument  cm- 
ployed  for  the  purpose  of  measuring  the  velocity 
of  musket  and  cannon  balls.  It  consists  of  a  very 
strong  wooden  pendulum,  having  a  thick  ball  of 
•wood,  plated  with  iron,  at  the  bottom,  against 
which  the  bullet  to  be  experimented  upon  is  fired; 
The  ball  ascends,  pulling  out  a  ribbon  whieli  is 
attached  to  it,  so  as  to  be  capable  of  being  drawn 
out  with  little  or  no  force.  The  length  of  this 
ribbon  tells  us  to  what  height  the  ball  has  risen. 
In  fact,  it  will  be  the  length  of  the  chord  of  the 
arc  which  the  pendulum  describes  in  its  first 
oscillation.  If,  then,  we  know  the  weight  of  the 
bullet,  and  the  weight,  form,  &c.,  of  the  pendulum 
itself,  with  the  position  of  its  centre  of  gra\-ity  at 
which  its  weight  acts,  we  shall  be  able  to  measure 
the  velocity  of  the  bullet  by  the  quantity  of  motion 
which  it  is  capable  of  commmiicating  in  this  way. 
The  process  by  which  we  arrive  at  the  numerical 
result  is  somewhat  intricate,  but  the  reader  will 
easily  understand  the  principle  upon  which  it  i)ro- 
ceeds.  Whatever  quantity  of  movement  the  bullet 
has  lost,  the  pendulum  has  gamed ;  and,  if  the 
bullet  loses  all  its  motion,  the  whole  amount  of 
it  may  be  measured  by  the  actual  motion  of  the 
pendulum. 

Balloon.  The  balloon  depends  upon  the 
princii>le  of  Archimedes  for  its  power.  That  jirin- 
ciple  applies  to  every  case  of  bodies  immersed  in 
a  fluid.  According  to  it,  every  body,  in  such  cir- 
cumstances, loses  just  so  much  of  its  own  weight 
as  the  bulk  of  the  fluid  wliich  it  displaces  comes 
to.  Suppose,  for  example,  a  stone  of  1  lb.  weight 
placed  in  water.  Imagine,  for  a  moment^  the 
outline  of  the  stone  remaining  as  an  infinitely 
thin  shell,  through  which  the  water  enters,  and 
which  it  fills.    Suppose  this  shell  taken  out  and 
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■!c;hcd  while  filled  with  water,  and  suppose  it 
ighed  ;dso  while  filled  with  the  stone.  Accord- 
--°to  the  principle  of  Archimedes,  the  weight 
i' "the  stone  when  in  the  water,  together  with  the 
ein-ht  of  the  outline,  as  it  were,  of  the  stone 
Hed  with  water,  will  just  make  up  the  original 
l  ight  of  the  stone  out  of  the  water  Now,_the 
alloon  is  a  hody  immersed,  like  the  stone,  in  a 
!uid— the  air— and  the  same  law  applies  to  it. 
:  loses  so  much  of  its  weight  as  an  outline  of  its 
rm,  so  to  speak,  filled  with  common  air  would 
a'igh.   There  is  this  difference,  however,  between 
he'two  cases :— the  stone  has  still  weight  left  by 
\  hich  it  descends ;  the  balloon,  on  the  contrary, 
iscends.  We  shall  see  the  point  of  union  between 
he  two  cases  more  readily,  if  we  Imagine  gravity 
—the  force  of  the  weight — as  represented  by  a 
nan  pulling  right  downwards  a  string  attached 
.  the  stone  and  the  balloon,  respectivelJ^  Sup- 
use  that  another  man  represents  the  loss  of  weight 
A  hich  each  experiences— the  contrary  weight  of 
be  equal  masses  of  fluid,  by  pushing  the  bodies 
ipward.    In  the  case  of  the  stone,  the  man  pull- 
downwards  is  the  stronger  of  the  two,  and  the 
idy  descends.  In  the  case  of  the  balloon ,  the  man 
ishing  upward  uses  most  force,  and  the  body  rises, 
t  he  principle  is  precisely  the  same  in  both  cases. 

The  methods  of  securing  this  preponderance  of 
i.pcensive  force  are  readily  suggested.  We  know 
ivhat  it  is  in  every  case— a  force,  pushing  up- 
ivard,  equal  to  that  which  draws  do\TOward  a 
'body  of  common  air  which  could  be  contained 
» within  the  outline  of  the  balloon.  We  requhe,. 
!then,  to  see  that  the  downward  force  be  less  than 
Ithis.  The  materials  of  the  balloon— the  silk,  the 
SEords,  the  car— weigh  more  than  the  air-  they 
^respectively  displace ;  and,  when  the  balloon  is 
Hised  for  aerial  voyages,  the  travellers  weigh  eon- 
fieiderably  more  also.  There  is,  then,,  so  far  a 
^preponderance  of  the  downward  force.  There  is 
Seleft  us,  however,  the  internal  space  of  the  balloon. 
XNow  we  cannot  leave  this  unoccupied — in  which 
case  we  should  have  the  upward  force  gained 
iv-without  any  counterpoise  of  downward  force — 
.because,  without  very  strong  materials,  the  sides 
*"would  be  crushed  in.  The  atmosphere,  we  know, 
ipresses  with  a  force  of  14 1  lbs.  on  every  square 
linch.  A  silk  bag,  utterly  empty,  would  collapse 
iiinto  two  silk  plates  under  this  pressure,  and  we 
■'.should  thus  lose  our  advantage  as  soon  as  we  had 
.'got  it.  If  we  used  stronger  materials,  so  as  to 
.•avoid  this,  such  as  iron  and  copper,  the  first  pre- 
ponderance which  we  have  noted — that  of  the 
downward  weight  of  the  materials  over  the  uj)- 
ward  push  of  an  equal  quantity  of  air — would  be 
'  very  great  indeed,  if  they  were  made  thick  enough 
to  resist  the  entrance  of  air  at  every  point,  and 
we  should  have  but  little,  if  any  advantage  from 
iiour  balloon.  We  have  to  Jill  it  then  with  some- 
thing which  shall  keep  our  bag  distended,  and  so 
retain  the  space  whicli  we  are  anxious  thus  to 
turn  to  account,  and  which  yet  shall  be  lighter 
than  common  aur.    Healed  air  was  employed  for 
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the  Montgolfier  balloons,  hydrogen  gas  for  the 
ordinary  balloons  made  now.  We  have,  then, 
the-  preponderance  of  the  downward  force,  as  far 
as  regards  materials ;  and  of  the  upward,  as  far 
as  regards  the  filled  space.  If  the  difference  of 
specific  weights  of  the  light  body  and  air  bo  con- 
siderable, or  of  the  materials  and  air  inconsider- 
able, and  if  the  proportion  of  space  which  they 
fill  be  small  compared -with  that  which  the  bag  of 
the  balloon,  if  we  may  so  call  it,  fills,  we  shall 
have  a  very  powerful  upward  force  as  the  result 
of  the  whole. 

One  practical  caution  we  should  wish  to  repeat, 
because  it  depends  upon  a  very  important  physical 
principle.  The  aeronaut  who  fills  his  balloon 
with  hydrogen  gas  must  not  put  in  it  as  much  as 
it  can  hold  of  the  gas.  If  he  do  not— if  he  put 
in,  for  instance,  only  half  what  his  balloon  wiU 
contain — he  -will  certainly  commence  the  ascent 
with  less  than  half  the  force  with  which  he  might 
have  done  so.  His  balloon  will  be  squeezed  down 
to  half  the  size;  and,  according  to  Marriotte's 
law,  when  it  reaches  that,  the  pressures  inside 
and  out,  being  equal,  will  balance.  He  will  only 
thus  have  half  the  apparently  available  difference 
of  weight  of  hydrogen,  and  common  air.  When 
he  has  ascended,  however,  not  so  quickly  as  he 
might  have  done,  a  considerable  way  into  the 
atmosphere,  his  circiuBstances  will  have  changed. 
The  atmcsphere  is  no  longer  so  dense.  All  the 
weight  of  air  beneath  him,  which  lay  on  the 
strata  of  the  air  at  the  surface,  does  not  press  on 
the  air  in  which  he  now  is.  It  does  not  press 
then  so  heavily  on  the  sides  of  the  balloon.  Now 
the  hydrogen  inside  is  only  kept  in  the  space  of 
half  the  balloon  because  there  is  a  pressure  out- 
side which  balances  the  pressure  in  that  case. 
When  the  pressure  outside  becomes  |  of  what  it 
was  at  first,  it  will  occupy  no  longer  half  the 
space,  but  i  -r- 1  of  the  space  (see  Marriotte's 
Law),  that  is,  f  of  it.  When,  again,  the  pressure 
becomes  only  half  what  it  was,  the  hydrogen  will 
occupy  twice  its  original  bulk,  and  fill  the  whole 
balloon.  Now  here  lies  the  advantage  which  he 
has  reaped  from  not  filling  his  balloon.  The 
pressure  outside  is  now  7|  lbs.,  according  to  oui 
supposition,  that  within,  according  to  Man-iotte's 
law,  is  the  same,  brcause,  as  the  space  of  the 
original  hydrogen  increases  (which  is  now  double 
of  what  it  was,  the  pressure  which  just  balanced, 
and  was  therefore  just  equal  to  the  atmospheric 
pressure)  decreases  in  the  same  proportion.  There 
is,  then,  no  strain  at  all  upon  the  canvas  at  the 
height  where  the  atmospheric  pressure  is  dimin- 
ished by  one-half,  that  is,  about  the  greatest 
height  to  which  Gay  Liissac  went.  If,  however, 
the  balloon  had  been  filled,  and  if  it  had  reached 
this  height,  there  would  have  been  a  pressure 
inwards  of  7|  lbs.,  and  a  pressure  outwards  (the 
original  pressure)  of  14 1  lbs.  per  square  inch.  In 
all  likelihood,  then,  the  silk  or  canvas  would 
burst,  and  the  unhappy  ballooncr's  voyage  ter- 
minate.   See  Aeronautics. 
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Barbette.  A  term  of  fortification,  denoting 
a  sort  of  battery.  It  is  a  small  hillock  of  earth, 
flanked  by  works  on  which  cannon  may  be  placed, 
which  are  fired  over  the  wall,  instead  of  tlu-ough 
embrasm-es. 

Barbican.  A  tcim  of  fortification.  It 
marks  any  small  outwork,  lUce  a  wall — pierced 
•with  shot-holes,  intended  to  mask  a  bridge  or  a 
gate,  or  a  covered  way,  or  any  object  dangerously 
exposed. 

Barometer:  etymologically,  a  measurer  of 
weight:  a  name  given  to  one  of  the  most  im- 
portant instruments  of  meteorologj-, — its  object 
Ijeing  to  measm-e  the  weight  of  the  superincumbent 
column  of  air,  and  so  to  enable  the  inquirer  t  o 
note  its  variations.  In  common  estimation,  this 
iusti'ument  is  a  tveather-glass,  prognosticating  the 
occm-rence  of  rain,  &c.  &c. — it  does  not,  however, 
give  any  direct  indication  except  the  one  now 
specified:  the  probabilities  of  rain,  &c.  are  in- 
ferences only,  and  dependent  for  their  degree  of 
accuracy  on  the  mode  by  which  very  imperfect 
meteorological  theories  have  been  able  to  connect 
the  other  phenomena  of  the  atmosphere  with  its 
weight  The  prmciple  of  the  barometer  is  very 
simple.  Suppose  a  tube,  ab,  closed  at 
the  top,  and  of  considerable  length,  to 
be  filled  with  mercury,  or  any  other 
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fluid,  and  then  tm-ned  into  the  position 
occupied  by  it  in  the  diagram,  it  is  easy 
to  see  what  must  occur,  if  the  end  d  is 
left  open.    It  is  this-:  the  mercury  will 
descend  in  the  tube,  and  reach  a  level,  c, 
determined  in  this  wise, — the  height  of 
the  column  c  d  must  be  an  exact  coun- 
terpoise to  the  weight  of  the  whole 
column  of  ah-  resting  on  the  open  sm-face 
of  the  mercury  at  d,  and  so  pressing  the 
mercmy  or  other  flmd  up  the  tube.  The 
weight  of  the  column  of  Ave  may  thus 
D  easily  be  foimd,  if  the  exact  specific 
weight  of  the  liquid  iii  the  tube  has  been 
previously  ascertained.  Any  liquid  whose 
p.    ,  specific  gravity  is  knowi  will  suit  the 
'  purpose :  water,  for  instance,  is  employed 
in  the  -water  barometer.    On  two  accounts,  how- 
ever, mercury  or  quicksilver  is  the  liquid  em- 
ployed in  practice,  viz  -.—first,  its  great  specific 
gravity  enables  a  comparatively  short  column, 
never  more  than  thirty-one  inches,  to  counter- 
balance the  whole  column  of  the  atmosphere,  thus 
confining  the  size  of  the  instrument ;  and  secondly/ 

 because  of  the  high  temperature  of  its  boiling 

point,  the  elastic  force  of  its  vapour  at  ordinary 
temperatures  is  extremely  small;  so  that  for 
ordinary  pm^poses  the  disturbing  or  reactive  force 
of  the  mercurial  vapour  filling  the  space  A  c  of 
the  tube  may  be  neglected.  Without  entcrnig 
on  minute  details,  it  will  be  evident  that  the  chief 
meclianical  requisites  of  the  barometer  are  imple- 
mented in  such  an  instrument  as  the  following : — 
Within  a  brass  tube,  capable  of  being  suspended 
by  a  ri)ig  at  a,  or  fitted  by  other  means  to  be 
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placed  vertically  with  the  greatest  exactness,  If-t 
tlierc  be  a  glass  tube,  closed  at  the  top,  and  liiltd 
with  mercury.    The  other  open  end  of        ^  ^ 
the  glass  tube  is  plunged  into  mercury 
contained  in  a  box  c  C  d  d'  ;  the  surface 
of  the  mercury  being  seen  at  c  C.  At- 
tached to  the  brass  tube  is  an  ivoi-y  or 
platinum  pouit,  seen  near  c';  and  by  a 
screw,  A',  connected  with  the  moveable 
bottom  of  the  bpx,  cc'dd',  the  surface 
c  C  of  the  mercury  in  the  box  can  always 
be  brought  just  to  touch  the  end  of  the 
ivory  or  platinum  point.  This  platinum 
or  ivory  point  is  the  zero  or  commence- 
ment of  the  scale  by  which  the  height 
of  the  mercmy  in  the  tube  is  measmed. 
The  upper  part  of  the  scale,  as  much  as 
includes  the  whole  possible  range  of  the 
mercury,  as  caused  by  variations  of 
atmospheric  pressure,  say  from  25  to  32 
inches — is  engraven  on  the  brass  tube, 
to  which,  for  minuter  readmgs,  a  slid- 
ing vernier,  B  b  b'b",  is  attached.  An 
observation  may  be  conducted  in  this 
wise.  The  lower  surface,  c  c',  being  first 
brought  to  the  ivory  point,  the  position 
of  the  upper  surface  is  examined,  as  it 
appears  through  the  slit  ee'  in  the  tube. 
The  sliding  ring  b  b  b'  b"  is  then  brought 
by  an  attached  screw,  until  its  plane  be 
a  tangent  to  the  summit  of  the  meniscus 
which  terminates  the  mercurial  column ; 
a  careful  reading  of  the  scale  and 
vernier  wiU  then  give  the  height  of 
the  column.  The  operation  seems  easy, 
but  it  must  be  performed   with  solicitude; 
especially  as  from  the  great  specific  gravity  of 
mercury,  the  slightest  error  will  cause  a  great 
eiTor  in  the  weight  of  the  column  deduced  from  it. 
But  this  process,  however  great  the  accuracy  -w-itli 
which  it  may  be  gone  through,  does  not  suffice  to 
enable  the  inquirer  to  state  the  real  weight  of  the 
Air.     There  are  coi-rections  to  be  applied  in 
compensatiott  of  errors,  occasioned  partly  by  in- 
accurate construction  of  the  instrumeut,  and 
partly  by  physical  causes.  The  Errors  in  question 
may  be  classed  under  two  heads, — those  which 
are  absolute  and  invariable — characteristic  of  th8 
instrument  under  every  condition;  and  those 
which  vary  according  to  the  circumstances  under 
which  each  observation  is  made.  We  shall  discuss 
them  separately : — I.  A  bsoluie  or  Constant  Errors. 
One  set  of  these  absolute  en-ors,  inhering  in  all 
ordinary  Baronietei-s,  and  rendering  them  useloss 
for  delicate  observation,  ought  to  be  prevented  1  y 
the  maker  of  the  instrument,  and  the  mechani- 
cian setting  it  up.     These  arise  from  the  im- 
purity of  the  mercury  employed,  and  from  the 
inclined  position — the  want  of  verticality — of  the 
tube.    If  the  tube  be  not  vertical,  the  measured 
heiqU  is  no  index  to  the  weight  of  the  column; 
and  unless  the  mercury  be  pure,  and  its  specific 


Fig.  2. 


gravity  thercfore  constant,  it  Avould  be  equally 
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;inosslblo  to  deduce  tceUjlit  from  heiglit.    But  as 
ither  error  is  a  necessarj''one,  we  shall  consider 
11-  instrument  not  imperlcct.  through  such  cure- 
-sness  of  its  artists.     The  second  class  of 
ibsolute  errors  cannot  be  avoided  by  the  best 
iiakers,  and  must  be  cm-rected  by  the  Observer, 
t  hey  consist  of  two  items,  and  form  what  is 
ailed  the  absolute  equation  of  each  Barometer, 
lie  Jirst  of  these  items  depends  on  a  permanent 
hvsical  cause — capillarity.    On  lookmg  at  any 
nerciu-ial  surface,  within  a  glass  vessel,  any  one 
nay  notice  that  it  is  convex — the  sides  being  de- 
pressed.   This  influence  of  capillarity  then,  as 
?xercised  between  glass  and  mercuiy,  tends  to 
Jipress  the  mercmial  column ;  and,  it  does  this 
;he  more,  the  naiTOwer  the  tube.    In  case  of  a 
i\  phon  barometer,  such  as  fig.  1,  the  depression 
f'  both  snrfoces  will  be  the  same,  so  that  this 
lem  of  absolute  error  may  be  neglected;  but  in 
case  of  barometers  like  fig.  2,  when  the  lower 
surface  is  much  larger  than  the  upper,  the 
mercury  wall  be  pemanently  depressed,  and  the 
reading,  as  above  described,  w'ill  be  too  small.  A 
certain  quantity  must  thus  be  added  to  eveiy 
reading;  and  it  is  required  to  determine  that 
quantity.    The  researches  of  Gay  Lussac  and 

■Schleiennacher,  and  the  analysis  of  Poisson,  have 
enabled  calculators  to  construct  tables  for  this 
eiTor.  It  does  not  depend  on  the  diameter  of  the 
column  or  the  inner  diameter  of  the  tube  alone, 
but  also,  on  the  dimensions  of  the  meniscus  in  a 
vacuum ;  so  that  the  table  has  tivo  variables  as 
its  index.  The  best  table  is  by  Delcros.  The 
depression  due  to  capillarity  being  thus  ascer- 
tained, it  is  sometimes  mechanically  corrected  for, 
by  gi\'ing  the  scale  a  corresponding  index  error, 
or  placing  the  zero  point  lower  than  it  sJiould  he. 
But  this  correction  is  rarely  perfect,  inasmuch  as 
it  presumes  the  non-existence  of  the  second  item 
of  these  absolute  errors, — the  error  of  the  zero 
point  itself.  Barely,  indeed,  can  a  scale  be  pro- 
duced absolutely  free  from  its  own  index  error ; 
so  that  instead  of  an  alteration  of  the  zero  point 
i^ufficing  to  correct  the  depression  of  capillarity, 
the  position  of  that  point  usually  involves  an  error 
itself.  There  is  no  good  or  accessible  mode  of 
correction  in  the  case  of  the  mass  of  barometers 
;ave  one,  viz.,  a  most  careful  comparison  with 
some  type-instmment,  on  which  all  the  solicitudes 
of  art  and  science  have  been  expended.  By  such 
comparison  the  required  absolute  equation  may 

bbe  obtained.  II.  The  errors,  which  vary  with 
every  act  of  observation,  are  also  twofold.  First, 
however  accurately  the  scale  may  correspond  to 
its  zero  point,  when  constructed,  it  is  plain  that 
it  must  become  erroneous  should  the  brass  tube  on 
■which  it  is  engraved  vary  in  kngth.  But  that 
tube  expands  and  contracts  according  to  the  rise 
or  fall  of  its  temperature ;  and  the  scale  can  never 
be  accurate  therefore,  unless  when  the  tube  is  of 

tl  the  exact  temperature  it  had  when  the  scale  was 

4  first  cut.  To  remedy  this  source  of  error,  the  rod 
or  tube  containing  the  scale,  was,  at  one  time,  con- 
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strnctcd  of  materials  the  least  of  all  liable  to 
expansion  or  contraction— such  as  wood:  now 
however,  a  metallic  tube,  whose  rate  of  expansion 
has  been  determined,  is  adapted  for  all  good  in- 
struments, on  the  pmiciple  that  it  is  preferable  to 
deal  with  a  large  though  ascertained  error,  than 
with  a  small  and  indefinite  one.    It  is  necessary 
therefore  to  ascertain  the  temperature  of  the 
scale-tube  at  every  observation,  and  to  add  to,  or 
subtract  from,  the  height  as  read  on  the  scale,  a 
quantity  due  to  the  expansion  or  contraction  of 
the  tube,  taldng  as  a  basis  its  natural  tempera- 
tiu-e  and  height.    This  necessity  of  determining 
the  temperature  of  the  tube,  requires  that  a 
thei-mometer,  T  t',  be  attached  to  the  tube ;  and 
that  this  thermometer  be  read  off  quickly  at  the 
commencement  of  the  process  of  observing. — The 
second  cause  of  error  is  due  to  variation  of  tem- 
peratiure  also;  but  to  its  effects  on  the  mercmial 
column.    The  object  of  the  instrument  bemg  to 
give  the  weight  of  the  air  by  observation  of  the 
height  of  the  column ;  it  is  evidently  implied  that 
the  mercury  remain  of  a  constant  specific  gravity ; 
for  then  alone  could  similar  heights  represent 
corresponding  weights.    Now  the  specific  gi-avity 
of  mercury  is  not  constant,  if  its  temperature 
varies :  this  liquid,  expanding  like  all  others,  and 
becoming  of  inferior  specific  gravity  as  its  tem- 
perature increases.     The  temperature  of  the 
mercury  must  be  ascertained  therefore,  as  well  as 
the  temperature  of  the  tube :  and  in  many  of  our 
best  Barometers  this  is  done  by  aid  of  a  second 
thermometer  whose  ball  is  plunged  amid  the 
mercm-y.    Often,  however,  it  is  assumed  that  the 
temperatm-e  of  the  mercury  corresponds,  or  very 
nearly  con-esponds,  with  the  temperature  of  the 
metallic  tube ;  and  that  a  single  observation  of 
the  thermometer  will  suflace.    The  amount  of 
con-ection  for  these  two  errors  gi-ouped  together, 
is  obtained  in  practice  from  suitable  tables,  whose 
indices  or  variables  are  the  observed  temperatures. 
Such  the  needful  corrections .  but  eri-ors  in  the 
residt  will  still  remain.   The  process  of  observing 
the  Barometer  is  a  very  nice  one;  and  only 
the  greatest  cai*e  and  large  practice  will  secure 
the  observer  against  mistakes  seriously  interfering 
with  the  usefulness  of  his  results,  in  those  more 
delicate  inquiries  on  which  science  is  now  enter- 
ing.  Hence,  as  we  shall  see  below,  the  very  high 
importance  of  self-registering  Barometers. — Mr. 
Newman  of  London  has  long  enjoyed  desei-ved 
reputation  for  the  structure  of  Barometers.  We 
gladly  notice  also  the  excellence  of  the  Barometers 
of  Fortin,  as  now  produced  by  M.  Ernst  of  Paris. 

Barometer,  Aneroid. — A  very  beautiful,  portable, 
and  accurate  instrument,  recently  invented  by  M. 
Vidi.  It  was  introduced  to  the  British  Associa- 
tion in  1848,  by  Professor  Lloyd  of  Dublin.  The 
face  of  this  Barometer,  presented  in  fig.  1,  is  four 
or  five  inches  in  diameter ;  the  barometric  heights 
being  indicated  by  the  hand.  Behind  the  face  is 
a  brass  box,  about  2^  or  3  inches  deep,  contain- 
ing the  apparatus,  on  which  the  weight  of  the 
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atmosphere  acts.  The  apparatus  itself  is  a  little 
couiplex,  but  its  principle  will  be  readily  under- 


Fig.  1. 

stood  ;  by  aid  of  figs.  2  and  3,  ■which  are  sections 
of  the  important  parts  of  it.  d  d,  fig.  2,  is  a  ckcular 


Fig.  2. 


Fig.  3. 

metallic  case  called  the  vacuum  chamher,  the 
sides  of  which  are  thin  and  corrugated,  so  that 
their  elasticity  is  great,  and  therefore  the  readi- 
ness with  which  they  yield  before  variations  of 
atmospheric  pressure.  This  chamber  may  be  ex- 
hausted wholly  or  partly  through  a  tube,  f.  In 
the  state  of  exhaustion  it  would  take  the  form  of 
lig.  3.  When  prepared  for  use,  however,  the 
exhaustion  is  not  complete ;  and  the  corrugated 
diaphragms  take  the  position  of  the  dotted  lines  in 
fig.  3,  leaving  between  them  a  certain  free  interval 
along  the  whole  interior  of  the  chamber.  A 
quantity  of  gas  is  introduced  after  exhaustion,  by 
means  of  tlie  variation  of  whose  elasticity,  at 
varying  temperatures,  compensation  is  eflfected 


for  the  changing  capacity  of  the  case.  The  case 
or  chest  being  2-5  inches  in  diameter,  the  pressure 
of  the  atmosphere  upon  its  sides  or  diaphragm 
would  be  abcut  73  lbs.  were  exliauslion  perfect: 
in  the  actual  instrument  it  is  not  more  than  44  lbs. 
It  is  easy  to  see  tliat,  on  any  scasible  variation 
of  atmospheric  pressure,  the  two  sides  of  tliis 
metallic  chamber,  will  either  recede  from  each 
other  or  approach,  according  as  that  pressm-e 
diminishes  or  augments  :  and  that  in  consetjuence 
of  such  receding  or  approach,  the  free  stalk  or 
rod,  M,  will  obtain  a  slight  motion  in  or  ouf,  at 
right  angles  to  tlie  face  of  the  Aneroid,  't  his 
motion  is,  in  the  first  place,  changed  by  ingenious 
contrivances  from  a  vertical  motion  to  one  parallel 
to  tlie  face  of  the  dial;  and  this  last- is  again 
changed  into  a  rotatory  one — that  moving  the 
index  hand— by  the  ajiplication  of  a  watch  chain 
to  a  small  cylinder  or  drum.  This  process  of 
change  is  also  made  to  anfjment  or  multiply 
the  original  very  slight  motion,  by  aid  from 
levers ;  an  effort  so  well  accomplished  that  v.hen 
tlie  corrugated  surface  moves  through  only  ^5o*^h 
of  an  incli,  the  index  hand  on  the  face  turns  over 
a  space  of  three  inches.  The  only  correction  re- 
quhed  for  the  aneroid  is  a  slight  one  for  tempera- 
ture, detected  experimentally  tlius: — Observe 
carefully  its  indication  at  any  moment  in  the 
external  air ;  remove  it  immediately  before  a  fire, 
and  heat  it  until  the  thermometer  on  the  dial 
shall  reach  100° ;  then  notice  the  variation  of  the 
hand :  tliis  variation,  divided  by  the  number  of 
degrees  through  which  the  thermometer  has 
moved,  will  give  the  correction,  whether  in  delect 
or  excess,  to  be  applied  for  each  degree  of  change 
of  temperature.  The  extreme  portabUity  of  this 
little  instrument,  and  its  comparative  freedom 
from  risk  of  fracture,  give  it  immense  advantage 
over  the  mercurial  barometer  m  all  cases — such 
as  in  measuring  altitudes — where  its  transport  is 
necessary;  and  certainly  it  has  well  stood  the 
strongest  tests  as  to  its  accuracy.  Mr.  Lloyd 
states,  for  instance,  that  he  had  placed  one  under 
the  receiver  of  an  air  jiump,  and  found  that  its 
indications  corresponded  with  those  of  the  mer- 
curial gauge  to  less  than  0-01  of  an  inch;  and, 
within  ordinary'  variations  of  atmospheric  pres- 
sure, the  coincidence  is  verj'  remarkable : — The 
sum  of  the  heights  of  109  observations  by  the 
aneroid,  gave  in  one  set  of  experiments  3239-712 
inches,  the  corresponding  sum  with  the  mercurial 
barometer  being  .S239-4i.  The  Aneroid  was  thus 
in  excess  only  0-272  of  an  inch,  which,  divided 
by  109,  gives  for  the  average  error,  or  rather 
discrepancy,  of  one  observation,  the  very  small 
fraction  0-00249  of  an  inch.  Modilications 
and  different  forms  of  the  Aneroid  have  already 
been  ]iroposed:  among  which  are  those  named 
Metallic  Barometers.    The  principle  is  the  same. 

Barometer,  Sip/ton,  Simpiesoineta;  Portable. — 
Various  forms  of  the  Barometer  have  been  pro- 
posed. One,  the  s!j)/ion,  consisting  mainly  of  a 
bent  tube  (fig.  1,  Bauojietjek),  without  a  cistern, 
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in  fig.  2.  The  altitude  of  the  column  is  somc- 
L'3  mcasuretl  at  the  upper  surface  and  sometimes 
Jie  lower — the  changes  of  position  of  the  lower 
face  evidently  corresponding  with  changes  in 
position  of  the  upper  one.  In  this  latter  case, 
l  oction  for  the  temperature  of  the  mercury  may 
dispensed  v/ith,  as  it  is  the  weic/ht,  not  the 
lilt,  of  the  long  column  which  is  directly 
asured: — the  position  of  the  lower  surface 
idd  be  the  same,  although  the  greater  pai-t  of 
upper  column  were  not  mercury,  but  some 
iier  liqiud.  These  Siphons,  however,  are  not 
Nourites  with  scientific  Observers.  They  are 
'  jcct,  especially,  to  disturbance  from  an  in- 
iiidity  of  capillarity,  or  of  the  meniscus, 
hen  formed  in  vacuo  and  in  the  air.  They  are 
so  fragUe;  and  altogether  the  construction  is 
lerior.  —  Another  modification  was  proposed 
many  years  ago  by  Mr.  Adie  of 
Edinburgh,  and  is  of  much  value, 
through  the  extent  of  its  range. 
As  represented  in  the  accompany- 
ing woodcut,  it  consists  of  a  portion 
of  permanently  elastic  gas,  enclosed 
in  the  upper  part  of  a  tube,  and 
separated  from  the  external  air  by 
a  fluid,  which  neither  acts  on  that 
gas,  nor  is  acted  on  by  tlie  external 
air.  The  gas  employed  is  hydro- 
gen ;  and,  in  the  cistern,  oil  of  al- 
^monds,  coloured  red  by  alkanet 
root.  As  the  pressure  of  the  at- 
mosphere varies,  the  enclosed  hy- 
drogen expands  or  contracts,  by 
proportional  but  large  quantities; 
and  the  liquid,  accordingly,  either 
rises  or  falls  in  the  tube,  to  which 
a  scale  is  attached,  through  large 
spaces.  Tlie  sensitiveness  of  this 
instrument,  and  its  extensive  scale, 
makes  it  a  deserved  favourite  at 
sea;  but,  for  delicate  meteoro- 
logical purposes,  it  is  quite  inferior 
to  the  mercurial  barometer,  in 
wnsequence,  chiefly,  of  absorption  of  hydrogen  by 
le  oil.  To  enable  the  observer  to  correct  for 
^mperature,  a  thermometer  is  attached.  Portable 
wrometers,  chiefly  of  the  siphon  form,  are  in- 
-.ruments  made  with  especial  view  to  safe  and 
tsy  transport.  Very  ingenious  and  excellent 
■urometers  of  this  kind  have  long  been  made  at 
i-aris  and  Berlin :  but  they  are  now  superseded 
Y  the  Aneroid. 

i  Water  Barometers,  <^c. — These  are  instruments 
•jite  like  the  mercurial:  the  liquid  emploj-ed 
jing  water,  &c.  instead  of  mercury. 

Barometer,  Self- Registering  There  are  two 

iatinct  functions  of  what  are  called  self- 
■gLstering  instruments : —The  first,  to  present 
mtinuously  the  course  or  flow  of  a  changing 
henomenon,— of  which,  without  their  assistance, 
e  can  learn  the  condition  only  at  a  few  and 
iparate  moments  of  time.   The  second,  to  enable 
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us  to  avoid,  by  some  process  of  vieclianical  record- 
ing, the  errors  inlierent  in  every  act  of  observation. 
To  accomplish  the  first  object,  self-registering 
Barometers  have  been  offered  in  various  forms ; 
but,  in  general,  we  have  lost  in  exactness  as 
much  or  more  than  we  gained  through  the  con- 
tinuity or  frequency  of  the  record.  No  instru- 
ment of  this  kind  has  been  produced  sufliciently 
free  from  irregularities  arising  out  friction  and 
other  mechanical  obstacles.  Of  all  those  with 
which  we  are  acquainted,  the  Bryson's  of  Edin- 
burgh is  undoubtedly  the  best;  the  instrument 
marking  its  condition  every  hour  on  a  cylinder 
turning  regularly  romid,  through  means  of  its 
attachment  to  a  clock.  But  this  instrument 
leaves  untouched  the  eiTors  of  observation  ;  nay, 
the  mode  by  which  it  provides  for  the  subsequent 
measurement  by  the  observer  of  the  altitude  or 
value  of  the  marks  it  attains,  is  the  weak  part  of 
it.  This  second  source  of  en'or  can  be  got  rid  of 
only  in  one  way,  by  the  aid  of  Photography.  It  is 
not  too  much  to  allege  that  the  happj^  application 
of  this  art  will  ere  long  supersede  personal 
observation  in  such  cases  altogether;  while  at 
the  same  time  it  affords  the  means  of  recording 
continuously  the  changes  of  any  phenomenon  in  a 
state  offux,  however  various  these  may  be.  We 
do  not  intend  to  describe  in  this  place  the 
mechanics  of  this  application  of  Photography, 
because  these  will  certainly  be  much  simplified. 
Suffice  itf  that  the  efficiency  of  the  application 
alilve  to  Barometric,  Thermometric,  Hygrometric, 
and  Magnetic  changes  has  been  amply  verified 
at  our  great  National  Observatory  of  Greenwich. 
The  instruments  in  action  there,  were  constructed 
by  Mr.  Brooke ;  and  it  is  understood,  that  their 
eminent  value  is  acknowledged,  and  the  opinion 
we  have  just  expressed  fully  concurred  in  by  the 
Astronomer  Eoyal,  Mr.  Airy.  See  Article 
PnoTOGEAHY,  Registkatiox  BY,  in  Ap- 
pendix. 

Barometer,  Repeating.    See  Appendix. 

Base.  In  geometry,  the  base  of  a  flgm'o 
means  properly  its  lowest  line,  if  it  be  a  plane 
figure,  or  its  lowest  surface  if  it  be  a  solid.  In 
trigonometrical  operations,  the  base  is  a  line 
carefully  measm'ed  between  two  points  readily 
accessible,  from  which,  by  measuring  angles  alone 
afterwards,  we  may  obtain  the  length  of  lines  not 
observed.  Upon  thfi  accuracy  of  the  measiu-e- 
meijt  of  the  base  depends  therefore^  the  value  of 
the  whole  series  of  operations.  In  consequence, 
the  greatest  precautions  are  taken  in  surve3'S,  not 
to  neglect  changes  of  length  from  changes  of  tem- 
perature in  the  measiiring  chain — difl'erences  of 
level — the  spherical  fignire  of  the  earth's  surface, 
and  the  like.  What  is  called  the  base  line,  in 
measuiing  the  length  of  a  degree  of  latitude 
(see  Latitude),  is  the  length  marked  off  between 
the  points,  the  inclination  between  the  verticals 
at  which  is  to  be  answered. 

JBastioii.  A  term  of  fortification,  applied  to 
a  work  in  the  shape  of  a  pentagon  inserted  iu  the 


73 


BAT 


13AT 


wall  of  a  fortress.  It  consists  of  two  faces, 
which  form  a  salient  angle  to  the  spectator  out- 
side ;  of  two  flanks,  which  connect  the  bastion 
with  the  curtains ;  and  of  a  ffortje,  which  separates 
their  extremities,  and  hy  Avhich  entrance  is  to  be 
obtained.  The  bastion  usually  consists  of  a  mass 
of  earth,  surmounted  with  turf,  bricks,  or  stones. 
It  was  not  used  till  about  the  beginning  of  the 
sixteenth  century. 

ISattcry.  Several  guns  playing  at  the  same 
place,  under  cover  or  otherwise,  are  called  a 
lattery.  The  full  description  of  the  various  kinds 
of  batteries  will  be  fomid  in  every  work  on  Gun- 
nery and  Artillery. 

Battery,  Electric. — Without  entering  in  this 
place  extensively  into  the  general  subject,  the 
reader  may  be  reminded  that,  in  the  absence  of 
any  positive  knowledge  of  the  intimate  nature  of 
electricity,  it  has  been  foimd  convenient  to  sup- 
pose that  the  phenomena  are  produced  bj'  two 
fluids,  which  have  a  tendency  to  combine  and 
neutrahze  each  other's  effects,  or  even  altogether 
to  disguise  the  ordinary  evidence  of  their  existence. 
In  this  state  of  union,  the  substance  with  which 
they  are  associated  is  said  to  be  non-electrified. 
They  are  called  the  vitreous  and  resinous  elec- 
tricities, this  mode  of  expression  being  now  gen- 
erally preferred  to  that  of  Franklin,  who  en- 
deavoured to  explain  the  phenomena  by  the 
supposition  of  only  one  fluid,  which,  when 
uniformly  distributed,  constituted  the  common  or 
unelectrified  state  of  matter.  When  in  excess, 
as  on  a  piece  of  glass  that  has  been  nibbed,  the 
body  was  said  to  be  positively,  or  when  in  defect, 
as  in  sealing  wax  after  fiiction,  negatively  elec- 
trified. These  names  are  respectively  synonymous 
with  vitreous  and  resinous  in  tlae  first-mentioned 
hypothesis.  When  the  prime  conductor  of  an 
electrical  machine  is  of  a  large  size,  a  very  con- 
siderable amount  of  vitreous  electricity  can  be 
accumulated  on  it ;  but  it  has  been  foimd  that, 
by  the  employment  of  the  prmciple  of  Avhat  is 
called  electric  induction,  a  vastly  greater  quantity 
can  be  accumulated  ui  a  comparatively  small 
space,  and  in  a  state  more  capable  of  producing 
many  of  the  eifects  of  this  remarkable  agent. 
Such  is  the  purpose  of  the  electric  or  Leyden  jar 
and  battery.  The  principle  of  induction  may  be 
stated  thus : — If  a  good  conductor  be  inteiposed 
between  an  elcctiified  and  an  unelectrified  body, 
the  accumulated  electricity  (say  the  vitreous) 
attracts  resinous  electricity  from  the  other  body 
through  tlio  conductor,  and  the  ordinary  unex- 
cited  state  is  restored,  or  the  body  is  said  to  be 
discharged.  If,  however,  the  interposed  substance 
be  not  a  conductor,  then  discharge  cannot  occur, 
but  the  vitreous  fluid  in  the  electrified  body  at- 
tracts the  resinous  fluid  naturally  in  the  neutral 
substance,  and  tends  to  draw  it  through  the  non- 
conductor, while  at  the  same  time  it  repels  the 
vitreous  or  fluid  similar  to  itself,  this  being  a 
fundamental  law  of  electric  action.  If  now  a 
path  be  opened  for  the  escape  of  the  repelled 


vitreous  fluid,  as  by  presenting  to  it  a  metallic 
rod  or  other  good  conductor,  it  jjasses  off,  and  we 
have  the  remaining  resinous  fluid  and  the  cora- 
municatpd  vitreous  acting  on  each  otlier  by  in- 
duction across  the  substance  of  the  non-conductor, 
disguising  each  other's  presence,  and  strongly 
tending,  by  their  mutual  attraction,  to  eflect  a 
junction  as  soon  as  a  conducting  cliannel  shall  be 
afforded.    In  this  species  of  action,  the  mutual 
repulsion  of  the  particles  of  each  of  the  fluids  is 
overcome,  by  the  attractive  power  of  the  opposite 
fluid  acting  across  the  substance  of  the  non-con- 
ductor, and  thus  a  vastlj'  greater  accumulation 
can  take  place  than  the  self-repulsive  power  of 
each  species  of  fluid,  for  its  own  particles,  could 
possibly  permit,  were  it  not  for  tliis  artifice  of 
causing  each  fluid,  by  its  proximity,  to  subdue, 
so  to  speak,  the  other.    In  this  state  the  non- 
conducting substance  is  said  to  be  charged  with 
disguised  electricity,  and  the  instant  a  conductijig 
circuit  is  established,  the  two  species  join,  and 
the  discharge  is  eflected.     Sealing  wax,  gum 
lac,  gutta  percha,  or  glass,  or  indeed  any  tolerably 
perfect  non-conductor  of  electricity,  may  be  used. 
A  thin  plate  is  the  most  eflfective,  and  in  order 
that  the  different  points  of  the  suriaces  may  act 
simultaneously,  a  film  of  conducting  substance 
must  be  spread  partially  over  both  sides,  leaving, 
however,  sufficient  space  near  the  borders  to  pre- 
serve the  insulation.    A  plate  of  common  wmdow 
glass,  coated  with  tinfoil  on  each  surface  to  within 
an  inch  of  the  edge,  makes  an  excellent  apparatus 
for  the  accumulation  of  electricity  in  the  manner 
above  referred  to.   Being  rendered  cai-efuUj-  clean 
and  dry,  it  is  charged  by  holding  it  by  one  of  the 
comers,  bringing  the  tinfoil  of  one  surface  in  con- 
tact with  the  prime  conductor  of  the  electric 
machine  in  action,  the  finger  or  a  vnre  bemg  kept 
in  contact  with  the  foil  of  the  opposite  surface, 
to  allow  of  the  escape  of  the  repelled  \atreous 
fluid.     This  simple  and  effective  arrangement 
affords  a  ready  means  of  dispelling  the  popular 
fallacy  regarding  the  Leyden  jar,  viz.,  that  the 
form  of  a  jar  is  necessary,  in  order  that  the  elec- 
tric fluid  may  be  retained  in  it  in  opposition  to 
its  tendency  to  flow  out  like  Avater.  Although 
it  is  true  that  any  quantity  of  electricity  might 
be  collected  on  a  sheet  of  glass  ai-ranged  as  indi- 
cated, by  sufficiently  increasing  its  size,  still  such 
an  apparatus  would  be  cumbrous  and  liable  to 
accident.    It  is  therefore  found  that  the  fonu  <  f 
a  jar  is  more  convenient,  and  glass  is  tlie  sub- 
stance usuallj'  preferred,  the  thickness  being  from 
■jljth  to  -g-th  of  an  inch.    A  greater  thickness 
than  this  unpedes  the  action.    Each  surface  ha? 
tinfoil  smoothly  pasted  on  it  to  within  about  twt 
inches  of  the  mouth,  a  cork  or  dry  wooden  lid  i 
inserted,  through  which  a  metallic  rod  passes, 
terminated  at  the  top  by  a  smooth  ball  of  lialf- 
an-inch  diameter,  and  ending  below  in  a  chain 
which  reaches  to  the  inner  coating  of  tinfoil  on 
the  bottom.    The  ball  thus  repi-escnts  the  inner 
surface,  and  the  outer  tinfoil  the  exterior.  Ue- 
'4 
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:en  these  tlie  discharge  tends  to  take  place, 
hen  a  great  accumulation  is  required,  instead 
ising  one  ver^'  large  and  therefore  thick  and 
ieldy  jar,  a  combination  of  a  number  of 
;ller  jars  is  preferred.    To  such  a  collection 
name  of  Electric  Battery  is  given.  Each  jar  is 
-tructcd  as  already  detailed,  and  they  are  then 
bmed  by  placing  the  outside  coatings  in  nie- 
;  c  contact  witli  each  other,  and  by  connecting  the 
Ic  of  the  interiors  into  one,  joining  all  the  balls 
r.eans  of  chains  or  brass  rods,  or  more  simply 
haps  by  binding  the  whole  of  the  rods  as  they 
end  from  the  interior  of  the  jars,  so  that  they 
.  meet — and  on  the  joined  extremities  placing 
ill,  which  thus  represents  the  whole  of  the 
rior  surfaces.     A  b-attery  composed  of  six 
<,  each  exposing  two  square  feet,  is  sufScient 
the  exhibition  of  most  of  the  effects  of  accu- 
ilated  electricity.    "When  powerfully  charged, 
iicli  it  wiU  be  by  about  a  hundred  turns  of  a 
1  machine,  it  should  be  handled  with  caution, 
"  being  taken  that  no  part  of  the  body  be 
light  near  the  ball.    If  this  be  attended  to, 
■  exterior  surface  may  be  freely  touched.  The 
ief  secret  in  the  successful  management  of  this, 
indeed  of  most  pieces  of  electrical  apparatus, 
that  it  be  rendered  perfectly  clean  and  diy ; 
leed  it  is  generally  essential  that  each  jar  shoidd 
taken  separately  and  rendered  warm  by  being 
Id  with  a  turning  motion  for  a  few  seconds 
21-  a  fii'e  or  a  good  flame,  just  before  being 
jd.    It  is  proper  also,  to  prevent  disappoint- 
■nt  (which  is  so  frequent),  that  a  pithbaU  elec- 
nieter  should  be  attached  to  the  battery,  to 
licate,  by  the  amomit  of  its  divergence,  the 
jgress  of  the  charge. 

The  annexed  cut  represents  a  battery,  with 
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_  electrometer  indicating  the  charge,  and 
jomted  discharger  used  for  passing  the  charge 
rough  the  substance  of  an  egg,  which  lie  on 
e  chain  from  the  outer  surface.  One  ball 
the  discharger  is  placed  on  its  upper  sur- 
:e,  while  the  other  is  brought  up  to  touch  the 
11  from  the  mtemal  coatings,  when  the  spark 
■.sses,  and  the  dLscharge  is  instantly  completed. 
Batieri/,  Galvanic  or  Voltaic — The  apparatus 


to  which  this  name  is  given  must  be  regarded  as 
one  of  the  most  curious  and  remarkable  of  human 
inventions.  The  exhibition  of  its  eflccts  scarce 
fails  in  exciting,  in  the  thoughtful  observer,  ad- 
miration of  the  genius  which  has  constructed, 
from  the  apparently  inert  and  lileless  matter  of 
the  earth,  combinations  of  power  so  strange  and 
subtle,  an  instrument  so  potent  in  the  laboratory 
of  the  philosopher,  and  now  so  useful  in  the  pro- 
cesses of  art.  Of  the  theory  of  the  Galvanic 
Battery  little  can  here  be  said,  nor  indeed  could 
it  be  of  value,  as  all  that  is  known  regarding  it 
rests  on  hypotheses  in  themselves  full  of  doubt. 
"Without  entering  into  speculations  as  to  the  elec- 
tric relations  of  the  atoms  of  matter,  it  may  be 
stated,  as  tolerably  well  ascertained,  that  there 
is  no  case  in  which  chemical  change  occurs  among 
the  constituents  of  any  substance,  without  a  dis- 
turbance of  their  electrical  state.  In  some,  nay 
in  most  cases,  this  distm'bance  would  altogether 
escape  notice,  w^ere  it  not  for  certain  precautions 
■taken  expressly  for  its  observance.  For  instance, 
■say  that  we  dip  a  piece  of  metal,  such  as  brass, 
into  diluted  sulphuric  acid,  in  a  glass  vessel ;  the 
metal  would  be  dissolved,  and  we  should  not  be 
sensible  of  any  electrical  change.  If,  however, 
the  containing  vessel  were  tin  or  iron  instead  of 
glass,  then,  on  bringmg  the  edge  of  the  dissolving 
brass  in  contact  with  the  edge  of  the  vessel,  a 
spark  of  light  would  instantly  give  notice  of  the 
passing  energy.  To  this  the  name  of  Galvanic 
Action  has  been  given,  and  the  agent  is  called 
Galvanic  or  Voltaic  Electricity.  That  it  is  com- 
mon electricity  in  a  modified  form  has  been  proved, 
and  the  difference  between  the  two  has  been  com- 
pared to  the  difference  between  a  mountain  rivulet, 
or  rushing  cascade,  rapid  and  powerful  though 
small  in  quantity,  while  the  other,  the  galvanic 
current,  resembles  the  rolling  waters  of  a  broad 
and  deep,  though  slowly  moving  river,  the  fric- 
tional  electricity  excelling  in  tension,  while  the 
voltaic  current  far  exceeds  it  in  quantity.  In 
the  absence,  hitherto,  of  certainty  as  to  the  inti- 
mate nature  of  the  actions  in  question,  such 
phrases  as  GalvanicCurrent,  Positive  and  Negative 
Pole  or  Electrode,  &c.,  must  be  conventionally 
used  till  a  more  con-ect  nomenclature  shall  emerge 
from  advancing  knowledge.  It  will  be  sufficient 
here  to  state  as  an  ultimate  fact,  that  when  two 
different  substances,  together  and  without  con- 
tact, are  immersed  in  a  substance,  generally  a 
liquid,  which  chemically  acts  on  both,  the  two 
are  thrown  mto  opposite  electrical  states ;  tliat 
which  is  most  energetically  acted  on  becoming 
negative  or  resinous,  while  the  other  becomes, 
with  reference  to  it,  vitreous :  and  further,  that 
these  actions  are  most  powerfully  observed  when 
the  chemical  action  is  one  of  oxidation,  and  both 
substances  are  good  conductors.  Though  it  is 
important  to  keep  in  view  this  generality  in  these 
actions,  still  it  is  known  that  metals  undergoing 
solution  in  acids  are  most  favourable  for  the  ener- 
getic exhibition  of  the  galvanic  phenomena.  In 
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tlic  choice  of  the  pah-  of  metals  to  be  put  together 
to  form  tlie  combination,  it  must  be  Icept  in  view 
that  if  both  are  good  conductors,  tlien  the  more 
energetically  and  j-apidly  the  one  is  acted  on  by 
the  solution,  the  greater  is  the  evolution  of  elec- 
tricitj',  tliis  being  called  the  genei'ating  jilate,  and 
the  more  the  other  resists  the  action  of  tlie  liquid, 
the  greater  also  is  the  energy  of  the  combination. 
The  one  least  acted  on  is  called  the  conducting 
plate.  The  combination  of  two  such  plates  is 
called  a  galvanic  element,  the  most  common  being 
copper  and  zinc,  immersed  in  a  solution  of  one 
part  of  water,  from  -^^th  to  ^\lh  of  sulphuric 
acid,  according  to  the  energy  required,  and  ^f^th 
of  nitric  acid.  AVhen  such  a  pair  is  composed  of 
plates  exposing  many  square  feet  of  surface, 
great  energy  is  evoh  ed.  A  -ivire  connected  with 
the  copper  is  called  the  positive  pole  or  electrode, 
while  the  same  with  reference  to  the  zinc  is  called 
the  negative  pole  or  electrode.  Any  substance 
to  be  subjected  to  the  action  is  placed  between 
the  poles.  The  cm-rent  is  said  to  pass.  Metallic 
■svires  are  heated  to  redness  or  dissipated  in  va- 
pour ;  vivid  sparks  are  seen ;  pieces  of  charcoal 
are  heated  to  intense  wliiteness,  producing  what 
has  been  somewhat  erroneously  called  the  electi-ic 
light.  Powerful  magnetic  effects  are  liiiewise 
induced  in  coils  of  wire.  But  some  of  the  most 
important  actions  of  the  current  cannot  be  evolved 
by  this  apparatus  of  a  single  pair,  however  large. 
It  is  deficient  in  tension,  and  can  only  traverse 
very  good  conductors.  To  give  impetus  or  force 
to  the  current,  a  combination  of  single  galvanic 
dements  into  a  battery  is  necessary.  Before  re- 
ferring to  the  mode  in  which  such  combinations 
are  formed,  it  may  be  as  well  to  attend  a  little 
jnore  minutely  to  the  different  kinds  of  single 
elements  which  are  used.  They  may  be  divided 
into  those  of  one  liquid  and  those  of  two  liquids. 
Of  the  tirst  is  that,  the  most  common  and  gen- 
erally useful,  of  a  zinc  and  copper  plate  of  about 
equal  thickness,  and  separated  by  an  interval  of 
about  half-an-inch,  the  exciting  liquid  being  one 
part  of  water,  -j^ih  of  oil  of  vitriol,  and  4*oth  of 
nitric  acid.  This  arrangement  is  much  improved 
and  rendered  more  economical,  by  the  amalgama- 
tion of  the  zinc  plate,  which  is  readily  accom- 
plished by  rubbing  its  surface  with  metallic 
mercury,  while  it  is  moistened  ivith  one  part  of 
sulphuric  acid  to  eight  of  water.  B3'  this  means, 
first  suggested  by  Mr.  Kemp  of  Edinburgh,  the 
Kurface  of  the  zinc  plate  is  kept  bright  and  fi-ee 
from  oxide,  wliile  its  substance  is 
only  wasted  down  by  the  acid  dur- 
ing the  time  tliat  the  current  is 
actually  being  used,  all  waste  in  the 
intervals  being  thus  avoided.  Tlie 
modification  usually  called  Smee's 
Battery  consists  of  an  amalgamated 
plate  "of  zinc  placed  within  half- 
nn-inch,  one  on  each  side,  of  a  thin 
silver  conducting  plate  on  which 
platinum,  in  a  fine  state  of  division, 
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has  been  preci|iitated.    The  nitric  acid  is  omitted 
in  the  exciting  liquid.  The  superiority  in  this  case 
is  supposed  to  consist  chiefly  in  the  freedom  ^vith 
wliich  the  hydrogen  escajies  from  the  platinised 
surface  of  the  silver,  as  contrasted  with  tlie  man- 
ner in  which  it  clings  to  the  plates  of  the  copper 
battery.    In  each  of  these  cases  of  single  liquid 
elements,  the  evolved  current,  though  energetic 
for  the  first  few  minutes  after  the  fresh  liquid  is 
poured  on  the  clean  metals,  soon  begins  to  dimin- 
ish, and  in  general,  in  the  course  of  fifteen  or 
twenty  minutes,  it  is  reduced  to  a  mere  fraction 
of  its  first  force,  even  though  the  acid  in  the  solu- 
tion should  be  nearly  of  its  original  strength. 
One  main  cause  of  this  has  been  the  deposition 
of  oxide  of  zinc  on  the  conducting  plate,  and  the 
evolution  of  the  hydrogen  has,  during  the  whole 
process,  acted  as  an  opposing  process,  or,  at  least, 
loss  has  been  occasioned  by  the  neglect  of  the 
opportunity  which  the  hydrogen  might  afford  of 
causing  a  deoxidating  process  on  the  conducting 
plate,  thus  rendermg  it  more  opposed  to  the  gen- 
erating plate,  where  oxidation  is  proceeding.  To 
keep  the  zinc  liquid  from  touching  the  conducting 
plate,  to  substitute  for  it  on  this  latter  plate  a 
liquid  capable  of  undergoing  deoxidation  by  the 
hydrogen,  and  at  the  same  time  to  allow  such 
contact  of  these  two  liquids  with  each  other  as  to 
admit  of  the  current  passing,  are  the  objects  to  be 
attained.    Such  are  the  ends  sen-ed  by  the  con- 
stant battery  of  Prof.  Daniell.    A  rod  or  cylinder 
of  amalgamated  zinc  is  introduced  into  a  bag 
made  of  an  ox  gullet  or  bladder,  or  even  of  closely 
woven  cloth,  or,  failing  these,  unglazed  porcelain, 
in  the  form  of  a  cylinder  closed  at  bottom.  The 
zinc  cylinder  &c.,  enclosed  in  its  envelope,  is 
immersed  in  a  cylindrical  vessel  of  copper,  so 
much  larger  as  to  allow  a  space  of  half-an-inch 
clear  all  round  between  them.    Into  the  copper 
vessel  is  put  a  saturated  solution  of  sulphate  of 
copper,  with  the  addition  of  ^'gth  of  sulphuric 
acid,  and  into  the  envelope  of  the  zinc  is  poured 
the  usual  exciting  liquid  formerly  mentioned,  of 
sulphuric  acid  and  water.     AVhen  the  wires  from 
the  copper  and  zinc  are  joined,  the  action  com- 
mences.   The  water  next  the  zinc  is  decomposed. 
Its  oxygen  oxidates  the  zinc,  which  is  then  dis- 
solved by  the  sulphuric  acid,  forming  the  sulphatB 
of  zinc,  which  remains  in  solution,  and  is  pre- 
vented by  the  diajjliragm  or  envelope  from  touc 
ing  and  contaminat- 
ing the  copper,  while 
its  hydrogen  passes 
through  the  moist  en- 
velojie,  and,  coming 
in  contact  with  the 
sulphate    of  cojipcr, 
decomposes  it,  reduc- 
ing tlie  metallic  copper 
on  the  surface  of  the 
copper  cylinder.  The 
sul|ihuric  acid  passes 
through    to  attack 
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2  zinc,  affoi-ding  a  renewal  of  ■  acid  for 
itinuing  the  action.    This  apparatus,  when 
Murlv  "constructed,  keeps  in  an  energetic 
•e   for   hours,  and  is   hence  called  con- 
it.    Subjoined  is  a  drawing  of  one  of  its 

Each  clement  in  Grove's  Battery  is  constructed 
:i  similar  principle.  In  this  case  platinum  is 
il  as  the  conducting  plate.  It  is,  from  its  ex- 
sive  nature,  used  ouly  in  thin  sheets,  and  is 
.  ed  in  strong  nitric  acid,  in  the  interior  of 
ihin  flat  trough  of  luiglazed  porcelain,  the 

-  anic  diaphragm,  though  otherwise  preferable, 
?ug  in  this  case  inadmissible.  One  amalgamated 
ic'^plate  may  be  placed  on  each  side  of  the 
^rcelain  trough,  and  the  whole  placed  in  a  vessel 
any  convenient  size,  containing  the  usual  excit- 
2,-  solution  of  sulphuric  acid  and  water.  In  this 

the  hydrogen  deoxidates  the  nitric  acid 
d  forms  water,  while  the  nitrous  acid  so  pro- 
iced  remains  dissolved.    After  a  time,  however, 
begins  to  be  evolved  into  the  atmosphere,  and 
lasi;  the  nitric  acid  fairly  enters  into  ebullition, 
lis  combination  is  of  great  energy  and  con- 
incy ;  it  is,  however,  in  its  first  construction, 
stl.v,  and  is  liable  to  accident.    If  cylmders  of 
rbon,  the  best  being  that  left  by  sublimation 
the  retorts  of  coal  gas  works,  be  substituted 
r  the  platinum,  we  have  the  element  usually 
lown  by  the  name  of  Bunsen's.    Square  prisms 
the  coke  can  easily  be  cut  by  a  marble  cutter, 
id  answer  well.  A  piece  of  copper  wire  is  wound 
und  their  upper  part  as  the  conductor,  and  they 
e  inserted  into  the  nitric  acid.    Great  care  is 
:cessary  in  washing  them  after  each  time  of 
;.ring,  otherivise  the  copper  is  oxidated,  and  the 
nrrent  ceases  to  pass.    A  battery  of  this  kind 
a;ay  be  constructed  for  £2,  which,  for  equal  effi- 
!iency  in  platinum,  would  cost  £30. 
.'  Another  excellent  combination  of  two  liquids 
;  that  of  Callan,  or  the  Maynooth  element,  as  it 
-as  been  called.    The  conducting  plate  is  made 

-  the  form  of  a  cylindrical  vessel,  and  is  of  cast 
on.  The  amalgamated  zinc  cylinder  is  placed 
1  a  porous  cell  an  inch  larger  than  itself,  for 
)ntaining  the  sulphuric  acid  and  water,  one  of 
;id  to  eight  of  water.  This  is  then  placed  in 
le  cast  iron  cell,  which  is  so  large  as  to  leave 
oout  half-an-inch  all  round  of  space,  for  con- 
luiing  the  second  liquid,  which  is  composed  of 
;rong  sulphuric  acid,  and  a  drachm  of  nitrate  of 
otash  to  the  ounce  of  acid. 

•  Such  are  the  chief  modifications  of  the  galvanic 
lement,  and  while  undoubtedly  that  of  Grove  is 
lemost  powerful  for  its  bulk,  that  of  Callan,  for 
:s  energy,  is  the  most  economical. 
All  the  different  species  are  easily  made  into 
atteries,  by  the  combination  of  a  greater  or  less 
umber  of  single  elements  into  one  aiTangement, 
irhich  Ls  done  by  connecting  the  generating  plate 
■f  one  clement  with  the  conducting  plate  of  the 
lext,  and  so  on.  For  the  communication  of 
vUat  is  called  the  shock,  to  the  human  body, 
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from  60  to  100  pairs  of  the  single  liquid  copper 
and  zinc  combination,  each  plate  being  three  or 
four  inches  square,  are  necessary.  Tills  would 
also  be  sufficient  to  exhibit  most  of  the  cfTccts  of 
cliemical  decomposition,  and  the  heating  power 
of  the  current,  on  thin  metallic  wires  and  leaves, 
as  also  for  the  feeble  production  of  the  electric 
light.  About  a  dozen  cells  of  Grove's  two  liquid 
combinations  of  a  similar  size  would  produce  the 
same  effects,  and  three  dozen  elements  of  Callan, 
each  exposing  half  a  square  foot  of  zinc,  is  suffi- 
cient to  produce  a  tolerably  brilliant  light  when 
transmitted  through  points  composed  of  the  gas 
coke,  formerly  mentioned,  and  brought  to  touch 
each  other  as  poles. 

The  Galvanic  Battery,  as  is  well  known,  is  now 
an  instrument  of  great  practical  use  in  the  Electric 
Telegraph.  For  this  purpose  the  form  most  gene- 
rally preferred  is  the  simple  copper  and  zinc 
plate,  each  about  three  inches  square,  immersed 
in  a  cell  of  earthenware  or  gutta  percha  containing 
river  sand  moistened  by  the  usual  diluted  sul- 
phuric acid.  This  arrangement  is  called  the  sand 
battery.  It  is  steady  in  its  action,  and,  once  ar- 
ranged, keeps  in  force  about  a  week  without  re- 
quhing  the  acid  to  be  renewed  on  the  sand.  In 
the  offices  of  the  Edinburgh  and  Glasgow  Eail- 
way,  a  battery  of  about  100  such  plates  is  used 
for  the  transmission  of  signals  from  one  city  to 
the  other,  while  in  the  arrangements  of  the  Elec- 
tric Telegraph  Company,  batteries  of  about  from 
1,000  to  2,000  such  plates  are  used,  owing  to  the 
great  distances  over  which  the  signals  must  be 
sent.  In  this  respect,  however,  much  depends 
on  the  state  of  the  weather  and  insulating  condi- 
tion of  the  supporting  posts  for  the  wires,  and 
also  on  the  diameter  of  the  wires  themselves.  On 
this  curiovis  and  interesting  subject,  however,  the 
article  Telegraph  is  referred  to. 

Since  the  prospect  of  a  greatly  extended  use 
of  the  Galvanic  Battery  as  an  illuminatmg  agent 
has  presented  itself,  a  view  of  the  process  depend- 
ing on  the  generality  of  the  connection  of  the 
galvanic  excitement  as  an  attendant  on  chemical 
action  has  led  to  important  results.  It  has  been 
proposed  to  employ  only  such  substances  for  bat- 
teries as  will  produce,  as  a  residue,  materials  of 
commercial  value.  Hopes  are  entertained  that, 
during  the  preparation  of  pigments,  and  in  many 
otherwise  necessary  processes  of  chemical  manu- 
factures, by  proper  arrangements  vast  amounts 
of  electricity  now  uselessly  allowed  to  waste  will 
be  evolved,  in  a  form  fit  for  the  production  of 
light,  or  the  development  of  other  actions  of  value. 
The  mere  mention  of  such  eflTects  suggests  sources 
of  power  for  the  benefit  of  mankind  wliich  cannot 
be  contemplated  with  indifference.  Strange  that 
such  results  should  have  flowed  from  the  convul- 
sion of  a  decapitated  frog!! 

Bear,  drcat  and  liitilc.  Two  constella- 
tions in  the  Northern  Hemisphere.  See  Uusa 
Major  and  Minor. 

II  cU.    A  musical  instrument  in  which  the 
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vibrations  of  the  metals,  when  struclc,  are  the 
direct  cause  of  the  sounds. — (See  Acoustics  ) 
We  can  easily  understand,  according  to  the  laws 
of  acoustics,  how  bells  can  be  constructed,  from 
which  the  same  impacts  will  produce  different 
notes.  Upon  this  depends  themachinerj'-  of  what 
are  called  musical  bells,  which  play  at  certain 
hours  of  the  day.  The  material  of  which 
bells  were  originally  composed  was  in  all  lilceli- 
hood,  merely  cast-iron.  That  novr  used  is  a 
compound  of  80  parts  of  copper,  and  20  of  tin. 
This  is  the  theoretical  proportion;  and  Indian 
gongs  are  made  exactly  in  accordance  with  it. 
In  ordinary  bells  the  proportion  of  copper  remains 
the  same,  but  some  lead  and  zinc  is  substituted 
for  part  of  the  tin.  This  alloj'  is  very  remarkable 
for  its  great  elasticity,  and  therefore  its  great 
capacity  of  somid. 

Bell,  Diving.    It  is  frequently  desirable  to 
raise  objects  from  the  beds  of  rivers  or  lakes,  or 
from  the  sea-bottom;  e.  .(7.  the  processes  of  tishinjU 
for  pearls,  sponges,  corals,  and  other  sub-marine 
products.  Often  again,  it  is  needful,  as  in  laying 
the  foundations  of  piers,  or  in  removing  sunken 
rocks  from  a  channel,  that  we  should  possess  the 
power  of  remaining  under  water  for  a  considerable 
period.    Man  does  not  possess  this  power  natu- 
rally, so  that  he  must  supply  it  by  suitable 
contrivances.    The  longest  time  during  which  a 
practised  diver  can  remain  under  water  is  about 
two  mmutes.    Ordinary  persons  are  not  able  to 
support  such  a  condition  for  more  than  half  a 
minute.  Those  half  savage  tribes  that  are  accus- 
tomed to  water  from  their  infancy,  seem  to  become 
semi-amphibious,  and  can  support  immersion  for 
a  much  longer  time.  The  inhabitants  of  the  South 
Sea  Islands  afford  a  good  proof  of  this.    A  most 
extraordinary  instance  is  related,  on  the  autho- 
rity of  Kircher.    In  the  time  of  Frederic,  King 
of  Sicily  (about  the  commencement  of  the  14th 
centmy),  lived  a  celebrated  diver,  by  name 
Nicholas.    He  was  suruamed,  for  his  powers, 
Pesce  (a  fish).    He  had  fi"om  his  iiifancy  been 
used  to  the  sea  as  a  fisher  for  corals  and  oj^sters. 
He  came  to  be  so  accustomed  to  it,  that  he  had 
been  knoivn  frequently  to  spend  five  Aays  in  the 
waves,  catching  fish  and  eating  them  raw,  for 
liis  subsistence.  He  Avas  in  the  habit  of  carrying 
letters  frequently  between  Calabria  and  Sicily 
(a  very  coarse  passage,  by  the  way).  His  hands 
and  feet  grew  ultimately  webbed,  like  the  feet  of 
a  ffoose,  and  he  became  capable  of  inhaling,  at 
one  breath,  enough  of  air  to  serve  him  for  a 
whole  day!   His  veiy  glorious  career  was  unfor- 
tunately cut  short  by  the  inconsiderate  curiosity 
of  the  king.    His  Majesty  sent  for  him  to  the 
palace;  and  when  Nicholas  had  been  found — 
from  his  unusual  mode  of  living,  tliis  was  not  so 
easily  accomplished— he  came.     Fi-cderic  de- 
sired him  to  explore  the  bottom  of  Charyb- 
dis,  which,  though  imwilHng,  ho  ultimately 
undertook,  upon  the  renewed  solicitation  of  the 
King,  and  his  flinging  a  golden  cup  into  the 
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M'hirlpool,  which  was  to  be  the  diver's  own,  if  be 
could  find  it.  He  dived,  and  after  three  quarters 
of  an  hour,  ro.se  with  the  cup.  He  gave  an  ac- 
count of  the  whirlpool  as  being  lined  with  jagged 
roclcs,  to  which  clung  a  strange  polypous  fish, 
that  stretched  out  its  fibres  in  tlie  most  friglitful 
way  to  catch  him.  Fredei-ic,  not  perl'ectlv 
satisfied  with  the  account,  requested  Niciiolas  to 
re-descend.  Nicholas  allowed  liimself,  by  tlie 
prospect  of  a  stilUarger  cup,  to  be  over-pen^uaded 
— dived,  and  peri.shed.  Every  reader  of  Gcrnian 
l)oetry  v.-ill  remember  Schiller's  exquisite  ballad, 
the  Diver,  which  founds  on  this  legend. 

There  are  two  prime  requisites  in  an  ap- 
paratus for  diving — the  constant  supply  of  air, 
and  the  protection  of  the  body  of  the  diver  from 
too  great  pressure. 

The  first  method  adopted  was  the  very  simple 
one  of  letting  do-\vn  a  heavily  weighted  bell  ver- 
tically into  the  water — the  diver  sitting  in  the 
interior.  As  it  descended,  the  air  got  overpressed 
and  the  water  rose  in  the  bell,  but  never  to  the 
top.  The  man  sat  in  the  top,  above  the  water 
mark,  and  if  the  bell  \vas  large,  could  so  remain 
for  about  an  hour.  The  air  became  gradually 
poisonous  by  his  contiimed  respiration,  and  he 
had  to  be  taken  up. 

Several  e\adent  defects  occur  in  this  instru- 
ment. The  man  is  always  kept  by  it,  at  some 
length  from  the  ground.  He  goes  through  a  pro- 
cess of  inspiration, of  air  constantly  deteriorating; 
and  several  similar  objections  might  be  pointed 
out.  Dr.  Halley's  diving-bell  was  invented  to 
remedy  those  evils.  It  was  of  wood  coated  with 
lead,  and  having  at  the  top  a  strong  glass  win- 
dow, by  which  light  might  be  admitted  to  the 
diver  below.  In  order  to  supply  air,  a  barrel 
was  taken  with  an  open  hole  in  the  bottom,  and 
a  weighted  hose,  hanging  by  and  fitting  into  a 
hole  at  the  top — so  weighted  that  it  would  natu- 
rally hang  below  the  bottom  of  the  barrel.  The 
ban-el  is  let  down  vertically  by  weights,  and  the 
hose  is  caught  hy  one  of  the  men  in  the  bell,  who 
lift  it  up  and  let  the  air  escape  from  the  baiTcI 
into  the  bell,  sending  it  up  when  empty.  A  cock 
lets  off  the  carbonic  acid  formed  by  the  breath- 
ing of  the  divei-,  when  the  air  in  the  bell  gets 
filled  witli  it.  The  bell  is  thus  kept  alwaj-s  filled 
with  air;  and  the  air  kept  constantly  pure. 

Two  practical  difficulties  yet  remained.  When 
the  bcU  descended,  on  a  rough  suiface,  it  wa; 
apt  to  be  caught  on  some  rock  and  tilted  ov; 
from  its  vertical  position — the  air  escajiing; 
and  the  divers  perishing;  and  again,  the  who! 
management  of  the  bell  depends  upon  tlie  people 
above,  so  that  if  the  rope  Avas  broken,  or 
rubbed  against  a  stone,  the  same  fate  awaited 
them.  To  obviate  the  first  difliculty,  Spal- 
ding's diving-beJl  has  a  heavy  weight  at- 
tached to  its  middle  by  a  rope  Avhich  can  be 
raised  or  let  down  as  convenient :  it  is  let  down 
the  moment  that  the  bell  touches  a  rough  spot; 
and  then,  restmg  on  the  ground,  it  relieves  the 
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'  from  its  weight,  and  enables  it  to  rise  up 
1  the  obstacle.  To  overcome  the  latter  dilll- 
\-,  the  boll  consists  of  two  cavities  instead  of 
the  first  or  upper  one  having  lateral  holes 
hich  superfluous  air  may  escape,  and  when 
;icll  goes  do^ro,  this  cavity  is  filled,  by  the 
r  pushing  out  the  air.  AVhen  the  diver 
les  to  ascend,  he  opens  a  small  sci-ew  in  the 
1-  chamber,  which,  admitting  air,  pushes  out 
ivater  from  the  upper  chamber,  so  lightens 
)cll.  and  makes  it  rise.  Trievvald,  a  Swedish 
iiioer,  introduced  further  improvements.  At 
bottom  of  the  sea,  the  light  is  scanty,  and 

'ley's  contrivance  of  a  strong  glass  window  in 
;op,  or  Spalding's,  of  one'on  the  sides,  did  not 

c  so  much  as  was  occasionally  desii'able. 

cwald  made  his  bell  of  copper,  tinned  over  in 
inside,  so  as  to  give  a  very  strong  reflecting 

'  er,  further  mcreasing  this  by  placing  three 
iig  convex  lenses  near  the  top  of  the  bell.  He 
<  added  a  set  of  chains,  suspending  a  plat- 
in,  so  that,  when  not  at  depths  rendering 
pressm-e  inconvenient,  the  diver  might  stand 
a  it  wtli  his  head  just  above  the  water.  He 

ained  in  this  way  the  air  purer  than  he  could, 
itting  quite  drj^  Triewald  arranged  also,  a 
of  tubes  inside,  by  which,  even  if  sitting, 
liver  might  breathe  the  air  nearest  the  bottom 

;ue  bell. 

Halley  noticed  a  very  curious  and  interesting 
Buomenon  in  his  diving  bell.  \Yhile  holding 
hand  In  the  light  coming  through  the  win- 
"  .V  at  the  top,  he  fotind  the  bade  of  it  appear  red, 
!ile  the  palm  of  his  hand,  held  downwards, 
dug  the  water,  and  illuminated  chiefly  by  the 
ht  reflected  from  it,  was  green.  The  explana- 
:ii  was  given  by  Newton.  The  sea-water 
njismits  the  red  rays  of  the  spectnmi  most 

dlly,  and  reflects  most  copiously  the  violet. 
BBcIIoua.  One  of  the  Asteroids.  For  ele- 
7iis,  &c.,  see  Asteroids. 
BBeUows.  When  we  wish  to  direct  a  stream 
air  against  any  object,  an  instnnnent  is  used 
led  the  Bellows.  It  is  of  various  constructions, 
t  the  principle  in  all  cases  is  very  much  the 
Tic.  The  reader  will  readily  understand  it  bj' 
iing  a  pair  of  common  bellows  in  his  hand, 
d  commencing  to  use  them.  The  bottom  lid, 
plate  of  wood,  is  supplied  with  a  valve  opening 
ly  inward,  and  shuts  when  the  bellows  are  not 
use,  by  its  own  weight.  Closing  also  the  pipe 
the  bellows,  Is  a  valve,  which  opens  outward 
ly  "Wlien,  then,  he  pulls  asunder  the  plates 
the  bellows,  the  air  attempts  at  both  places 
enter,  in  order  to  supply  the  empty  space  thus 
ide.  The  valve  at  the  mouth,  opening  out- 
»rd  only,  v/ill  be  shut  by  this  rush  of  air;  the 
Ive  in  thebottom  plate,  opening  inward,  will  ad- 
it It.  Wlien  enough  air  has  been  admitted,  he 
ueezes  the  plates  again  together.  The  air  seeks 
avoid  the  compression  by  escaping  through 
e  valve,  and  the  rush  of  air  closes  the  bottom 
live,  which  docs  not  open  outward,  and  opens 
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the  valve  at  the  nozzle  of  the  bellows.  The  air 
whicli  is  thus  talccu  from  the  ordinary  atmos- 
phere by  which  the  bottom  valve  is  surrounded, 
is  directed  witli  considerable  velocity  through  the 
nozzle  to  anj'  point  whether  we  desire  to  transmit  it. 

In  using  the  bellows  for  large  furnaces,  it  was 
found  that  the  Inconstant  blast  thus  supplied  was 
a  source  of  considerable  loss  of  advantage.  The 
fire  receiving  the  cm'rent  of  air  burned  violently 
for  the  moment  (oxygen  being  supplied  as  fast  as 
consumed),  and  next  moment  lost  much  of  its 
heat.  It  was  impossible  thus  to  use  the  bellows, 
when  it  was  desired  to  subject  a  body  to  a  con- 
stant heat.  To  prevent  this,  t-wo  bellows  were 
for  some  time  employed — one  of  whicli  was  filling 
with  air  while  the  other  was  exhausting  it.  This 
secured  the  desideratum  of  a  permanent  supply 
of  air,  but  it  did  not  sufiiciently  secure  a  uniform 
supply — because  the  air  emitted  at  one  part  of 
the  compression  of  such  bellows  could  not  alwaj-s 
be  the  same  In  amount  with  that  emitted  at  an- 
other. The  instrument  which  we  engrave  is  per- 
haps the  best  and  the  simplest  of  those  employed 
for  the  removal  of  this  defect. 


R  p  is  a  piston  wrought  generally  by  a  steam- 
engine — where  convenient  hj  a  water-wheel,  u 
and  u  are  the  places  where  the  air  enters  by 
pushing  the  valves  which  open  in\vards,  but  not 
outwards.  At  u'  and  u'  there  are  valves  whicli 
open  outwards  (communicating  with  the  tube  o), 
but  not  inwards,  so  as  not  to  permit  tlic  air  once 
collected  there  to  drive  back  again.  When  the 
piston  descends  tlie  valve  u  admits  air,  and  the 
valve  u'  expels  air  previously  admitted  into  the 
under  part  of  the  cylinder.  When  the  piston 
ascends,  u  admits  air,  and  u'  expels  that  admitted 
in  the  descent.  Air  is  thus  collected  in  o,  and 
emitted  at  a  uniform  prcssm-e,  and  with  uniform 
velocity,  therefore,  by  a  stop-cock  or  a  valve  in  the 
9- 
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pipe  o,  leading  to  tlie  object  upon  wliicli  the  air 
is  to  be  driven. 

One  objeclion  to  tlie  process  described  cannot 
fail  to  be  evident.  It  is  tliis— tliat  tiie  cold  air 
constantly  snpplied  will  be  a  constant  source  of 
cooling  to  the  furnace.  It  is  indispensable  to 
the  continuance  of  the  flame  that  air  should  be 
supplied;  and  as  many  operations  in  the  arts 
require  the  highest  temperatures  that  can  be 
reached,  it  became  necessary  to  destroy  this 
effect  of  the  admitted  air  without  destroying  its 
power  of  supporting  combustion.  The  method 
adopted — the  Hot  Blast — requires  merely  the  heat- 
ing of  the  air  before  admission  into  the  furnace. 
In  this  way  there  is  a  constant  temperature  pre- 
served, as  well  as  a  constant  supply  of  oxygen. 
The  Hot  Blast  is  now  almost  universally  adopted, 
as  it -affords  this  very  important  advantage,  and 
that  with  greater  economy  of  fuel,  than,  with 
the  older  forms  of  Bellows,  was  possible  for  the 
furnace.  The  details  of  apparatus,  &c.,  will  be 
found  in  works  on  Metallurgy. 

Belt.  See  Saturn  and  Jupiter  for  an  ac- 
coimt  of  the  planetary  rings  and  belts. 

Bctclgcuse.  The  brightest  star  in  the  con- 
stellation Orion.    It  is  of  the  first  magnitude. 

Binocular.    See  Telescope  and  Vision. 

Binomial  (Technical.)  A  Binomial  is  an 
Algebraic  quantity  composed  of  two  parts  sepa- 
rated by  the  signs  of  addition  or  subtraction. 
The  theorem  for  the  development  of  binomials — 
the  binomial  theorem  of  Newton,  which  is  engraved 
on  his  tomb,  as  being  one  of  the  most  beautiful 
of  his  discoveries,  we  merely  give  here,  without 
proof.  A  demonstration  of  it  will  be  found  in 
any  good  elementary  work  on  Algebra.  It  is 
this : — 


(a  +  b)"  =r  a"  -|-  n  .  a"-!  b  + 


n 


a»-2  b2  &c. 


n—  1 
2 


n  —  m  —  2 


m—  1 


Bissextile.  The  natural  measure  of  time  in 
small  portions  is  the  interval  between  two  suc- 
cessive returns  of  the  sun  to  the  meridian.  A 
measure  no  less  natural  than  the  day  is  for  the 
smaller  portions,  is  provided  by  the  year  for  the 
larger  portions.  Upon  the  civil  year,  tlie  interval 
between  the  sun's  appearances  on  the  same  point 
of  the  ecliptic,  depend  the  variations  of  the  sea- 
sons. The  year  contains  3G5  days,  5  hours,  48 
minutes,  50  seconds.  Suppose,  then,  the  year 
and  the  day  to  begin  at  once  this  year — next  year 
will  commence  at  5"  48'"  50"  a.m.;  and  when 
we  calculate  the  number  of  days  from  the  com- 
mencement of  the  year  for  any  purpose,  we  should 
get  confused  between  these  and  the  ordinary  day 
from  meridian  passage  to  meridian  passage.  The 
year  must  thus  somehow  be  got  to  be  considered 
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for  social  purposes  as  commencing  with  the  d.iv, 
or  very  great  confusion  will  arLse.  Julius  CwsLr 
saw  this,  and  appointed  tliat  in  every  fourth  year 
thci-e  should  be  two  days  both  reclioned  as  the 
24th  Feb.,  and  that  the  months  should  stand  as 
we  have  tliem  now — February  by  this  reckoning 
having  really  every  fourth  year,  29  days,  and 
being  considered  to  have  only  "28.  This  gave 
for  three  successive  years  365  days,  and  for  the 
fourth  366.  Ccesar  thought  that  thus  a  cure 
would  be  provided  for  the  evil,  and  that  once  in 
every  four  years,  the  commencement  of  the  phy- 
sical year  and  physical  day  w'ould  coincide.  The 
24th  of  February  Avas  called  "sextus  Calendas 
Martii,"  and  hence  tire  year  which  doubled  tl)is 
day  Avas  called  "  bis  sextus  Calendas  Martii," 
and  we  call  it  bissextile  or  leap  year.  This  idea 
of  doubling  the  day  is  legally  affirmed  by  a  sta- 
tute of  our  own  Henry  III.  Had  the  yenr  been 
365  days  6  hours  long,  Caesar's  anticipations 
would  have  been  verified;  and  though  it  was 
nearly  so,  yet  the  little  errors,  constantly  accu- 
mulating in  the  same  direction,  threatened  serious 
inconvenience — tending  to  make  our  year  com- 
mence in  spring  instead  of  winter,  and  destroy- 
ing the  value  of  the  weather  maxims  for  the 
month,  on  which  the  fanner  and  manj'  others 
rely.  When  Pope  Gregory  XIII.,  in  1582,  re- 
formed the  Calendar,  the  leap  year  had  gone  on 
about  11  da^'s  before  the  true  year,  and,  in  con- 
sequence, there  seemed  to  be  a  slow  retrogression 
of  the  seasons.  To  prevent  this,  and  to  render 
the  positions  of  the  seasons  permanent  in  the 
year,  except  so  far  as  physical  causes  might  ope- 
rate, it  was  enacted  that  so  many  days  should 
be  passed  over,  and  the  mischief  already  done 
thus  repaired.  Provision  was  also  made  against 
new  danger  of  a  similar  sort.  It  was  decree! 
that  each  centurj',  which  is  naturally  a  le;ijj 
year,  should  be  an  ordinary  year,  except  those 
centuries  the  number  of  v/hich  should  be  a  mul- 
tiple of  four.  The  effect  of  this  was  that  IGOO 
was  a  leap  year— that  1700,  1800,  1900  are 
not,  although  divisible  by  four — that  2000  is, 
and  so  on.  The  average  year  thus  procured  i^?- 
365  days  -j-  |  day  (due  to  leap  year) — 
(due  to  the  three  years  in  the  400,  which  oug 
to  be  leap  years).  This  would  give  a  year 
365  days,  5  houi-s,  49  minutes,  12  seconds.  Tb 
coiTcction  requisite  to  reduce  to  a  true  year  woulit 
be  22  seconds,  and  there  would  not  be  an  erro^ 

of  a  day  therefore,  for      ^      ^  years, 

3927  years.  If  it  be  further  enacted,  when 
occasion  calls  for  it,  that  each  4000th  j-ear  shatP 
be  an  exception  to  the  exception  to  the  rule  o£ 
leap  years,  a  similar  calculation  would  show  thw 
error,  per  annum,  on  an  average  to  be  ^  of  a 
second,  and  an  eiTor  of  one  day  would  not  occur 
in  216,000  years. 

Blnck.  The  absence  of  all  capacity  of  re- 
flecting colour  constitutes  a  perfect  black.  See 
Colours. 
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Kloc-k  of  Pnllcys.    See  Pulley. 
iiUu:    One  of  the  seven  primary  colours, 
■c  Colours. 

SSotlc'M  I.aw  of  the  Distances.  This  law, 
;  it  is  termed,  expresses  a  very  curious  relation 
noug  the  distances  of  the  several  planets  of  our 
liar  system  from  the  sun ;  and  of  the  satellites 
oin  their  primaries.  It  is  wholly  empirical,  i.e., 
e  know  no  physical  origin  or  cause  for  it; 
n-ertheless,  and  notwithstanding  the  existence  of 
<ceptions  or  irregularities,  it  assuredly  does  point 
1  some  conditioned  arrangement  in  our  system. — 

With  regard  to  the  planets  and  the  sun,  the 
w  may  be  presented  as  follows : — Write  the 
allies  of  the  planets  in  a  line,  and  under  each 
lace  the  number  4.  Beneath  the  4  under  Mer- 
iry  place  0 ;  beneath  the  4  under  Venus  write 
;  beneath  the  4  under  the  Earth  write  twice  3 ; 
eiieath  the  4  under  Mars  four  times  3  ;  then 
f/ht  times  3,  and  so  on.  Add  their  several 
ilumns  as  under : — 

Mer.  Ven.  Earth.  Mars.  Ast.    Jup.    Sat.  Uran.  Nept 

444444444 
0     3     6    12    24    48    96  192  384 


4 

3-9 


7 

7-3 


10 

10 


16  28 
15-2  27-4 


62  100  196  388 
52  95-4  192  300 


he  numbers  in  the  lower  line  are  the  actual  dis- 
inces  of  the  p'anets  from  the  sun,  on  the  scale 
iiat  the  earth's  distance  is  10.  The  general  con- 
irmity  is  too  great  to  result  from  accident  The 
sistence  of  the  Asteroids  at  distance  27-4  was 
■redicted  by  Olbers,  through  consideration  of 
!  ode's  Law,  because  of  the  gap  between  Mars 
nd  Jupiter.  The  grand  breach  of  the  Law  is  in 
he  case  of  Neptune,  a  breach  which  might  be 
xplained  if  we  knew  the  cause  or  physical  origin 
f  the  Law  itself. — II.  A  principle  of  order  quite 
orresponding,  although  in  its  indices  somewhat 
lifferent,  may  be  traced  in  the  only  two  groups 
f  satellites  with  which  we  are  yet  fully  ac- 
[uainted.  First,  with  regard  to  the  satellites  of 
lupiter.  The  constant  number  here  is  7;  the 
lumber  to  be  multiplied,  4 ;  and  the  multiplier, 
'.k.  Notice  the  correspondence  as  below — the 
^  IJoman  letters  indicate  the  satellites:  

L        IL      nr.  IV. 

7  7  7  7 
0       4     10  25 


7     11      17  32 
tTraedist.,    69    11    17-6  31 

^condhj,  as  to  the  satellites  of  Saturn,  llie  con- 
tatant  number  in  this  case  is  4,  and  the  other 
uparts  of  the  series  very  simple,  viz. : 

I.    II.   in.  IV.   V.    VI.  VII.  VIII. 
44444444 
0     1     2     4     8    IG    32  64 


4     5     6     8    12    20    SO  08 

Tru6"j 

di^t. \^  7-9  11-1  25.7  33  74 
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There  is  considerable  irregularity  in  ca.te  of 
the  last  three  satellites;  but  is  it  not  some  com- 
pensation, that  the  lately  discovered  satellite, 
Hyperion,  or  the  seventh,  might  have  been  sus- 
pected to  exist,  as  well  as  the  Asteroids,  because 
of  the  gap  between  the  sixth  and  eighth,  as  indi- 
cated by  this  Law  ? — Of  the  satellites  of  Uranus 
it  would  be  premature  at  present  to  conclude 
anything. 

Boiling.    See  Ebullition. 

Bomb.  A  hollow  globe  of  iron  filled  with 
powder,  shot  otf  from  a  mortar,  and  bursting  by 
aid  of  a  fusee,  which  is  lighted  when  it  goes 
off,  but — being  made  of  slowly  consuming 
paper — does  not  reach  the  powder  till  the  bomb 
falls.  Bombs  are  generally  ten,  twelve,  or 
eighteen  inches  in  diameter.  Luminous  bombs 
are  used  to  illuminate,  or  serve  as  signals.  The 
invention  of  bombs  is  claimed  for  the  Venetians 
as  early  as  1376,  but  other  authors  name  Mala- 
testa,  prince  of  Florence,  as  the  inventor. 

SSootes.  (Bore,  an  ox).  The  hei'dsman.  One 
of  the  ancient  constellations.  It  is  frequently 
called  Arctophj'lax  by  the  ancients  (the  guard 
of  the  bear).  Bootes  is  represented  as  a  man 
with  a  club  in  the  right  hand,  holding  two  dogs 
by  a  leash  in  the  left,  Arcturus,  of  the  first 
magnitude,  is  the  principal  stai*. 

XSosco^-icEi's  Theory.  A  remarkable  specu- 
lation by  an  illustrious  Italian,  concerning  the 
ultimate  constitution  of  Matter.  As  it  has  fre- 
quently and  profoundly  affected  the  structure  of 
physical  theories,  it  is  right  to  advert  to  it  here. 
Looking  at  matter  as  resolved  into  its  ultimate 
Atoms,  Boscovich  imagines  that  each  ultimate 
Atom  may  exist  to  any  other  Atom  in  various 
relations ;  the  actual  relation  in  which  they  do 
exist  towards  each  other,  depending  chiefly  on  the 
interval  between  them.  „ 
The  curious  subject  is 
best  illustrated  by  a 
diagi-am.  Let  there  be 
two  atoms,  a  and  b.  At 
gi-eat  distances  these  are 
affected  towards  each 
other  by  the  attraction 
or  affection  termed  gra- 
vitation; which  affec- 
tion, increasing  as  b 
approaches  a  (within 
sensible  distances),  may  b' 
be  represented  b}'  the 
curve  above  the  line 

from  B  to  b' — the  ordinates  of  which,  indicating 
the  force  of  the  attraction,  increase,  accord- 
ing to  the  well-lcnowii  law,  as  b  approaches 
A.  Suppose  that  at  b'  terminates  the  space  of 
sensible  distances,  and  the  purely  atomic  forces 
begin  to  act.  Tiiese  atomic  forces  cannot  be  all 
attractive;  nay,  the  ultimate  one,  bct^vccn  and 
A',  must  be  a  rc])ulsive  one,  as  represented  by  a 
curve  below  the  line  a  b  ;  for,  if  it  were  not,  the 
two  Atoms  might  be  made  to  coincide,  or,  what 
81  G 
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18  the  same  thing,  matter  would  not  be  impene- 
trable. But  between  b''  and  b'  there  may  be  not 
one  transition  only,  but  several,  from  attraction 
to  repulsion ;  as  hypothetically  indicated  by  the 
curve  in  the  diagram.  At  any  distance  at  which 
the  cwvo  is  above  the  line  a  b,  the  two  atoms 
will  be  mutually  attractive,  and  the  body  they 
form  will,  according  to  Boscovich,  be  solid.  At 
any  of  those  distances  when  the  curve  is  below 
the  luie,  the  particles  would  repel  each  other,  and, 
according  to  Boscovich,  constitute  gas,  or  per- 
manently elastic  fluid;  while,  when  the  second 
particle  is  at  b',  e",  b'",  &c.,  they  would  be  to 
each  other  in  a  condition  of  indifference,  and 
would  thus  constitute  a  liqidd.  The  Italian 
philosopher  presented  it  as  the  ultimate  aim  of 
physical  inquiry  to  detect  all  the  windings  of  this 
hypothetical  cun^e,  and  define  the  nature  of  its 
branches.  One  thing  his  conception  would  indi- 
cate as  possible,  viz.,  the  transformation  of  one 
apparent  description  of  matter  into  another,  inde- 
pendently  of  chemical  change.  For  instance,  if 
the  two  atoms,  in  the  different  positions  of  a  b», 
A  b'^,  a  b'",  a  b",  and  A  b',  constitute  liquids, 
these  could  not  be  the  same  liquids;  so  that 
transmutation  might  be  effected  through  mere 
change  of  relative  position ;  and  so  as  to  those 
various  positions,  constituting  solids  and  elastic 
fluids. 

Boyle's  Iiaw.    See  Mabriotte. 

BrachysJocbroiic.  The  name  of  the  curve 
connecting  two  points  along  which  a  body  de- 
scending would  fall  most  rapidly.  The  cychid 
would  be  such  a  curve  if  there  were  no  resistance 
of  Air.  John  Bernouilli  first  proposed  the  prob- 
lem of  the  Brachystochrone  in  1696. 

Breast  Wheel.    See  Water  Wheels. 

Brewster's  Ijavr.  The  optical  law,  gener- 
ally so  named,  is  this — the  tangent  of  the 
angle  of  polarization  is  equal  to  the  refractive 
index  of  the  polarizing  material.  This  re- 
quires manifestly  that  the  line  of  the  reflected 
ray,  when  polarized,  should  be  perpendicular  to 
that  of  the  refracted  ray.  There  are  several  other 
optical  laws  discovered  by  Brewster,  and  passing 
current  under  his  name.  They  have  generally 
been  merged  in  higher  laws. 

Bridges.  The  principles  upon  which  ordi- 
nary bridges  must  be  constructed,  in  order  to 
secui-e  their  stability,  have  been  already  given  in 
the  article  Ancir.  Certain  data  there  referred  to 
—such  as  the  strength  of  the  Avood  or  iron,  or 
stone,  of  which  the  mass  of  the  bridge  is  com- 
posed, to  resist  the  strain  made  by  the  Aveight  of 
the  parts  above  it,  and  by  the  loads  passing  over 
the  bridge— are  discussed  under  STnENGTii  of 
Materials.  We  shall  in  this  article  give  a 
brief  account  of  some  points  connected  more  with 
the  practical  art  of  bridge-making  than  with  the 
theory  of  bridges,  but  still  depending  upon  that 
theory  and  illustrating  it. 

Bridges  are  either  fixed  or  moveable.  The 
latter  are  sometimes — as  drawbridges— con- 
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structed  on  the  ordinary  principles  of  the  fixed 
bridge.  They,  in  fact,  are  fixed  bridges,  but  one 
part  of  their  mass,  instead  of  resting,  as  usual,  on 
immovable  props  in  the  earth,  is  connected  with 
it  by  props  which  are  jointed  to  such  immovable 
portions,  and  in  which  the  jointing  may  be  re- 
moved as  occasion  requires.  What  are  called 
flying  bridges,  floating  bridges,  bridges  of  boats, 
&c.,  depend  upon  quite  other  principles,  and  are 
really  altogetlier  different  in  character  from 
the  ordinary  bridge.  Tliey  are  boats  of  a  pecu- 
liar construction  merely ;  fitted  with  contrivances 
like  the  gangway  of  a  steam-boat,  which  they 
carry  about  with  them,  and  apply  easily  to" 
shores  of  any  height ;  thus  affording  ready  pas- 
sage from  these  shores  to  the  boat.  They  are,  in 
fact,  mere  ferry-boats,  with  gangways  attached,' 
sometimes  having  a  smooth  deck,  with  no  sails 
or  rigguig,  and  constituted  by  nailing  planks 
above  two  or  three  boats  placed  together.  They 
are  generally  drawn  across  the  stream  by  pul-- 
lej's,  and  ropes  fastened  over  it. 

There  are  three  descriptions  of  pier  bridges. 
These  are  the  ordinary  bridge  •«ath  piers,  the  sus- 
pension bridge,  and  the  tubular  bridge. 

Considering  then  the  fixed  bridge,  and  pro- 
ceeding in  the  order  of  their  construction  along 
its  various  parts,  we  shall  understand  where  the 
mathematical  principles  of  the  theory  of  arches 
must  be  applied,  and  comprehend  generally,  the 
other  principles  upon  which  the  art  of  bridge- 
making  rests.  In  choosmg  which  kind  of  bridge 
ought  to  be  thrown  over  a  particular  space,  there 
are  certain  e\adent  considerations  to  be  attended 
to, — for  instance,  the  kind  of  traffic  for  which  it 
is  needed.  Thus,  a  suspension  bridge,  admirably 
adapted  for  foot  passengers  across  a  wide  chan- 
nel, would  Aabrate  too  much  if  locomotives  were 
to  pass  over  it.  Again,  for  example,  a  bridge  over 
the  Clyde  must  be  so  constructed  that  ordinary 
boats  can  pass  one  another  beneath  its  arches; 
and  this  will  require  a  somewhat  wider  arch  than 
might  have  been  found  otherwise  desirable.  For 
such  ends  suspension  bridges  are  admirably 
adapted — giving  the  whole  width  of  channel,  and 
not  affording  any  obstruction  to  free  passage,  if 
the  boats  can  lower  their  masts.  Further :  where 
we  have  a  channel  too  wide  for  an  ordinary  pier 
bridge  to  be  tlu-oAvn  over  it  without  great  diffi- 
culty and  enormous  expense,  and  too  deep  to 
permit  us  to  get  readily  at  the  foundations  of  our 
piers ;  and  also  requiring  that  navigation  of  all 
sorts  be  permitted  freely  to  pass  below,  even 
where  the  masts  cannot  be  lowered;  and  de- 
manding, further,  that  locomotives  pass  over  it, 
we  are  driven  to  the  construction  of  a  tuhiihr 
bridge.  The  nature  of  the  soil,  too,  on  which  the 
foundations  of  piers  must  be  laid,  requires  to  be 
known,  as  a  first  element  of  the  calculation.  If 
we  cannot  secure  such  a  soil  near  the  ])oint  where 
we  wish  to  construct  our  bridge  as  will  suit  our 
purposes,  we  have  either  to  obtain  an  artificial 
foundation,  by  gratings  and  other  contrivances, 
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or  arc  driven  to  tlie  nso  of  a  suspension  bridge. 
Still  further,  it  is  a  point  of  importance  to  consi- 
der the  exact  position  of  the  bridge,  with  refer- 
ence at  once  to  the  soil  at  its  two  extremities, 
and  to  the  convenience  of  traffic.    Where,  for 
example,  a  bridge  is  to  be  thrown  over  between 
rlie  mouths  of  two  streets,  both  ending  at  the 
water-side,  we  have  no  choice;  and  if  the  line 
l  etween  them  be  oblique  to  the  course  of  the 
Avater,  the  bridge  must  be  oblique  also.  Where 
choice  is  left,  we  should  never  constmct  a  bridge 
inclined  to  the  line  of  the  current.    The  reason 
is  sufiiciently  e\'ident.    The  whole  value  of  a 
pier  bridge  depends  upon  the  stability  of  the  piers 
in  their  position.    Hence  everything  that  can 
bring  unnecessary  strain  on  these  piers  must  be 
avoided.    But,  an  oblique  current,  as  in  the 
first  figure  in  figui-e  1, 
would  strike  against  the 
jiier,  not  as  in  the  second, 
■with  the  force  of  the  mass 
of  water,  c  c',  while  the 
other  water  flowed  along 
tlie  side  of  the  pier  and 
through  below  the  arch 
qiiietly,  but  with  the  force 
of  the  additional  mass  cc" 
super-added.  Hence,  with  such  an  obliquity  there 
^vould  be,  in  addition  to  the  pressure  of  the  su- 
perincumbent weight  of  the  bridge  and  passen- 
gers pressing  on  the  pier,  and  the  concussion  due 
to  the  rush  of  water  beneath  striking  on  the  pier, 
and  of  the  same  width  as  it,  also  the  concussion 
due  to  the  mass  c  c"  to  be  sustained.    Not  only 
■would  this  affect  the  pier  directly,  but  the  violent 
repulsion  of  so  large  a  mass  of  water,  c'  c  c", 
■iv  ould  produce  eddies  about  the  pier,  and  these 
isnd  to  undermine  the  foundations  upon  which 
the  pier  rests. 

Sometimes,  however,  in  spite  of  these  objec- 
tions, oblique  bridges  become  advisable — for  ex- 
ample, when  we  cannot  obtain  otherwise  a  good 
foundation,  and  can  thus  obtain  one  on  rock — al- 
^vays  the  best  for  such  a  structure.  Practically 
indeed  the  objection  of  greater  expense  from  the 
greater  length  is  the  principal  one,  for  most 
liridges  on  a  tolerably  good  foundation  will  sup- 
[lort  a  rush  of  water  many  times  as  great  as  that 
to  which  the  front  of  the  piers  is  usually  ex- 
■.posed. 

We  have  spoken  of  the  piers  in  the  water. 
I'These  are  the  sources  of  greatest  difficulty  and 
danger  in  the  formation  of  bridges.  To  bridges 
placed  over  a  road  or  narrow  street  no  piers  are 
necessary  except  at  the  extremities;  when  a 
line  of  railway  for  example  crosses  a  dry  road, 
piers  are  far  more  easily  constructed  than  in  case 
of  the  ordinary  bridges. 

The  form  of  the  arches  itself,  is  of  inferior 
consequence.  Many  bridges  have  been  swept 
away  from  the  effects  of  the  water  in  undermin- 
ing their  piers;  while  but  few  accidents  have 
resulted  from  the  adoption  of  arches  not  scientifi- 
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cally  constructed.  We  can  readily  understand, 
moreover,  how  expensive  a  proceeding  it  fre- 
quently must  be  to  find  a  good  foundation  for 
piers,  in  the  middle  of  a  rapid  and  tolerably  deep 
current.  The  workmen  cannot  work  under  water 
well;  or  if,  by  the  diving-bell,  tliey  do  work 
under  water,  it  is  slowly  and  laboriously.  An- 
other difficulty  also  presents  itself  very  fre- 
quently in  the  soil  in  the  beds  of  rivers — often 
consisting  of  a  light,  loose,  sandy  material,'6n 
which  it  is  unsafe  to  rest  any  substance  which 
wUl  press  heavily  upon  it.  In  these  cases  it  is 
usual  to  create  a  sort  of  artificial  foundation. 
The  present  ordinary  mode  is  by  what  is  techni- 
cally called  a  coffer-dam — a  hollow  space  formed 
by  a  double  range  of  pUes,  -with  clay  rammed  in 
between.  Hence,  it  is  a  prime  object  with  the 
engineer  to  lessen  as  much  as  possible  the  num- 
ber of  piers. 

Piers  have  an  unfortimate  tendency,  also,  to 
catch  floating  wood,  ice,  &c.,  drifted  down  by 
the  stream,  and  so  to  submit  the  mass  of  the 
bridge  to  more  violent  shocks,  and  to  impede  the 
navigation  of  the  river. 

The  Putney,  and  Battersea,  and  Vauxhall 
Bridges  over  the  Thames,  afford  examples  of  all 
the  clumsiness  of  appearance,  and  practical  incon- 
venience of  the  numerous  piers  that  were  once 
customary — besides  having  this  added  to  then- 
list  of  faults,  that,  being  in  a  navigated  river, 
they  impede  the  passage  of  boats,  and  have  there- 
by fi-equently  proved  som'ces  of  extreme  danger. 
The  more  modem  construction  of  Southwark  and 
New  London  Bridges  displays,  in  its  striking 
contrast,  very  forcibly  the  position  which  we 
have  been  maintaining. 

Sometunes  —  indeed,  pretty  frequently,  the 
danger  arising  from  the  use  of  too  narrow  arches 
accrues  to  the  bridge  itself,  as  much  as  to  the 
passengers  below  it,  by  narrowing  the  effective 
passage  way  of  the  stream.  But  as  the  same 
volume  of  water  as  before  requires  to  pass  where 
the  bridge  is  placed,  the  water  must  flow  vnth 
much  greater  velocity  through  the  bridge ;  that 
increase  increasing  with  the  increasing  space 
occupied  by  the  piers.  But  this  increase  of  the 
velocity  of  the  water  tears  a  large  quantity  of  soil 
away  with  it,  and  deepens  the  stream.  An 
undermining  of  the  foundations  of  the  piers 
talies  place ;  and  careful  and  sound  construction 
alone  can  check  this. 

A  bridge  of  Smeaton's  constniction  at  Hexham 
was  swept  away  on  the  occasion  of  a  violent 
flood,  partly  in  consequence  of  this  defect.  The 
immense  sheet  of  water,  whirling  down  trees  and 
stones,  caught  on  the  numerous  piers,  then  thought 
necessary  for  the  stability  of  the  bridge,  and 
finally  swept  it  off. 

Engineers  sometimes  make  the  space  between 
the  piers  unnaturally  wide,  to  avoid  this  very 
defect.  A  small  island  in  the  middle  of  the 
stream  over  which  the  bridge  at  Pont  de  Neu- 
illy  was  to  pass,  was  removed  for  symmetry, 
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and  very  few  piers  were  erected.  The  current, 
whicli  iiad  formerly  ran  with  considerable  vio- 
lence tlirough  the  narrow  space  between  the  shore 
and  the  island,  had  now  the  space  widened.  The 
removal  of  the  island  more  than  made  up  for  the 
insertion  of  the  piers.  In  consequence,  the  stream 
ran  more  sluggishly  than  before,  and  the  equili- 
brium being  dlstm-bed  in  this  direction,  the  bed 
of  the  river  began  to  fill  up — becoming  shallower 
and  shallower  by  the  formation  of  a  deposit  from 
the  sides  greater  than  was  carried  away  by  the 
current.  In  consequence  of  inequalities  in  the 
bed  of  the  river,  one  side  has  become  ahnost  silted 
up  by  this  alluvial  deposit,  and  the  arches  there 
closed.  The  navigation  on  one  side  being  thus 
seriously  impeded,  boats  are  driven  to  the 
other  channels.  There  they  meet  with  a  current 
which  has  become  alarmingly  rapid.  The  silting 
up  of  this  portion  of  the  bed  has  left  a  very  small 
portion  passable,  and  through  this  the  mass  of 
•water  runs  violently,  deepening  it  much,  and 
rendering  navigation  dangerous,  at  the  same  time 
that  it  permits  the  formation  of  a  sort  of  lagoon 
at  the  side,  which  ^nl\  gi-adually  deposit  more 
and  more  of  the  clays  and  mud  that  at  present 
choke  up  the  river. 

In  the  construction  of  bridges,  there  are  Jive 
important  points  to  be  considered.  The  choice  of 
their  position ;  the  vent  or  egress  to  be  allowed 
to  the  river;  the  form  of  the  arches;  the  size  of 
the  arches ;  the  breadth  of  the  bridge. 

The  first  of  these  points  is  determined,  as  we 
have  already  pointed  out,  by  economical  consi- 
derations— snch  as  the  nearness  to  a  roadway; 
the  convenience  and  security  of  a  foundation ;  the 
convenience  of  approach;  the  necessity  of  leaving 
a  free  passage  in  a  navigable  river,  and  the  like. 
The  second  depends  very  much  upon  the  deter- 
mination of  the  velocity  of  the  stream.  This 
iraries,  indeed,  at  different  times  It  is  generally 
greater  in  winter,  and  especially  at  a  time  of 
floods,  than  in  summer,  when  the  water  is  gene- 
rally low.  It  is  not  the  method,  however,  to 
take  the  mean  velocity  for  the  year  as  the  datum 
from  -which  the  bridge  is  to  be  constructed.  It 
must  be  built  so  as  to  be  able  to  bear  the  heaviest 
stress  to  M-hich  itynll  be  subjected — capable  of 
sustaining  the  shock  of  a  mass  of  water  greater 
than  ordinary  coming  down  with  unusual  velo- 
city. In  fact,  this  is  one  of  the  fundamental 
points  in  the  construction  of  a  bridge— that  it 
allow  a  free  passage  through  its  arches  to  the 
waters  of  such  sudden  floods  as  the  river  is  liable 
to,  and  that  its  arches  be  sufficiently  strong  them- 
selves to  resist  tlie  violence  of  these  attacks.  This 
latter  has  been  already  alluded  to,  and  the  neces- 
sity for  a  firm  foundation  consequent  upon  that 
pointed  out.  Another  caution  evidently  suggests 
itself.  It  is  this— that  the  top  of  the  intrados 
(as  it  is  called,  namely,  the  itmcr  curve  of  the 
arch)  be  considerably"  above  llio  level  of  the 
highest  water  mark  which  the  river  make^,  even 
on  the  exceptional  occasion  of  inundation.    If  it 
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be  not  so,  it  would  clearly  result,  that  in  an  in- 
undation continuing  for  any  length  of  time,  the 
bridge  would  in  the  first  place,  by  checking  the 
■water  entirely,  cause  a  flood  over  of  the  adjacent 
country;  and  in  the  second  place,  such  an  enor- 
mous pressure  would  be  brought  against  it  liy 
the  constant  downward  rush  of  the  upper  stream 
that  no  bridge  of  any  excellence  of  construction 
could  stand  against  it  long,  or  help  being  severely 
injured  by  the  continuance  of  such  a  flood  even 
for  the  shortest  period. 

To  avoid  sucli  evils,  necessitates  frequently  the 
building  of  the  bridge  in  places  where  the  banks 
are  pretty  high,  or  the  construction  of  artificial 
mounds  to  serve  in  the  same  way,  with  ex- 
pensive works  for  the  convenience  of  approach. 
The  old  method,  wliich  made  the  bridge  rise 
at  the  top  very  much  like  a  semicircle,  is  entirely 
given  up  in  modem  bridges,  as  unsuited  to  the 
necessities  of  the  great  traffic  which  they  must  all 
now  be  able  to  support.  But  this  is  not  the  only 
way  of  avoiding  this  inconvenience.  It  arises  as 
much,  indeed,  on  ordinary  occasions,  from  the 
greater  or  less  pressure  in  high  floods,  due  to  the 
form  and  position  of  the  arch. 

Thus  take  two  arches  (fig.  2)  of  the  same  form, 


but  the  one  built  on  such  a  pier,  that  at  high  water 
— represented  in  the  figure — the  water  just  reaches 
A,  which  is  called  the  springing  of  the  arch  or  point 
from  which  it  commences,  while  in  the  other  the 
pier  is  so  low  that  it  reaches  the  line  p  t  s — the 
water  being  at  the  same  height  in  the  two  cases, 
and  the  arches  of  the  same  form — the  only  dif- 
ference being  in  the  height  of  the  piers  in  each 
case  respectively.  In  the  first  instance,  the 
water  catches  on  the  space  p  t  b  d.  In  the  other, 
only  on  the  space  abed.  There  is  therefore 
much  less  hold  given  to  the  descending  stream 
in  the  one  than  in  the  otlier — that  is,  it  has 
much  less  force  to  push  the  upjier  part  down  the 
stream,  and  so  overturn  it.  In  a  bridge  con- 
structed like  the  first  specimen  above,  a  very 
little  rise  above  the  ordinary  flood  mark  would 
insure  all  the  calamllies  already  described;  and 
the  sweep  of  the  water  on  so  large  an  extent  of 
the  building  would  produce  a  violent  unsettling  of 
its  foundations,  along  with  a  multitude  of  eddie-s, 
from  tlie  large  mass  of  water  which,  unable  to  pass 
the  bridge,  is  thrown  back  every  moment  in  vio- 
lent conflict  with  tlie  descending  current.  These 
eddies,  producing  an  uplifting  of  the  soil  round  the 
fiiundation  in  proportion  to  their  amount,  inten- 
sify all  the  cflccts  already  described.  There  is 
yet  another  peculiarity  in  this  arrangement 
i  which  acts  even  still  more  cflectually.  The 
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iverrequires,  for  the  maintenance  of  the  velocity 
ibove  the  bridge,  that  no  part  of  its  course  be  iii- 
ii'iTupted.  If  it  be  at  all  interrupted,  as  by  the 
[liers  it  must  be,  we  have  seen  that  an  increase  of 
velocity  and  of  depth  will  take  place.  If,  hoivever, 
IS  in  the  second  arch  in  fig.  2,  the  piers  where  it 
itches  the  water  be  regularly  built,  so  that  the 
jpace  interrupted  beai-s  a  regular  proportion  to 
tlie  space  left  free,  the  velocity  will  increase  be- 
low the  bridge,  and  the  bed  deepen,  until  the 
balance  is  restored.  This  will  not  be  materially 
disturbed  by  the  rising  of  high  water,  as  the  in- 
teiTupted  space  will  bear  the  same  proportion  to 
the  whole  open  space  as  before.  But,  in  the 
other  case,  this  equilibrium  or  balance  wiU  be  dis- 
turbed immediately  when  a  flood  comes.  The 
proportion  of  the  intercepted  space  becomes  forth- 
with inordinately  large,  and  the  velocity,  on  the 
principles  already  established,  increases  inordi- 
nately also,  with  the  violent  tendency  to  deepen 
the  river,  and  sweep  away  the  foundation  of  the 
bridge.  The  water,  therefore,  striking  npon  the 
bridge  with  this  very  great  velocity,  will  be  much 
more  dangerous  (in  the  proportion  of  the  square 
of  the  velocities)  than  the  same  mass  could  have 
been  at  the  ordinary  rate  of  passage. 

It  foUows  from  this  reasoning,  that  it  is  of 
very  great  importance  that  the  springing  of  an 
arch  should  not  be  below  high  water  mark. 

It  is  necessary,  in  constructing  a  bridge, 
that  we  should  know  accurately  the  actual  stress 
to  which  it  will  likely  be  subjected  in  the 
event  of  a  flood,  and  also  in  ordinary  cases. 
For  this  purpose,  we  must  measure  the  velo- 
city of  the  stream  in  its  natural  way,  and  also 
in  its  extraordinaiy  state  of  floods,  near  the 
place  where  the  bridge  is  to  be  constructed.  This 
is  not  so  easily  done  however.    Various  methods 
!iave  been  proposed  for  its  accomplishment.  The 
simplest,  and  as  it  yet  seems,  the  most  effectual, 
is  to  let  a  piece  of  light  wood  float  down  the 
stream,  from  one  fixed  point  to  another.  The 
time  when  the  wood  is  dropped  into  the  stream, 
and  when  it  passes  the  second  point,  is  accu- 
rately noted ;  and,  the  process  having  been  re- 
peated a  number  of  times,  the  mean  of  them  is  taken 
ti  finally.  We  obtain  thus,  the  velocity  of  the  water 
1  at  the  surface.    But  is  this  velocity  not  the  same 
■i  as  that  below?  Evidently  not.  The  water  at  the 
H  bottom  goes  slower  because  there  is  a  bed  of  stone 
'  or  other  matter  to  retard  it.    The  water  in  the 
n  middle  is  retarded  to  keep  pace  with  this  slower 
■1  motion,  and  accelerated  to  keep  pace  with  that 
of  the  top  water.  It  moves  at  a  mean  rate.  Cal- 
culations have  been  entered  into,  to  show  the 
connection  between  the  surface  speed  with  the 
avCTage  velocity  of  the  whole  water  of  the  place 
—from  top  to  bottom.    No  verv  decided  results 
have  been 
factory 
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whore  u  is  the  mean  velocity  required,  and  v  the 
surface  velocity,  given  in  metres  per  second,  lie 
finds  A  =  2.37187  and  b  =  3.15312  to  ^ve 
results  best  reconcileable  with  both  theoiy  and 
experiment. 

A  useful  consequence  of  this  formula  is,  that 
when  the  velocity  v  varies  between  v  =.  o 
and  V  =  3  metres  per  second,  that  is  between 
0  and  10  feet  per  second,  which  are  about  its 
usual  limits  of  variation  (0  and  7  miles  per  hour 
being  nearly  equivalent),  the  mean  velocity  will 
vary  between  v  X  •  74  and  v  X  •  87.  We  may 
take  therefore  as  a  fair  rule  for  ordinary  applica- 
tion, though  it  is  only  a  good  approximation — 

u  =  V  X  •  80  =iZ 
5 

This  gives  the  mean  velocity  of  the  mass  of 
water.  But  in  order  to  know  the  shock  that  will 
be  sustained  by  a  bridge,  and  the  new  velocity 
which  will  be  occasioned  at  the  bridge  by  the 
amount  of  interruption  which  the  piers  cause,  we 
requke  to  Icnow  further,  the  amount  of  wa- 
ter which  passes  with  this  velocity.  This  will 
clearly  be  determined  by  the  section  of  the  mass 
of  water  at  any  place,  multiplied  by  the  velocity 
just  found  for  that  place.  To  find  this  former, 
we  must  cross  the  stream,  sounding  its  depth  aU 
over,  and  marking  the  depths.  We  can  then 
gain  an  approximate  knowledge  of  the  surface  of 
the  section,  which  we  may  suppose  represented 
(fig,  3),  by  the  figure  having  the  level  line  at 
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the  top — the  surface  of  the  water;  and  the  curved 
one  at  the  bottom — the  bed  of  the  stream.  We 
take  the  level  one,  and  measure  along  perpen- 
dicular to  it,  lines  equal  to  the  length  obtained 
by  the  soundings,  at  points  con-esponding  to  those 
where  they  were  made ;  and  by  joining  the  ends 
of  these  lines,  we  see  that,  even  with  a  pretty 
irregular  bottom,  we  obtain  a  polygonal  figure 
almost  identical  with  it, — whose  area,  easily 
calculable,  can  be  substituted  for  the  acctu-ate 
vertical  section  of  the  stream  at  the  place.  We 
know,  therefore,  the  amotmt  of  water  passing 
near  the  bridge,  and  the  velocity  with  which  it 
passes — that  is,  we  can  calculate  how  much 
shock  the  piers  will  have  regularly  to  sustain ;  and 
also  approximate  to  discovering  what  velocity  the 
stream  will  acquire  beneath  the  bridges,  when  any 
proposed  system  of  piers  interrupts  the  current. 

The  form  of  the  ai'ch  is  the  next  point  of  im- 
portance. There  are  three  forms  of  special  interest. 
1.  The  old  semicircular  arch.  2.  The  elliptical 
arch,  usually  made,  however,  as  a  putting  togetJier 
of  several  circular  arches  of  different  radii ;  and 
3.  The  segmental  arch. 
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The  semicircular  arch  is  used  almost  exclu 
sively  in  the  more  ancient  biidge.  It  is  more 
easily  constructed  than  the  other  kinds,  and  it  is 
more  solid  when  it  is  cons^j-ucted.  But,  as  its 
lieight  is  half  its  Avidth,  it  would  require  eithe 
very  liigh  banking,  in  which  case,  if  a  bridge 
with  piers  were  desu-able,  it  would  probably  be 
employed,  or  else  the  springing  of  the  arch  would 
be  nearer  low  water  than  high  water  mark,  and 
thus  the  inconveniences  already  pointed  out  would 
result.  There  is  the  further  objection  that  it 
does  not  offer  so  agi-eeable  and  elegant  a  "  coup 

The  other  forms,  the  flat-vaulted  arches,  as 
they  are  called,  and  the  segmental  arch,  have 
each  their  peculiar  advantages  and  disadvantages. 
They  both  present  less  obstacle  to  the  pas- 
sage of  water.  Either  may  be  employed  where 
the  springing  of  the  arch  is  above  high  water 
mark,  Avithout  causing  such  an  inconvenient  rise 
from  tlie  side  to  the  centre  of  the  bridge,  or  re- 
quiring hanks  higher  than  are  usually  to  be 
found.  In  tlie  flat-vaulted  arches  each  circular 
arch  is  nearly  the  semicircle  of  a  much  smaller 
form,  and  the  same  advantages  of  solidity  and 
stability  securable  in  the  first  case  are  so  with 
tliem.  The  lateral  pressure  of  the  voussoirs  (or 
stones  forming  the  actual  arch)  is  very  consider- 
able in  the  case  of  the  segmental  arch,  and  care 
has  to  be  taken  that  the  crown  does  not  sink  down 
after  the  arch  is  formed  in  this  construction. 

Bridges  are  constructed  either  of  wood,  of  stone 
or  bride,  or  of  iron.  The  first  is  objectionable  on 
account  of  its  rapid  decay,  especially  under  con- 
stant exposure  to  water.  Some  kinds  of  timber 
indeed  are  less  liable  to  decay.  Thus  oak 
piles,  when  entirely  submitted  to  this  action,  are 
not  liable  to  rapid  decay;  but  if  one  part  of  the 
same  log  be  in,  while  another  is  out  of  the  wa- 
ter, unequal  action  produces  a  rapid  decay — like 
the  galvanic  cxuTent,  decomposing  substances 
through  which  it  circulates.  The  ordinary  woods 
moreover  change  their  bulk  according  as  they 
are  wet  or  diy,  and  so  produce  a  warping  or  a 
bursting  action,  tending,  so  far  as  it  goes,  to  dis- 
integrate the  bridge.  The  cheapness  and  the 
convenience  of  procuring  wood  is  its  great  re- 
commendation. Besides,  when  a  more  secure 
building,  such  as  a  stone  bridge,  has  to  be  erected, 
it  always  requires  to  have  a  sort  of  platform  of 
wood,  called  centerinff,  erected  beforehand,  and 
continued  as  the  work  proceeds,  for  the  use  of  the 
workmen.  The  material  for  this,  with  a  little 
more  work,  would  construct  a  tolerable  wooden 
bridge.  A  bridge  of  iron  is  objectionable  be- 
cause of  the  violent  expansion  and  contraction 
of  the  material  in  heat  and  cold,  and  from  this 
cause  it  is  not  so  extensively  used  as  it  would 
otherwise  be.  Principles  of  compensation,  how- 
Bver,  similar  in  principle  to  that  employed  in  the 
compensation  balance  of  a  watch,  may  go  far  to 
correct  this  evil.  Tlie  other  contingency — of  the 
oxidation  of  iron  from  exposure  to  rain  and  air. 
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is  avoidable  by  painting  and  other  devices  which, 
however,  add  a  large  per  centage  to  the  origin,.! 
cost  of  the  bridge.  No  structures  of  the  ordinary 
bridge  kind,  so  little  obstruct  the  course  of  a 
stream  as  iron  bridges. 

Suspension  Bridges. — When  a  cham  of  iron, 
or  of  any  metal,  is  suspended  at  two  points,  it 
takes  a  certain  form  depending  upon  the  weight 
at  the  various  points.  The  action  of  gravitating 
forces  di-aws  it  doAvnwards — resisting  forces,  of  in- 
definite capacity,  at  the  points  of  suspension, 
keeping  it  from  fallmg  entu-ely;  and  cohesive 
forces  transmit  this  retention  from  point  to 
point  of  the  whole  mass.  We  can  readily  un- 
derstand that  these  forces  will  come  to  balance 
after  bringing  the  chain  to  a  certain  definite  po- 
sition; and  that  unless  the  cohesive  forces  or 
the  retaining  power  of  the  points  of  suspension 
fail,  there  will  be  always  a  position  in  which  the 
curve  will  remain  fixed;  which  position  once 
reached,  new  forces  will  be  required,  again  to  dis- 
turb it.  The  principles  upon  which  these  cur\-es 
are  determined  belong  to  the  higher  mathematics. 
If  the  forces  which  pull  a  curve  be  at  right 
angles  to  its  line,  and  all  equal,  an  arc  of  a 
circle  will  be  formed,  as  we  might  have  expected 
from  the  uniformity  of  the  action  and  the  regu- 
larity of  the  figure.  If  all  the  forces  applied  to 
be  vertical — if,  for  example,  a  chain  be  used, 
imifoi-m  in  mass,  and  permitted  to  hang  freely, 
a  peculiar  curve  called  the  catenary,  or  chain 
curve,  results.  If  the  mass  be  not  uniform,  there 
will  be  deviations  from  this  curve,  in  the  shape  of 
lines  that  will  give  greater  deflection  wth  the 
greater  weights.  If,  for  example,  the  forces 
Avhich  act  upon  each  point  of  the  chain  are 
proportional  to  the  lengths  of  the  projec- 
tions of  the  small  equal  parts  adjacent  to  the 
points,  the  resulting  cuta'C  wtU  be  a  parabola. 
If  the  chain  be  constructed  so  that  these  forces 
are  appUed  to  successive  points,  instead  of 
along  the  whole  chain,  a  polygon  would  be 
formed,  having  the  low  points  of  suspension  for 
vertices,  aU  which  points  hang  along  a  parabolic 
curve.  We  have  said  that  these  results  will  oc- 
cur, and  such  curves  be  formed,  unless  the  cohesive 
forces  of  the  material  of  the  chain  be  too  weak  to 
stand  against  the  other  divellent  forces.  We  can 
imagine  forces  of  any  kind  applied  to  a  chain  so 
fixed,  and  this  fixity  remaining  if  the  chain  be 
strong  enough.  This  is  the  idea  on  Avhich  th«» 
suspension  bridge  of  the  present  day  is  con- 
structed. 

Tavo  towers  are  erected,  of  stich  height, 
that  the  chain  may  haA'e  its  natural  SAving, 
and  the  passage  of  the  river  or  road  not  im- 
peded by  tlie  bridge  hanging  OA^er  it  A  chain 
of  very  strong  iron  is  then  fixed  to  the  gi-ound 
at  the  tAvo  ends,  and  passed  up  through  a 
passage  in  the  toAver,  leaving  sufficient  length 
to  hang  in  the  curve  contemplated.  Sub- 
sidiary chains  are  suspended  to  it  by  A-arious 
points,  and  to  these  is  hooked  a  roadAvay  con- 
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MCted  of  planking,  overwliich  passengers  cross. 
•  chief  strain  here  is  upon  the  towers,  which 
be  capable  of  resisting  the  turning  tendency 
t  he  whole  weight  in  the  centre  to  draw  them 
1  the  river;  and  on  the  cliain.  The  origin  of 
strain  is  threefold.  First,  the  weight  of  the 
Ainal  chain ;  secondly,  that  of  the  subsidiary 
liiis  by  which  the  roadway  is  suspended;  and 

ili  dly,  that  of  the  roadway  and  of  the  passengers. 
?  chains  must  be  strong  enough  to  sustain  the 
-ions  to  which  they  are  severally  subjected, 

jierwise  the  bridge  will  fail. 
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There  is  one  serious  diniciilty  attaching  to 
the  suspension  bridge,  but  it  is  so  serious 
tliat  it  seems  to  preclude  the  use  of  tliis 
elegant  contrivance  except  for  passengers.  Tlio 
bridge  has  no  stability.  Two  causes  are  rea- 
dily assignable.  In  the  first  place,  the  iron 
of  the  chains  is  liable  to  great  expansion  or  con- 
traction by  heat  or  cold.  And  in  the  second 
place,  the  whole  structure  hanging  in  the  ah-  is 
liable  to  oscillate  with  the  wind.  No  contrivance 
will  probably  do  away  with  this  latter  evil,  or 
indeed  with  either.  Both  may,  however,  be  con- 


Suspenaiou  Bridge  across  the  Danube  connecting  Buda  and  Pesth. 


iilerably  mitigated.  The  best  method  for  doing 
I  lis  is  to  use  as  few  subsidiary  chains  as 
Mssible;  just  as  in  the  other  construction  of 
ridge  it  was  found  necessary  to  diminish  the 
umber  of  the  piers. 

An  advantage  evidently  arising  from  the  plan 
f  using  very  few  chains,  is  this :  no  two  bars 
f  iron  are  found  to  expand  always  alike.  Now, 
■  we  imagine  the  vertical  and  subsidiary  chains 
0  expand  differenth',  we  shaU  have  this  result : 
lie  weight  of  the  whole  mass  pulling  the  less 
xpanded  downwards,  and  the  more  expanded 
lelieved  of  that  weight.  The  whole  mass  of  the 
iiridge  may  thus,  and  at  times  does,  hang  upon 
■ne  or  two  chains,  and  these  must  be  made  so 
trong  as  to  be  capable  of  bearing  it.  Hence, 
here  Is  a  great  waste  of  material  in  these  chains, 
f  40  be  used,  then  the  wliole  weight  will  requii-e 
0  be  carried  by  -^jjth  of  the  mass  used  (roughly), 
ind  if  only  5  be  used,  by  -^th  of  the  mass.  The 
atter  mass,  therefore,  may  be  just  eight  times 
ess  than  the  former,  and  must  expose,  therefore 
[cetores  paribus),  a  great  deal  of  less  surface  to 
he  action  of  the  wind.  We  can  go  so  far, 
herefore,  towards  the  diminution,  but  not  in  this 
■vay  to  the  destruction  of  vibratory  effect. 

Such  are  the  chief  principles,  upon  which  the 
luspension  bridge  is  constructed. 

A  very  elegant  variation  of  the  ordinary  sus- 
■•ension  bridge  goes  under  the  name  of  Dredgu's 


suspension  bridge.  The  strain  upon  different 
links  of  the  suspending  chains  will  clearly  not  be 
quite  the  same.  Thus,  in  an  ordinaiy  chain,  the 
strain  will  be  greatest  at  one  end,  and  least  at 
the  middle.  Mr.  Dredge  calculates,  upon  mathe- 
matical principles,  the  variations  to  which  the 
strain  is  thus  liable ;  and  constructs  these  chains 
such  that  the  middle  links  be  light  proportionally 
to  the  stiain  they  have  to  bear,  and  the  end  ones 
so  much  the  heavier.  This  secures  an  economy 
of  material,  important  in  the  construction  of  the 
suspended  chains.  He  also  uses  oblique  sus- 
pending rods  instead  of  vertical  ones.  The 
still  greater  equalization  of  the  strain,  and  the 
lessening  of  it  by  this  particular  invention,  are 
capable  of  mathematical  illustration  of  a  not 
very  complex  nature.  In  the  bridge,  the  chains 
become  nearer  and  nearer  the  horizontal,  the 
nearer  they  are  to  the  middle  of  the  bridge.  A 
very  beautiful  specimen  of  this  construction  of 
bridge  is  formed  across  tlie  river  Leven,  at  Bal- 
loch,  on  Loch  Lomond,  built  under  the  personal 
superintendence  of  Mr.  Dredge,  the  inventor. 
The  figure  illustrates 
the  principle.  Let  f  a 
be  a  part  of  the  road- 
way, supported  by  tlio 
chain  a  ii ;  then  the 
force  due  to  a  f  will 
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pull  vertically  dowuwards- 


-bolng  that  of  gravity 
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— having,  besides,  a  tendency  to  maltc  the  mass 
rotate,  that  is  to  disturb  the  fixity  of  tlie 
system  by  drawing  b  (suppose  the  top  of  the 
tower)  inwards.  This  is  resisted,  and  there 
remains  a  vertical  force  which  -we  may  ima- 
gine to  pull  right  down,  acting  on  the  rope, 
through  F.  This  vertical  force  can  be  decomposed 
into  two — one  perpendicular  to  tlie  line  a  b,  and 
acting  on  r,  a  supported  joint,  and  another  along 
the  line  a  b.  This  force  along  the  line  is  evi- 
dently smaller  than  that  vertical  one  of  which 
we  spoke,  which  is  the  only  one  acting  in  the 
ordinary  suspension  bridge,  and  the  strain  is 
therefore  less.  The  only  limit  to  the  capabilities 
of  this  construction  is  the  danger  of  throwing  too 
much  weight  on  the  fulcrum  f,  and  of  causing  a 
turning  effect  upon  the  top,  b,  too  considerable. 

The  suspension  bridge,  though  giving  an  ad- 
murable  passage  to  ships  below,  was  not  yet  quite 
capable  of  fulfilling  all  the  requirements  of  a 
modem  bridge.  Many  of  them  require  to  admit 
of  the  passage  over  them  of  very  heavily  laden 
trains.  Now  these  tAvo  advantages  of  free  road- 
way, and  of  sensible  stability,  could  not  be  com- 
bined in  the  suspension  bridge.  We  annex  an 
engraving  of  a  suspension  bridge. 

The  tubular  bridge  was  devised  to  combine 
these  advantages.  We  shall  avoid,  however, 
entering  into  its  principles  at  length. 

The  chief  point  upon  which  the  construction 


of  tubular  bridges  rests,  is  the  capability  of 
wrouglit  ii'on  to  resist  a  tension  much  greater 
than  cast  iron  can.  The  old  iron  arch  bridges 
were  almost  all  built  of  cast  iron.  Cast  iron 
bears  a  transverse  strain  better,  and  the  wrought 
iron  a  strain  lengthwise;  and  at  the  time  of 
construction  the  bridge  might  be  made,  so, 
that  when  without  passengers,  the  two  should 
work  completely  together — the  transverse  strain 
borne  by  the  cast  iron,  and  the  lengthwise  one 
by  the  malleable  iron.  Unfortunately,  this  is 
not  the  purpose  tor  which  bridges  are  constructed, 
and  it  is  easy  to  conceive  loads  so  placed  on  the 
line,  that  each  stram  would  fall  to  the  mass 
least  fitted  to  sustain  it.  A  melancholy  instance 
of  this  occurred  on  the  bridge  over  the  Dee,  on 
the  line  of  the  Chester  and  Holyhead  Railway. 
It  broke  down  completely  on  "the  24th  May, 
1847,  occasioning  serious  loss  of  life. 

The  tube  through  which  the  roadway  runs  in 
the  tubular  bridge  sustains  all  the  weight  in  its 
various  parts.  It  was  a  question  of  the  utmost 
importance  to  determine,  where  the  great  stress 
on  the  tube  would  be,  and  what  would  be  the 
form  best  calculated  for  strength.  Both  of  these 
matters  required  expeiimental  determination,  and 
a  series  of  experiments  as  elaborate  as  any  on 
record  were  entered  into,  under  the  direction  of 
Mr.  Robert  Stephenson,  by  Messrs.  Fairbairn  and 
Hodgkmson,  the  results  of  which  will  be  found  de- 


Mritnnnin  Tubular  UriUgo  across  the  Mcnai  Straits. 


tailed  at  considerable  length  in  the  recent  supple- 
ment to  Brunell's  Theory  of  Bridges.  It  came  out 
in  the  course  of  these  investigations,  that  the 
Circular  and  Elliptical  tubes  were  not  nearly  so 
well  fitted  to  sustain  a  weight  passing  through 
tliem  as  the  much  more  simply  constructed  rectan- 
gular one ;  and  the  remarlcable  fact  was  elicited, 
that  tlic,  iron  ought  to  be  made  thicker  at  the  top 
of  the  tube  than  at  the  bottom,  because  there  was 
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the  greatest  strain.  Tliis  is  a  consequence  of  tha 
fact  already  noticed,  that  wrought  iron  is  nnicU 
less  capable  of  sustaining  a  transverse  load  tlian 
cast  iron  is,  although  on  llie  other  hand  it  is  far 
more  capable  of  bearing  a  lengthwise  strain. 

Tlie  magnificent  series  of  inventions  by  which 
nil  the  details  of  these  bridges  have  been  per- 
fected, has,  perhaps,  no  parallel  in  modern  engi- 
neering.   Every  point  connected  with  their  con- 
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action,  tlie  riveting  of  the  plates,  the.  construc- 
u  of  the  tube,  the  elevation  of  it  without 
iitmng  or  scaffolding  of  any  kind,  has  given 
ipc  for  an  ingenuity,  equally  remarkable  for 
:  energy  and  persevering  application.  This 
<t  idea — that  of  erecting  a  bridge  without 
aftbkling — gave  Mr.  Stephenson  the  first  no- 
m  of  a  tubular  bridge.  It  had  been  proposed 
raise  a  biudge  over  the  Menai  Straits,  to  faci- 
;ite  intercourse  between  Dublin  and  London, 
le  Admiralty,  however,  required  that,  in  the 
iistruction  of  this  bridge,  there  should  be  a  clear 
ip,ht  of  100  feet  left  across  the  whole  channel, 
ou  during  the  time  of  construction.  This — to 
i\-  other  man — would  have  been  a  simple  veto 
1  the  construction  of  a  bridge  of  1,500  feet  long; 
it  it  conducted  Mr.  Stephenson  to  the  construc- 
of  the  Britannia  tubular  bridge.  See 
vew-Arcii. 

■  ISi'itileness.  A  property  of  bodies,  which 
though  solid,  yet  are  so  weakly  bound  together, 
at  a  very  small  mechanical  force  suffices  to 
parate  their  particles.  They  can  be  easily 
duced  to  powder.  The  cohesive  force  between 
eLr  perceptible  particles  almost  vanishes,  but 
ey  differ  from  liquids  in  possessing  a  consider- 
ile  cohesive  force,  acting  between  the  particles 
liich  are  so  small  as  almost  to  be  imperceptible, 
i  JBnrning  4J  lass.  We  shall  see  in  the  articles 
ATOPTRics  and  Dioptrics,  that  rays  of  light  di- 
gging from  one  point,  and  falling  upon  mirrors 

peculiar  shape,  may  be  thrown  back  from 
rra,  so  as  aU  to  intersect  in  one  point,  and  that 

incident  upon  a  lens  of  peculiar  shape,  they 
ay  pass  through  it,  emerging  in  such  a  direc- 
m  as  also  to  concentrate  about  a  particular 
lint. 

Thus,  for  the  first  case,  we  shall  see  that  small 
ncave  spherical  mirrors  will  throw  back  rays 
ming  from  a  point  tolerably  distant,  so  as  to 
tersect  very  nearly  in  one  focus;  and  if  the 
ys  be  parallel,  as  some  rays  are,  or  the  point 
jm  which  they  come  very  distinct,  which  is  the 
.use  of  this  parallelism,  we  may  have  with  a 
iicave  mirror  which  has  a  very  small  central 
igle,  this  concentration  of  rays  as  accm-ately  as 
e  may  choose.  The  rays  incident  upon  a 
'lerical  murror  convex  to  these  lines  of  inci- 
r:e,  do  not  pass,  when  reflected,  through  the 
ant  from  which  they  diverge  at  all.  Their  fo- 
is  is  behind  the  muror. 

We  sliall  see,  also,  that  a  paraboloid  min-or, 
lined  concave  to  the  line  of  incidence  of  the 
lys  will  reflect  parallel  rays,  as  from  the  sun,  or 
loon,  or  a  star,  accurately  to  one  point,  and 
lat  an  ellipsoidal  min-or  will  reflect  rays  diverg- 
from  the  one  focus,  accurately  on  to  the 
lier.    With  a  mirror  of  the  hyperboloid  form 
•  same  result  would  be  obtained  as  with  a  con- 
:  spherical  mirror;  the  rays,  when  reflected, 
•uld  appear  to  diverge  from  a  new  point,  but 
lis  being  beliind  the  miiTor,  they  would  not  ac- 
ially  nass  through  it. 
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Now,  the  sun's  rays  possess  a  healing  as  well 
as  a  luminous  power;  and  although  different 
rays  do  possess  tliis  power  in  difl'erent  degrees, 
yet,  as  the  different  nature  of  rays  causes  no  de- 
viation in  any  of  them  from  uniform  laws  of  geo- 
metrical reflection,  and  as  none  of  tlic  component 
parts  of  white  light  are  separated  in  ordinai-y  re- 
flection, we  may  consider  eacli  ray  of  ordinary 
liglit  as  simply  possessed  of  heating  power.  Let 
a  number  of  heating  rays,  therefore,  diverging 
from  any  source  of  heat,  fall  upon  a  miiTor  from 
which  they  are  accxrrately  reflected,  so  as  all  to 
cross  one  another  at  a  given  point.  It  is  plain 
that  at  that  point  there  will  be  a  very  great  con- 
centration of  heat,  and  that  bodies  placed  at  it 
may  be  subjected  to  a  very  high  temperature. 
This  is  the  principle  upon  which  bm'uing  mirrors 
are  constructed.  The  readiest  source  of  heat  is 
the  sun,  and  the  mirrors  hitherto  employed  have 
been  made  principally  so  as  to  concentrate  its 
rays.  In  the  expressions  by  which  the  radius  of 
the  mirror  and  the  distance  of  the  luminous  point 
from  it  are  connected  with  the  distance  from  it  of 
the  focus  of  reflection,  we  have  simply  to  make 
the  distance  of  the  luminous  point  become  infi- 
nite, as  in  comparison  with  all  ordinary  ten-estrial 
distances  "it  may  in  this  case  be  fairly  con- 
sidered, in  order  to  apply  the  ordinaiy  formulce 
to  the  action  of  sun  rays. 

The  substance  of  the  mirrors  should  not  be 
transparent.  But,  for  the  second  case,  that  of 
burning  lenses,  the  transparency  of  the  glasses  is 
the  property  on  which  then*  power  depends. 

We  find  (see  Dioptrics  and  Lens)  glasses  of 
this  character,  that  they  gather  light  coming  from 
a  point,  and  falling  iscattered  on  their  surfaces  into 
another  point  behind  the  lens.  Some,  indeed, 
like  the  convex  mirror  already  noticed,  only  scat- 
ter the  rays  less,  but  still  allow  them,  after  pas- 
sage, to  go  on  diverging,  as  if  they  came  from  a 
point  through  which  they  do  not,  in  reality,  pass 
at  all.  These  lenses  are  as  useless  for  our  purposes 
as  the  similar  mirrors  were,  but  wherever  we 
have  lenses  which  concentrate  luminous  rays  af- 
ter passage,  towards  a  point  through  which  they 
really  pass,  we  can  use  them  for  burning  glasses. 
Frequently  any  lens  which  could  conveniently  be 
made,  more  frequently  any  which  we  may  ac- 
tually have  in  possession,  wiU  not  throw  the  rays 
exactly  toward  the  point  where  we  desire  to  con- 
centrate them.  And  in  that  case  we  may  com- 
bine two  or  more,  so  as  to  prevent  the  con- 
vergence of  the  rays  to  a  point  too  near,  by  a 
slight  dispersive  power,  or  to  malce  the  concen- 
tration still  more  intense  than  after  passage 
through  the  first  lens.  Here,  however,  we  are 
met  by  the  fact  of  tlie  dispersion  of  ordinary  liglit 
by  refraction  through  lenses.  There  is  one  focus 
for  the  violet,  another  for  the  red,  another  for 
the  blue  rays  of  the  spectrum.  If,  therefore,  the 
heating  power  of  tlie  solar  ray  be  vniii'ormly  dis- 
tributed among  the  various  homogeneous  ravs, 
we  shall  require  to  use  for  burning  lenses  the 
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same  arrangements  which  we  have  already  seen 
to  be  necessary  to  prevent  cliromatic  dispersion. 
It  has  been  fortunately,  however,  found  that  the 
more  refrangible  rays,  those  towards  the  violet 
end  of  the  spectrum,  possess  very  little  heating 
power.  The  experiments  of  Sir  \V.  Herschell,  in 
1800,  proved  that  the  calorific  effect  at  the  vari- 
ous points  of  the  prismatic  spectrum  was  greatest 
for  the  extreme  red  rays,  and  extended  even  con- 
siderably beyond  it,  and  beyond  the  spectrum. 
Hence  we  may  take  the  sort  of  mean  index  of 
refraction  for  tlie  heating  rays  to  be  very  nearly 
the  index  of  refraction  for  these  extreme  red  rays. 
By  convenient  lenses  accordingly,  we  may  con- 
centrate these  rays  at  the  foci  of  our  lenses,  and 
obtain  a  considerable  heating  effect  also  upon  ob- 
jects very  near  the  focus  of  the  lens,  upon  either 
side  of  it.  Arrangements  similar  to  the  achromatic 
arrangements,  by  which  the  dispersion  of  colours 
is  prevented,  would  undoubtedly,  however,  very 
largely  increase  the  heating  effect. 

The  principle  upon  which  burning  glasses  are 
constructed  is,  therefore,  simply  this, — that  the 
heating  rays,  either  from  the  sun  and  other  heaven- 
ly bodies,  as  is  most  usual,  or  from  other  sources 
of  heat,  be  concentrated  as  nearly  as  possible  to  a 
point.  This  is  effected  in  burning  mirrors  with- 
out regard  to  the  dispersion  of  heterogeneous 
rays;  and,  in  the  case  of  burning  lenses,  we 
may  either  employ  arrangements  akin  to  those  in 
achromatism,  or  with  simple  lenses  may  con- 
struct them  as  if  intended  to  collect  the  extreme 
red  rays.  The  burning  lens  is  convex,  as  the 
burning  mirror  is  concave. 

The  use  of  burning  glasses  is  certainly  very 
ancient.  Aristophanes  mentions  them  in  "  the 
clouds."  The  celebrated  exploit  of  Archimedes, 
who  set  fire  to  the  Roman  fleet  at  Syracuse,  by 
means  of  a  burning  mirror,  rests  upon  a  mass  of 
historic  testimony  not  easily  set  aside.  Tlie 
use  of  lenses  is  certainly  not  much  more  mo- 
dern. Pliny  mentions  balls  or  globes  of  glass  or 
crj'stal,  which,  when  exposed  to  the  sun,  are 
capable  of  transmitting  sufficient  heat  to  set 


cloth  on  fire,  and  Clemens  Alexandrinus  an 
Lactantius  suggest  the  employment  of  globe3  of 
glass  filled  with  water. 

Ill  order  to  give  some  idea  of  the  power  of  these 
instruments,  we  shall  transcribe  an  account  of  ono 
made  by  IMr.  Parker.  His  lens  is  made  of  flint 
glass,  and  when  exposed,  has  a  clear  surface  of  . 
32  inches  diameter.  Its  thickness  in  the  centre 
is  3j  inches,  and  its  focal  length  6  feet  8  inches. 

He  used,  along  with  this,  another  lens  having 
a  clear  surface  Avhose  diameter  is  13  inches, 
whose  thickness  in  the  centre  is  If  inches,  and 
whose  focal  length  is  29  inches.  This  lens,  when 
arranged  along  with  the  other,  still  further  con- 
centrates the  converging  rays  which  have  already 
passed  through  it.  It  was  placed  bj'  him  so 
that  the  focal  length  of  the  two  was  5  feet  3 
inches.  A  number  of  experiments  gives  the  fol- 
lowing series  of  results: — 

Substances  fused,  with  their  weight,  and  the 
time  occupied  in  fusion, — 


Time  in 

Weight  in 

Seconds. 

Grains. 

Wrought  Iron  . 

2 

.  12 

Common  Slate  . 

2 

.  10 

Pure  Silver 

3 

.  20 

Pure  Platinum 

3 

.  in 

Nickel 

3 

.  ic 

Cast  Iron— a  cube  . 

3 

.  10 

Pure  Gold 

4  . 

.  20 

Crystal  Pebtle  . 

G 

7 

Lava  .      .      .  • 

7 

.  10 

Asbestos  . 

10 

.  10 

Bar  Iron— a  cube 

12 

.  10 

Steel— a  cube  . 

12 

.      .  10 

Garnet 

17 

.  I'l 

Pure  Copper 

20 

.  33 
.  10 

Onyx 

20 

.  10 

Pumice  Stone  • 

24  . 

.  10 

Oriental  Emerald  . 

21 

o 

White  Atjate  . 

.  SO 

10 

Oriental  Flint  . 

30 

Topaz  or  Chrysolite  . 

.    45  . 

3 

Common  Limestone 

65 

111 

Wliite  Rliomboidal  Spar 

fiO 

.  1" 

Volcanic  Clay  . 

.  60 

.  10 

Cornish  Moorstone  . 

60 

.  10 

Rough  Cornelian 

75 

.  U) 

Rotten  Stone  . 

.  80 

.  10 

c 


Calcniiis,  the  Infinitesimal  :  or  the  Trans- 
cendental Analysis  .-—the  names  usually  given  to 
that  great  branch  of  the  Mathematical  Sciences, 
which,  since  the  time  of  Leibnitz,  has  com- 
manded, by  one  general  method,  the  most  ar- 
duous problems  in  geometry,  mechanics,  and 
physics.  Perhaps  the  simplest  definition  that 
can  be  given  of  this  potent  Algorithm  is  the 
following:— /ra  ordinary  Algebra,  the  values  of 
unknown  quantities,  and  their  relations  with  each 
other,  are  detected  by  aid  of  equations  established 

BETWEEN  THKSE  QUANTITIES  DIRECTLY  ;—J<  tS 

■the  fertile  artifice  of  the  Calculus,  on  the  other  hand, 
to  arrive  at  such  systems  of  direct  equations  by  means 
of  other  equations  primarily  established  not  between 


the  quantities  themselves,  btit  between  certais 

DERIVATIVES   FROM   THEM,    Or   ELEMENTS  OP 

THEM.  It  is  found  much  more  easy  in  practice 
to  determine  the  equation  between  such  elements 
and  derivatives,  than  between  the  primary  quan- 
tities; when  this  is  accomplished,  the  problem 
may  be  said  to  be  laid  analytically;  and  the 
subsequent  process — that,  viz.,  by  which  equa- 
tions between  the  primaries,  are  deduced  from  the 
relations  of  the  derivatives— is  a  simple  process 
and  difticulty  of  pure  analysis.  The  fundamental 
requisition  of  the  Calculus,  was  evidently  this— 
to  establish  rationally,  the  notion  of  these  deriva- 
tives or  elements.  Three  schemes  have  been  pro- 
posed, amounting  to  the  same  thing  in  practice, 
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liflbring  in  the  strictness  of  their  logic,  as 
as  in  the  facility  of  their  application.  If  one 
I  find  the  true  logic  of  the  new  Calculus, 
e  must  still  be  had  to  that  memorable  see- 
the Principia,  in  which  Newton  exposes 
>rv,  and  demonstrates  the  chief  theorems,  in 
tliod  of  the  Ultimate  Values  or  Limits  of 
;tios  of  variable  quantities.    This  concep- 
V  principle  of  Limits,  is  now  universally 
d  in  establishing  the  foundations  of  the 
■:cendental  Analysis  b}'  iill  rigorous  logicians ; 
s  it  easy  to  see  that  any  other  course  is  open, 
uisfied  with  the  conception  or  Limits,  as  not 
ily  analytical  one,  and  also  dissatisfied  for 
ar  reasons  with  the  original  method  of 
litz — the  illustrious  Lagrange  offered  a  new 

-  of  contemplating  the  origin  of  these  deriva- 
Presumiug  to  have  demonstrated  that  any 

ion  of  X — ^. a;,  could,  after  a;  had  received 
iicrement  h,  be  developed  in  a  series  as 

{x-\-  h')z=  (p  X -\- Ai,  h -{-  A2  h-  -f  A3 

-  &c.,  in  which  A^,  A2,  A3,  &c.,  should  con- 
tlie  variable  x  only — he  required  that  these 
cients,  A^,  A2,  A3,  &c.,  shoidd  be  accoimted 
iuccessive,  or  the  first,  second,  third,  &c., 
atives  of  ^ .  X  :  and  so  averred  that  the 

I  e  of  these  derivatives  could  be  presented  as 
;)g  out  of  a  purely  algebraical  relation  or 
—the  gap  thus  being  filled  up  that  had 
ared  to  separate  in  logic,  the  Algebraical 

the  Transcendental  Analysis.  Notwith- 
ling  the  fair  appearance  of  the  Tkeorie  des 
iions,  it  cannot  be  said  that  Lagrange  has 
!eded.  No  equation,  on  one  side  of  which  is 
n  finite  series,  can  be  termed  independent  of 
dea  of  limits ;  simply  because  it  means  that 
inite  side  is  the  limit  of  the  infinite  side ;  nor 

the  several  steps  by  which  Lagrange  reached 
lornonstration  of  Taylor's  theorem,,  unmixed 

the  same  class  of  considerations.   And  what 

II  more  formidable,  is  the  fact,  that  the  appli- 
n  nf  the  Calculus  under  its  new  form,  turns 
lor  the  most  part  so  cumbrous  and  incon- 
?nt,  that  Lagrange  himself  abandoned  it  in 
Mecanique  Analytique,  for  the  much  easier 

ses  of  Leibnitz.  This  latter  extraordinary 
—to  whom  the  first  systematic  statement  of 
principle  of  the  Transcendental  Analysis  is 
I  testibly  owing — presented  it  originally  under 
■rd,  and  in  use,  still  its  favourite  form,  that 
jiaiiesimals.  Not  wholly  unlilce  the  manner 
avalieri  in  his  once  famous  method  of  In- 
iibles,  Leibnitz  considered  all  quantities  or 
nitudes  made  up  of  infinitely  small  elements 
iilinitesimals,  named  differentials;  and  he 
ved  that  in  the  great  majority  of  cases,  the 
ions  of  the  quantities  concemed  in  a  problem, 

I I I  be  much  moreeasily  expressed,  by  equations 
■n  these  elements,  than  between  the  primary 
ities.    Sometimes  it  turned  out  difficult  to 

I'lish  even  these  equations;  but  in  that  case, 
end  might  be  gained  by  decomposuig  the 
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difTerentials  themselves  into  other  infinitely  small 
elements,  and  seeking  relations  among  such 
second  differentials:  or  still  further,  dilfcrentials 
of  the  third  order  in  descent  might  be  resorted  to ; 
and  so  on  in  the  same  manner.  There  cannot  bo 
a  doubt  that  Leibnitz's  conception  is  of  all  others 
the  most  facile  in  practice ;  so  much  so,  that  it 
may  be  said  to  be  tlie  only  conception  in  the  mind 
of  any  one  extensively  employing  the  Calculus ; 
but  at  first  it  appeared  objectionable  in  principle. 
The  idea'  of  Infinitesimals  itself,  cannot  Le 
termed  a  just  or  pure  anah'tical  idea ;  and  in 
the  working  of  it  owt,  according  to  the  methods 
of  its  inventor,  one  is  called  upon  at  every  step 
to  reject  infinitesimals  as  being  incomparable  with 
finite  quantities,  and  the  higher  orders  of  infinit- 
esimals as  being  incomparable  vnXh  lower  ones, — 
a  process  bearing  much  too  close  a  resemblance 
to  a  mere  process  of  approximation,  to  be  received 
without  scruple  as  the  instrument  of  exact  m- 
(\\vaj.  Geometers  did  not  soon  succeed  in  dis- 
covering why,  out  of  methods  wearing  on  their 
front  the  garb  of  mere  approximative  methods, 
the  exactest  results  were,  through  some  neces- 
sity, evolved.  D'Alenibert,  Euler,  and  others, 
sought  the  key  of  the  puzzle  in  vain.  At  last 
Carnot  detected  it.  The  methods  of  Infinitesi- 
mals are  correct,  through  efifect  of  an  exact  com,- 
pensafion  of  errors:  if  the  equations  originally 
formed  are  in  error,  or,  as  Carnot  termed  them, 
imperfect,  through  neglect  of  quantities  infinitely 
small  in  comparison  with  the  quantities  entering 
into  these  equations, — aprocess  occurs  of  precisely 
the  reverse  nature  when  these  auxiliary  equations 
are  finally  raised  to  equations  between  finite  quan- 
tities; which  last  are  therefore  and  necessarily 
perfect  equations.  The  logic  of  the  processes  of 
Leibnitz,  vindicated  in  this  way,  the  sole  objec- 
tion that  remains  to  the  method  of  this  geometer, 
has  reference,  as  we  have  already  said,  to  its 
being  founded  on  a  conception  like  that  of  infini- 
tesimals.— Such  in  general  the  nature  of  the 
ideas  on  which  the  Transcendental  Analj'sis  is 
founded ;  let  us  now  enumerate  and  briefly  deli- 
neate its  main  divisions.  It  is  sufficiently  evi- 
dent that  a  Calculus  which  proposes  to  discuss 
and  detemme  the  relation  of  quantities  from  re- 
lations established  between  other  quantities  de- 
rived from  them,  must  consist  essentially  of  two 
principal  parts.  First,  it  must  explain  the  rules 
by  which,  the  primitive  quantities  being  knovv'n, 
the  analyst  may  determine  their  derivatives 
(fluxions,  infinitesimals,  differentials') ;  and  se- 
condly, it  must  explain  that  inverse  set  of  mles 
or  methods  by  which  the  primary  quantities  may 
be  deduced  from,  or  detected  by  aid  of,  these 
derivatives.  We  shall  offer  a  few  remarks  on 
each  of  these  great  divisions. 

(1.)  The  Differential  Calculus.  It  is  the  object 
of  the  Differential  Calculus  to  lay  down,  how  we 
obtain  the  derivatives  of  each  of  those  few  simple 
functions  or  modifications  of  quantity  which  arc, 
alone  recognized  in  analysis ;  and  this,  whether 
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these  functions  are  presented  singly  or  in  any  form 
of  combination.  Tlie  functions  are— the  sum  of 
variables,  tlieir  (7i^e?'e«ce,  i\\cvc  product,  quolient, 
jmver  or  root;  exponentials,  logarithms ;  and 
direct  and  inverse  circular  functions.  Now,  the 
Differential  Calculus,  as  thus  defined,  may  be 
termed  complete.  We  can  differentiate  at  will 
any  of  these  known  functions,  or  any  combina- 
tion of  them  whatever.  It  is  of  no  consequence 
whether  the  function  to  be  differentiated  (or 
made  to  yield  its  derimtlves)  be  explicit  or  im- 
plicit: the  known  methods  of  derivation  apply 
to  all  cases ;  and  with  equal  ease,  any  function 
may  be  differentiated  a  second,  third,  or  any 
number  of  times,  or  pursued  to  any  order  of  its 
derivatives.  This  Calculus  in  itself  is  susceptible 
of  man}'  important  and  interesthig  applications, 
such  as  to  problems  of  maxima  and  minima ;  but 
these  Are  cannot  at  present  notice. 

(2.)  The  Integral  Calculus. — The  Inverse  por- 
tion of  the  Transcendental  Analysis  is  very  far 
from  being  as  perfect  as  the  former.  Its  methods, 
instead  of  being  general,  are  little  better  than 
happy  artifices  whose  origin  is  mostly  due  to  the 
occurrence  of  difliculties  in  the  treatment  of 
geometrical,  mechanical,  and  physical  problems  ; 
nor  are  there  many  analysts  who  would  be  in- 
clined to  question  the  opinion  of  Laplace,  that 
integration  is  one  of  those  difficulties  whose  gene- 
ral solution  we  cannot  hope  for.  The  remarks 
that  can  be  offered  here  are  so  few,  that  we 
shall  wholly  leave  out  of  view  the  question  of  the 
integration  of  implicit  functions,  or  of  differential 
equations, — an  immense  subject,  of  which,  in  com- 
parison with  its  extent,  we  can  scarcely  be  said 
to  know  anything.  Explicit  differential  expres- 
sions are  those  that  take  on  the  foUomng  form : — 
(px.  dx. 

— simple  enough  as  so  expressed ;  but  the  integral 
even  of  these  cannot  be  found  unless  with  regard 
to  a  few  of  the  more  elementary  forms  of  ^ .  a;- 
If  ^ .  a;  be  either  an  exponential,  a  logarithmic,  or 
a  circular  function,  the  integral  of  the  foregoing 
expression  cannot  be  directly  foimd  unless  in  a 
very  few  and  simple  cases ;  to  treat  which  even, 
generally  requnes  great  ingenuity.  One  of  the 
leading  artifices  applied  in  this  case,  is  the  Inte- 
gration ly  Parts  of  John  Bernouilli ;  by  whose 
means  a  difficult  expression  may  often  be  re- 
duced to  another  more  easily  reduced.  If,  on 
the  other  hand,  (f ,  x  includes  only  the  common 
algebraic  functions,  we  still  cannot  treat  the  case 
generally,  unless  ^  .  a;  be  wholly  rational.  If 
it  is  irrational,  it  cannot  be  treated  at  all  unless 
in  the  few  cases  in  which,  by  substitution,  it  can 
be  rendered  rational.  It  may  be  said,  therefore, 
that  the  Integration  of  rational  functions  is  really 
the  only  portion  of  the  great  inverse  problem  of 
Analysis  over  which  we  have  yet  entire  com- 
mand. Want  of  space  constrains  us  only  to  refer 
by  name  to  methods  of  Integration  by  approxima- 
tion, or  to  that  curious  Transcendental  Arithmetic, 
known  as  Bejinite  Iniegrak.    We  cannot  omit, 
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however,  an  expression  of  regret  that  we  ar« 
not  enabled  to  explain,  in  reference  to  Differen- 
tial Equations,  the  most  ingenious  and  admirable 
method  indicated  by  the  name  of  Singular  Bolvr 
Hons.  The  student  must  apply  for  details  to  some 
of  the  excellent  text-books  now  common  in  this 
country. 

(3.)  Calculus  of  Variations,  Calculus  of  Finite 
Differences,  Calculus  of  Functions. — For  brief 
notices  of  these  important  off-shoots  fi-om  the 
original  Transcendental  Analysis,  we  refer  to 
Variations,  Differences,  Fd>'ctions. 

Calendar.  A  distribution  of  time,  accommo- 
dated to  the  uses  of  ordinary  life.  In  seeking  for 
some  base  upon  which  to  rest  such  a  division, 
the  first  that  suggests  itself,  as  being  the  widest, 
for  which  we  have  an  evident  physical  ground, 
is  the  division  into  revolutions  of  the  sun  round 
the  earth,  or  of  the  earth  round  the  sun,  i.  e., 
from  equinox  to  equinox.  Upon  this  depends 
the  cycle  of  the  seasons.  Another  unit,  how- 
ever, independent  of  this,  seems  to  have  equal 
claims  on  us;  viz.,  what  is  called  the  civil  day, 
or  the  interval  of  time  from  one  passage  of  tha 
meridian  by  the  sun,  until  his  next  passage  of  it 
If,  then,  we  should  adopt  either  of  these  as  the  unit 
of  time,  and  the  standard  of  our  measurement,  ll^t 
should  have  good  physical  grounds  upon  which  toi' 
proceed ;  but  would  require  a  peculiar  nomencla- 
ture for  parts  of  the  miit  not  aliquot  (as  in  the 
case  of  the  day  and  the  year) ;  or  for  multiples  of 
the  unit  by  fractional  or  mixed  numbers,  for  the 
odd  hours  (5  hoiurs,  48  minutes,  50  seconds),  of 
the  day.  In  fact,  the  day  and  the  year  are 
of  them  so  important,  that  we  are  forced  to 
up  all  hope  of  the  adoption  of  one  standard, 
a  uniform  system,  and  consent  to  the  admission' 
of  two  independent  units.    We  could,  indeedj^ 

speak  of  the  year  as  gf  a  day,  or  of 

^  ^  8640 

day  as         —  of  a  year,  and  there  would  j 
3155693         •'     '  * 

some  advantages  in  so  domg ;  but  these 

be  far  more  than  counteracted.    We  are  for 

therefore,  to  employ  the  two  units  conjointiy 

Attempts  have  been  made  even  to  introdn 

another  independent  unit     The  period  of 

moon's  revolution,  next  to  tliat  of  the 

annual  and  diurnal  period,  is  undoubtedly 

most  prominent,  and  it  has  accordingly 

chosen.    This  has  not,  however,  been  gener 

adopted.  The  system  almost  universally  used  i 

upon  the  smaller  of  these  natural  imits — the « 

d&y.    We  endeavour  to  adapt  the  year,  by  ■ 

ous  contrivances,  (see  Bissextile)  to  the 

so  that  we  may  not  have  the  commencement^ 

our  civil  years,  far  from  the  actual  comme 

ment  of  the  true  year ;  while  we  are  enat 

for  the  sake  of  convenience,  to  consider  the ; 

as  made  up  of  a  number  of  tcJiok  days.    We  ( 

desirous  of  this  latter  result,  for  the  facilitating <l 

calculations,  which  would  be  very  tedious  if  ' 
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to  consider  in  what  pavt  of  the  year  any 
anent  of  any  particular  day  might  chance  to 
I  and  of  the  former,  that  so  we  may  ho  enabled 
ocompile  rules  of  meteorology  for  om*  obser- 
aoDS, — rules  that  may  be  applied  without 
DDging  our  time  from  the  diurnal  standard  of 
lurement  to  the  solar,  or  vice  versa.  A  cal- 
lar  approaches  perfection,  the  more  closely  it 
lils  those  two  conditions. 
L  sort  of  Epicycle  system  has  been  introduced 
Idt  on  to  this  kind  of  calendar,  which  is  in- 
Ided  to  seciu*e  the  same  practical  coincidence 
nreen  the  commencement  of  the  month  and  of 
mnation,  or  revolution  of  the  moon ;  while  it 
nnits  ns  to  count  each  lunation  as  made  up 
■  number  of  whole  days.  Attempts  to  recon- 
practically  the  commencements  of  the  year 
.  the  lunation,  have  also  been  made.  The 
Kienians  thus  tried  to  reconcile  the  commence- 
itit  of  a  month,  composed  of  a  number  of  whole 
srs,  and  a  lunation,  and  made  the  months  to 
fflist  of  29  and  30  days  respectively.  This 
Ibhod  might  do  extremely  well,  but  for  the  in- 
nrenience  that  12  of  these  months  would  only 
e  354  instead  of  365  days,  and  that  the  re- 
iining  11  days  would  confuse  the  arrange- 
iHt.  In  fact,  practically  it  has  been  found  in 
fit  nations  that  the  unit  of  a  lunation  is  by  no 
lans  so  important  as  that  of  a  day  or  of  a  year 
hhat  the  physical  circumstances  which  complete 
irir  cycle  along  mth  it,  are  comparatively  few ; 
I  that  as  the  introduction  of  it  into  the  calen- 
1  complicates  further  a  system  which  is,  for  the 
umon  people,  akeady  complicated  enough,  it  is 
lecessary  and  would  be  troublesome.  Hence, 
112  is  nearer  than  any  other  whole  number  of 
aations  to  the  space  occupied  by  a  year,  we 
idde  the  year  into  12  months,  appointing  the 
Bnber  of  days  in  each  month  as  approximately, 
bhaps,  as  the  case  will  admit  of,  to  be  31  and 
What  is  called  the  luni-solar  calendar,  has, 
lact  been  found  quite  useless.  The  Grecian 
I  Macedonian  calendars  were  based  upon  it, 
i  the  calendars  of  the  Eastern  nations,  the  Hin- 
t)3,  Chinese,  and  Japanese,  still  arc.  It  is  not 
dd  in  Eiu-ope  at  all,  except  by  the  Jews. 
SWTiat  is  called  the  purely  lunar  calendar— in 
inch  the  return  of  the  moon  is  taken  as  the 
fef  unit — but  which  rather  is  the  one  resting 
I  the  two  units  of  the  day  and  the  lunation, 
I  Kttle  physical  foundation.  It  is,  in  conse- 
ence,  not  very  extensively  used.  Here  we 
we  to  consider  the  lunation,  as  consisting  of  so 
rny  whole  days,  and  we  have  to  arrange  the 
imher  of  days  in  the  month  so  that  12  of  them 
1  come  to  make  up  a  period  of  354  days,  8 
Eirs  (the  period  of  12  lunations).  If  we  make 
bsh  month  to  consist  only  of  whole  days,  the 
ilallest  cycle  which  we  can  employ  will  be  three 
eaea  that,  or  1063  days,  in  which  36  lunations 
U  be  accomplished.  The  professors  of  the  Mo- 
mmedan  religion  use  this  lunar  calendar; 
t  the  confusion  which  it  introduces  into  the 
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seasons,  and  the  practical  restraint  it  jiuts  upon 
agriculture,  by  making  their  various  perioiU 
of  time  not  at  all  correspond  to  the  recurrences 
of  the  principal  influences  of  meteorology,  have 
prevented  its  being  introduced  anj'where  else. 

Some  of  the  more  ancient  calendars  made  very 
slight  attempts  at  any  reconciliation  of  the  t^vo 
standards  of  the  day  and  the  year.  These  could 
only  be,  and  were  only  tolerated,  in  the  infancy 
of  astronomy. 

We  shall  just  mention  rapidlj'  in  conclusion, 
the  methods  by  which  the  day  and  the  year 
have  been  sought  to  be  kept  as  liases  of  one  sys- 
tem, by  successive  nations. 

The  Egyptian  method  is  perhaps  the  most  an- 
cient, and  one  of  the  most  interesting.  In  theory 
it  is  almost  identical  with  the  Julian  method, 
yet  how  different  in  its  practical  results!  It 
divides  the  year  into  12  months  of  30  days  each, 
with  5  additional  intercalary  days  (i.e.  belonging 
to  no  particular  months,  but  makeweights,  as  it 
were).  This  year  of  365  days,  however,  is  in 
error  ^  day  each  j^ear,  and,  therefore,  365  days 
(1460  X  5-)  days)  in  1460  years  (inagmis  annus'). 
Hence  at  this  period  we  should  come  back  to  our 
true  starting  place,  and  the  commencements  of 
oiu"  civil  and  natm'al  years  would  agi-ee.  It  is 
needless  to  remark  on  the  inadequacy  of  this  me- 
thod. It  would  only  be  endurable  for  ^  part  of 
the  time,  dm'uig  each  magmis  annus,  within  which 
the  error  would  not  be  more  than  a  month  either 
way ;  but  for  the  other  1217  years  we  should 
have  the  seasons  all  altered  from  their  standard 
positions  by  at  least  more  than  a  month. 

The  Persian  method  made  nearer  approach  to 
a  good  calendar.  They  had  the  same  system  of 
12  months  of  30  days  each,  with  5  additional 
intercalated  days;  but  they  added  a  thirteenth 
month  (30  days)  at  the  end  of  each  120th  year. 
This  secm'ed  a  counterpoise  for  the  errors  of  a 
quarter  of  a  day  per  year,  accumulated  during 
that  period.  Dm-ing  60  years  of  each  120,  how- 
ever, the  year  was  still  more  than  a  fortnight  out 
of  place,  and  though  its  restoration  to  a  true 
state  was  indeed  provided  for,  the  fact  of  that 
error  was  not  removed,  and  the  same  provision 
which  at  first  brought  back  the  true  year  brought 
bade  the  error  afterwards.  The  Julian  method, 
and  the  Gregorian,  with  the  various  improve- 
ments whicli  may  be  applied  to  that,  when  ne- 
cessary-, are  detailed  in  the  article  Bissextile. 
The  J  ulian  provided  for  a  restoration,  every  four 
years,  of  the  agreement,  and  if  the  true  year  had 
been  365^  days,  would  have  been  perfect.  The 
Egyptian  and  Persian  methods  failed  also  in  con- 
sidering this  as  the  true  year,  although  the  close 
approach  to  the  truth  is  much  more  remarkable  in 
this  case  than  the  slight  deviation  from  it.  The 
methods  by  which  the  day  and  the  lunation  are 
brought  to  agree,  arc  detailed  in  the  article  Cycle, 

Cnlill>i-c  : — the  diameter  of  the  chamber  of 
fire-arms.  The  word  is  mostly  used  in  regard  to 
mortars,  howitzers,  and  swivels.    The  dimen- 
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usually'  indicated  by  the 


For  ele- 


sinns  of  cannon  are 
■weight  of  the  bullet. 

€alippic  Pci-iotl.    See  Cyclk. 

Calliope.    One  of  the  asteroids 
nicnts,  &c.,  see  Asteroids. 

Caloi-ic : — a  technical  term  once  extensively 
used  ill  physical  science.  It  was  meant  to  stand 
in  that  opposition  to,  and  connection  with,  Heat, 
that  Cause  does  to  Effect.  By  Caloric,  physicists 
meant  the  hidden  cause  of  the  sensation  and  phe- 
nomena of  Heat.  The  term  is  now  dispensed  with. 
The  entire  theoretical  part  of  the  subject  will  be 
treated  in  this  Dictionary,  under  Heat. 

Calorimeter.  An  instrument  intended  to 
measure  the  amount  of  heat  contained  in  bodies. 
Various  calorimeters  are  in  use.  The  one  perhaps 
most  simply  explained  is  constructed  as  foUoAvs : 
Take  a  cylinder  and  put  in  it  a  known  quantity 
of  the  hot  substance,  the  amount  of  heat  given 
off  by  which  it  is  to  be  examined.  Surround  it 
with  another  cylinder  filled  with  unmelted  ice, 
which,  in  order  to  prevent  communication  of  heat 
to  it  fi'om  the  air,  is  enclosed  in  a  third  cyhnder 
also  filled  with  ice.  A  pipe  from  the  bottom  of 
the  second  cylinder  conducts  the  water  that  flows 
off.  It  does  not  communicate  with  the  water 
melted  from  the  ice  in  the  third  cylinder, 
although  its  mouth  be  placed  quite  at  the  bottom 
of  the  second,  for  the  ice  remaining  in  the  third 
being  lighter  than  the  water  in  it,  this  water  is 
kept  at  the  bottom,  and  is  not  permitted  it  to 
reach  the  mouth  of  the  tube.  The  bod}-  inside 
will  then  be  reduced  to  32",  and  the  water  that 
comes  out  is  measm-ed.  Now  it  is  known  that 
it  takes  141"  Fahr.  to  convert  ice  into  water.  If 
we  know  then  the  amount  of  ice  melted,  141  times 
the  mmiber  of  lbs.  in  it  is  the  number  of  thermal 
units  Fahrenheit  given  off  by  the  body  experi- 
mented upon.  If,  further,  the  number  of  lbs.  in 
the  body  be  known,  we  can  easily  calculate  the 
number  of  thermal  units  given  off  by  each  lb.  of 
the  substance,  in  falling  from  the  temperatm-e  at 
which  it  Avas  introduced  into  the  cylinder  to  32° 
Fahr.  A  lb.  of  water  would  fall  in  that  case  by 
as  many  thermal  units  as  the  degrees  in  tempera- 
ture, less  by  32° — and  dividing  that  result  by 
this,  the  sjjecific  heat  of  the  body  is  obtained. 
To  ascertain  this  is  the  ultimate  aim  of  the  calori- 
meter. 

This  method,  however,  which  Lavoisier  and 
Laplace  employed,  is  found,  though  theoreticallj', 
very  excellent,  to  give  practical  results  far  from 
trustworthy.  Another  consists  in  mixing  a  cer- 
tain weight  of  the  body,  to  be  exammed,  with  a 
definite  weight  of  water,  and  observing  the  tem- 
perature of  the  mixture.  Thus ;  suppose  a  pound 
of  metal  filings,  at  80'^  Fahr.,  be  set  to  float  in  a 
lb.  of  water  at  100°  Falir.,  and  the  resulting 
mixture  be  found  at  1;he  temperature  99°  Fahr., 
this  would  prove  that  the  loss  of  one  degree  of 
temperature  from  water  compensates  for  a  gain 


of  19°  in  temperature  of  the  mixture.  The 
amounts  of  heat  lost  and  gained  must  be,  how- 


ever, the  same,  and  hence  it  only  takes  1-1 9th 
part  of  the  heat  to  raise  a  lb.  of  the  metal 
through  one  degree  that  it  does  to  raise  a  lb.  of 
water.  The  specific  heat  then  is  l-19th.  This 
is  the  principle  on  which  the  process  founds. 
There  is  also  the  method  of  cooling,  which  gives 
the  most  satisfactory  calorimetric  results  of  afl. 
The  substances  are  placed  within  cylindrical 
vessels,  heated  to  the  same  temperatures,  and 
allowed  to  cool  down.  The  cylinder,  witli  a 
constant  fonn  and  quality  of  substance,  radiates 
off  the  same  amount  of  heat  for  the  same  given 
temperatures,  so  that  the  time  of  cooling  of  the 
respective  bodies  through,  say  1°  of  tempcraturi 
wLU  indicate  the  comparative  amounts  of 
which  each  body  possessed.  If  thus,  the 
takes  five  minutes  and  the  other  two-and-a-' 
there  is  given  off  twice  as  much  heat  bj'  the 
body  as  by  the  second,  with  the  same  lowei 
of  temperature.  It  takes,  therefore,  vice  versa, 
twice  as  much  heat  to  raise  the  first  through  one 
degi'ee  of  temperature  as  the  second.  The  speci- 
fic heat  is  thus  found.  The  reader  will  readily 
see  that  the  two  bodies  will  not  be  quite  at  the 
same  temperatures,  at  any  instant  after  the  first, 
and  the  process  above,  founduig  on  a  law  that 
assumes  this,  wiU  require  certain  modifications. 

Caloiype.  This  name,  signifymg  beautiful 
picture,  is  the  term  chosen  by  Mr.  Fox  Talbot  to 
designate  the  exquisite  process  of  his  invention, 
by  which  the  images  of  the  camera  obscura  are 
fixed  on  paper,  from  which  aftera-ards  other 
photographic  copies  are  taken,  and  pictures  pro- 
duced equal  in  accuracy  and  effect  to  those  of  [ 
the  celebrated  daguerreotype,  and,  indeed,  in 
some  respects  greatly  superior.  The  distinguish- 
ing peculiarity  of  the  calotype  consists  in  the 
use  of  the  organic  substance,  gallic  acid,  to 
heighten  the  sensitiveness  of  the  salts  of  silver. 
The  general  fact  that  organic  substances,  when 
mixed  with  solutions  of  nitrate  of  silver,  tend  to 
aid  its  decomposition  by  light,  has  been  loni: 
known.  For  example,  we  may  safely  expoif 
without  change  to  the  rays  of  the  sun  a  bottle  of 
nitrate  of  sUver  dissolved  in  distilled  water.  Bui 
if  the  water  has  been  river  water,  or  contains 
even  the  smallest  quantity  of  animal  or  vegetable 
matter,  an  immediate  decomposition  commences, 
and  in  a  short  time  a  black  precipitate  at  the 
bottom  of  the  vessel  shows  us  that  we  hare 
neglected  to  cover  the  bottle  with  an  opaque 
wrapper.  Mr.  Talbot  has  the  merit  of  having 
taken  full  advantage  of  this  property,  and  thus 
rendered  an  inestimable  service  to  photographic 
art. 

Since  the  first  publication  of  the  process,  ex- 
perience has  showii  that  in  some  of  its  details  it 
may  be  somewhat  improved.  It  will  not  be  ne- 
cessary here  minutely  to  specify  many  of  these, 
but  rather,  to  j^-event  confusion,  to  confine  our- 
selves to  two,  which  seem  to  be  the  best  in  their 
cflects  and  the  most  certain  in  their  results.  Th' 
first  to  be  mentioned,  viz.,  that  in  which  tlie 
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lio-nitrate  of  silver  is  used,  is  the  most  sensi- 
and  will,  tlierefore,  be  used  for  portraits 
d  Other  purposes  where  speed  is  required.  The 
lior,  wherein  the  acid  nitrate  of  silver  in  part 
is  the  place  of  the  gallic  acid  compound,  is 
-  delicate,  and,  perhaps,  more  certain,  requiring 
longer  time  of  exposure  in  the  camera,  and  is 
eiefore  only  suited  for  landscape  views  and  the 
i  lying  of  still  life. 

The  paper  selected  should  be  free  from  spots 
leu  seen  by  transmitted  light;  Carson's  an- 
ore  well.    Being  cut  to  the  required  size,  it  is 
be  subjected  to  the  first  process,  called  iodizing, 
lis  is  done,  either  by  the  double  process — that 
by  the  application  first  of  the  nitrate  of  silver, 
1  subsequently  by  the  iodide  of  potassium — or 
the  simple  process  of  applying  the  iodide  of 
ver  at  once.    The  latter  is  now  considered  the 
I'ferable  mode;  iodized  papers  are  also  sold  in 
I'  shops  ready  for  use.    The  double  process  of 
lizing  is  as  follows : — The  paper  being  fixed 
silver  pins  to  a  board  slightly  larger  than 
elf,  is  held  nearly  vertical,  and  brushed  evenly 
1  thoroughly  from  above  downwards,  with  a 
lution  of  nitrate  of  silver,  twenty  grains  to  the 
nee  of  distilled  water.    The  brush  must  be 
ige  and  soft,  and  no  running  or  superfluous 
juid  must  be  left  on  the  paper.    It  is  now 
V'wed  to  hang  and  dry.    In  some  respects,  a 
tter  process  is  to  employ  a  larger  quantity  of 
e  solution,  and  to  float  the  paper  on  it  in  a  flat 
-b,  slightly  turning  up  the  opposite  edges  pre- 
ously,  and  taking  care  that  the  back  be  kept 
y.    Supposing  now  that  the  silver  coating  has 
en,  by  either  of  those  processes,  properly  ap- 
ied,  by  the  light  of  a  taper  or  candle  the  paper 
now  to  be  placed  with  the  prepared  side  on  the 
rface  of  a  solution  of  iodide  of  potassium,  twenty 
ains  to  the  ounce  of  water,  with  the  addition  of 
e  grains  of  common  salt,  this  being  poured 
to  a  flat  dish  of  the  proper  size.    Care  must  be 
ken  to  keep  the  upper  side  di-y,  and  that  the 
rt-er  be  thoroughly  wetted  by  drawing  it  back 
d  forward.    It  may  be  allowed  to  remain  on 
e  solution  for  about  three  quarters  of  a  minute, 
a  whole  minute,  but  not  longer,  as  the  iodide 
silver  would  be  redissolved.    Having  dripped 
the  superfluous  adherent  solution,  place  the 
piper  on  its  back  to  allow  time  for  a  complete 
etration,  and  the  thorough  change  of  the 
rtrate  to  the  iodide  of  silver,  so  that  no  black 
iains  afterwards  may  result  from  neglect.    It  is 
•>w  to  be  floated  witli  the  prepared  side  down- 
wrd,  on  a  vessel  of  clean  water,  which  easilv 
■toiatens  the  whole  surface,  as  it  has  been  placed 
a  it  when  only  about  half  dry.    It  is  allowed 
-remain  for  ten  minutes,  in  order  that  the 
rire  which  has  been  formed  on  the  paper,  and 
■  «  remaming  iodide  of  potassium  may  be  washed 
■ay.    It  is  now  to  be  hung  up  to  dry.  In 
IS  state  the  paper  will  keep,  if  enclosed  in 
boolf,   and  light  excluded,  till  the  period 
i^aen  it  is  to  be  used  in  the  camera.  The 
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next  part  of  the  process,  wliich  is  called 
exciting  the  paper,  is  only  to  be  carried  out 
shortly  before  it  is  to  be  exposed — indeed  the 
shorter  the  better,  and  in  general  more  than 
twenty-four  liours  should  not  elapse.    Tlie  room 
must  be  thoroughly  darkened,  and  no  other  light 
used  than  that  of  a  candle  at  the  distance  of  a 
yard.    The  exciting  liquid  called  the  gallo-ni- 
trate  of  silver  is  prepared  by  mixing  equal  quan- 
tities of  the  two  following  solutions,  viz.,  a  satu- 
rated solution  of  crystallized  gallic  acid  in  dis- 
tOled  water  (excess  of  crystals  being  always  kept 
in  the  bottle,  and  allowed  to  subside  for  ten  min- 
utes before  pouring  out),  and  a  solution  of  50 
grains  of  nitrate  of  silver  to  each  ounce  of  distilled 
water,  to  which  last  has  been  added  -J-th  of  its 
bulk  of  glacial  acetic  acid.    Solutions  of  half 
these  strengths  are  more  certain  in  their  results, 
though  less  rapid  in  their  action.    This  mixture 
is  to  be  made  in  such  a  quantity  only  as  is  indis- 
pensably necessary  for  properly  moistening  the 
smface  of  the  paper,  and  is  to  be  used  immedi- 
ately, as  it  begins  in  a  few  minutes  to  imdergo 
spontaneous  decomposition.    For  applying  it  to 
the  iodized  surface  of  the  paper,  either  of  the  fol- 
lowing modes  may  be  adopted.    A  piece  of 
smooth  and  flat  plate  glass  is  to  be  converted 
into  a  shallow  trough  by  having  a  small  slip  of 
paper  pasted  round  it,  to  prevent  any  of  the 
liquid  running  off",  if  it  should  happen  to  come  to 
the  edges.    This  plate  being  rendered  level,  the 
requisite  quantity  of  the  gallo-nitrate  is  to  be 
spread  over  it  with  a  glass  rod,  and  the  prepared 
paper  gently  pressed  into  contact  with  it,  all  over, 
care  being  taken  still  to  keep  the  upper  side  dry. 
The  paper  may  also  be  pinned  down  by  silver 
pins  to  a  piece  of  wood,  and  a  smooth  glass  rod 
laid  on  it.    In  front  of  the  rod,  and  in  contact 
with  its  whole  length,  the  gallo-nitrate  is  poured, 
and  is  then  spread  over  the  paper  by  gently  and 
steadily  moving  the  rod  forward  over  the  surface. 
As  soon  as  the  surface  has  been  wetted  by  either 
process,  the  paper  must  be  immediately  removed 
into  a  vessel  of  water,  and  washed  by  moving 
gently,  changing  the  water  several  times.  It 
must  be  allowed  to  drain  for  a  little,  and  then 
placed  in  the  camera,  or  if  that  is  not  convenient, 
it  is  pinned  up  to  dry,  and,  while  still  somewhat 
damp,  put  into  the  slide  or  the  portfolio  with 
care,  remembering  the  tender  natm-e  of  the  sensi- 
tive surface. 

The  time  of  exposure  for  this  very  sensitive 
paper  will,  of  course,  vary  with  the  strength  of 
the  light,  but  in  general  from  thirty  seconds  to 
four  or  five  minutes  will  suffice.  On  being  re- 
moved from  the  camera  slide,  which  must  be  done 
only  in  the  feeble  light  of  a  candle  or  a  small  piece 
of  yellow  glass  inserted  in  a  window-shutter,  no 
picture  will  be  visible,  the  process  called  develop- 
ment being  necessary.  This  is  effected  by  tlie 
reapplication  of  the  same  gallo-nitrate  solution, 
and  in  llic  same  manner  as  before.  As  soon  as 
this  is  applied  the  picture  is  to  be  held  against  a 
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jet  of  steam  issuing  from  some  such  apparatus  as 
a  common  tea  kettle.  Tlie  development  must 
be  watclied,  the  high  lights  appearing  first  as 
darlc  spots,  and  other  parts  coming  out  succes- 
sively till  even  the  smaller  details  begin  to  appear, 
when  it  is  to  be  immediately  washed  by  dipping 
in  -water. 

Tlie  picture  is  now  to  be  fixccl^  or  rendered 
insensible  to  further  change,  by  steeping  in  warm- 
ish water,  renewing  it  several  times — and  is  then 
to  be  pressed  between  folds  of  bibulous  paper.  It 
is  now  allowed  to  soak  for  about  a  day  in  a  so- 
lution of  hyposulphate  of  soda  of  the  strength  of 
half  an  ounce  to  twenty  ounces  of  water.  No- 
thing further  is  necessary  than  to  thoroughly 
wash  this  last  solution  out  of  the  paper,  by 
allowing  it  to  soak  in  a  large  quantity  of  water 
for  several  days,  frequently  changing  the  Avatcr, 
until  ever}'  trace  of  a  sweetish  taste  is  gone,  in 
order  to  insm-e  that  none  of  it  be  left.  If  this  be 
not  attended  to,  the  effect  will  be  a  slow  decom- 
position of  the  dark  parts  of  the  picture,  by 
which,  in  the  course  of  time,  it  wiU  be  injured,  if 
not  altogether  obliterated. 

The  picture  so  obtained  is  what  is  called  a 
negative  picture,  that  is,  the  lights  and  darks  are 
reversed,  so  that  another  process  becomes  neces- 
.sary  for  agam  reversing  this,  and  producing  the 
same  appearances  as  in  nature.  In  this  case  the 
camera  is  unnecessary.  The  negative  is  placed 
with  its  prepared  side  on  the  sensitive  surface  of 
another  sheet  of  paper ;  a  piece  of  glass  is  pressed 
on  both  to  insure  close  contact ;  sunlight  is  al- 
lowed to  penetrate  the  negative  and  to  darken 
the  parts  opposite  the  lights  on  the  second  or 
sensitive  surface,'  while  the  parts  opposite  the 
opaque  portions  of  the  negative  are  protected; 
and  we  thus  get  a  reversed  copy,  with  the  lights 
as  in  natm-e.    This  is  called  printing. 

Various  modes  oiiireparing  the  sensitive  pajjer 
for  printing  have  been  adopted,  in  some  of  which 
the  albumen  of  eggs  is  used  to  give  additional 
sharpness  to  the  impression.  The  following  pro- 
cess answers  well.  Dissolve  fifty  grains  of  nitrate 
of  silver  in  an  ounce  of  distilled  water,  and,  drop 
by  drop,  add  strong  liquid  ammonia,  till  the 
liquid,  which  at  first  becomes  tuibid,_  again 
clears,  taking  care  not  to  add  more  than  is  sufli- 
cient.  Prepare  the  paper  by  dipping  it  in  a 
solution  of  common  salt  in  water,  of  tlie  sticngth 
of  two  gi-ains  to  the  ounce;  press  it  in  blotting 
paper,  and  having  allowed  it  to  dry,  the  fore- 
mcntiimod  solution  of  silver  is  to  be  brushed  over 
it  in  the  manner  formerly  mentioned  in  the  pre- 
paration of  the  calotype  paper,  or  it  may  be 
«,.rcad  on  the  glass  slab,  wliich  is  preferable. 
Allow  it  to  dry,  and  the  paper  is  fit  for  use.  It 
is  to  be  placed  under  the  negative,  as  formerly 
mentioned,  and  exposed  to  light.  The  progress 
of  the  printing  must  occasionally  be  watched,  by 
removing  tlie  glass  and  papers  into  a  darkened 
room,  and  cautiously  lifting  the  edge  of_  the  ne- 
gative, which  is  prevented  from  shifting  Us  place 


by  the  finger  or  a  little  gum.  The  process 
only  to  be  arrested  after  the  exposure  appears  t 
have  been  somewhat  excessive  by  tlic  darkening, 
slightly,  even  of  the  most  protected  parts,  or 
what  are  the  highest  lights.  The  subsequent 
process,  of  fixing,  restores  them,  lia\'ing  a  tci;- 
dency  to  lighten  the  whole  picture.  It  is  now  to 
be  steeped  for  a  short  time  in  warm  water,  and 
soaked  afterwards  in  the  same  strength  of  a  so- 
lution of  hyposulphate  of  soda,  as  used  in  tKe 
calotype  negative,  and  well  waslied  in  a  succes- 
sion of  waters,  so  as  to  remove  the  last  trace  of 
hyposulphate 

The  modified  process  of  the  calotype,  in  which 
aceto-nitrate  of  silver  is  used,  with  only  a  small 
quantity  of  gallic  acid — alluded  to  at  the  begin- 
ning of  this  article,  may  now  be  described.  A 
solution  called  the  aceto-nitrate  of  silver  is  to  be 
prepared  as  follows: — Nitrate  of  silver,  thirty 
grains ;  acetic  acid  (glacial),  one  drachm ;  water, 
one  ounce,  can  be  mixed  together.  The  iodized 
paper,  as  in  the  ordinary  calotj^pe,  is,  by  either 
of  the  processes  formerly  described,  to  be  evenly 
wetted  with  the  following  mixture,  prepared  at 
the  moment  only  in  barely  suflicient  quantity: — 
into  a  small  glass  measure  or  conical  wine  glass, 
in  which  has  been  inserted  a  filter  of  bibulous 
paper,  about  the  size  of  a  half-crown  piece,  drop, 
so  as  to  filter  it,  four  drops  of  the  aceto-nitrate 
solution,  then  removing  the  filter,  add  two 
drachms  of  distilled  water,  and  then  drop  in  foiu: 
di'ops  of  the  saturated  solution  of  gallic  acid. 
This  having  been  spread  on  the  iodized  paper,  is 
to  be  allowed  to  remain  on  for  fifty  or  sixty 
seconds,  when  it  is  to  be  blotted  off  with  a  single 
sheet  of  bibulous  paper.  Allow  it  to  remain  im- 
til  half  dry,  and  it  is  ready  for  the  camera.  The 
time  of  exposure  in  the  camera  may  be  from  four 
minutes  to  half-an-hour,  according  to  the  nature 
of  the  subject  and  the  strength  of  the  light.  It 
is  now  to  be  developed,  which  ought  to  be  done 
within  a  few  hours  after  its  excitement.  This 
must  be  carried  on,  as  well  as  the  preparation,  in  a 
darkened  room,  and  with  no  other  light  than 
that  of  a  candle.  For  the  development,  first,  as 
much  of  the  gallic  acid  solution  must  be  poured 
on  as  when  spread  with  the  glass  rod,  to  cover 
the  surface;  then  pour  on  about  a  similar  quan- 
tity of  the  aceto-nitrate  of  silver,  and  lun  ing 
also  spread  it,  allow  the  whole  to  rest  during  four 
or  five  minutes,  after  which,  pour  on  and  spread 
a  little  more  gallic  acid,  repeating  the  same 
operations  till  the  development  is  completed, 
taking  care  in  each  of  the  processes  to  Avet  the 
paper  quite  to  the  edge,  to  prevent  warping.  U 
is  now  to  be  washed  in  three  or  four  -watei-s,  and 
afterwards  fixed  as  in  the  process  already  de- 
scribed. 

C':inici'a  liiiridn.  Tliis  instrument  is  more 
recent  in  construction  than  the  Camera  Obscura. 
There  arc  two  different  instruments  to  wliich  the 
name  is  ap]iliod.  The  first  is  that  of  Dr.  Hook. 
It  is  described  as  a  contrivance  for  making  Uia 
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36  of  anything  appear  on  a  wall  in  a  light 
in,  either 'by  day  or  by  night.    He  requires 
large  hole,  about  a  foot  in  diameter,  to  be 
ade  in  the  wall  opposite  to  which  the  represen- 
tion  is  to  be  given.   The  object  is  placed  out- 
le,  inverted,  and  a  convex  lens  also  placed 
itside.    An  image  will  be  distinctly  seen  upon 
e  wall,  if  the  object  be  very  powerfully  illumi- 
itetl — and  in  its  proper  position.    If  the  ob- 
ct  cannot  be  conveniently  inverted,  as  may  be 
lagmed  sometimes,  two  convex  lenses  must  be 
Cloyed,  at  distances  proportioned  to  their  re- 
otive  focal  distances,  and  the  distance  of  the 
iject  in  question.  A  full  account  of  this  instru- 
cat  is  given  in  the  Philosophical  Transactions, 
0.  38.    Its  only  peculiarity  is,  that  it  serves 
a  light  room  as  the  camera  obscm-a  in  a  dark 
le. 

The  Camera  Lucida  of  Dr.  "Wollaston  is  an 
strament  susceptible  of  much  more  varied  ap- 
ication.  It  is  intended  to  facilitate  the  per- 
lective  delineations  of  objects.  In  its  simplest 
rm,  the  camera  lucida  is  merely  a  piece  of 
nooth  glass  fixed  at  45°  to  the  horizon.  An 
lage  from  a  horizontal  object  falling  on  this 
iass,  will  be  partly  reflected,  and  that  in  the 
Brtical  (according  to  the  principle  of  equality  of 
le  angles  of  incidence  and  reflection),  and  an  eye 
oking  down  vertically  will  see  the  image,  and 
5  able  to  ti'ace  it  out  upon  paper  below,  from 
le  transparency  of  the  glass.  As  the  reflection, 
jwever,  is  only  once  here,  the  image  seen  on  the 
aper  will  be  inverted.  Even  in  this  case,  we 
ill  describe  the  outline  with  a  pencil  on  the 
aper  below. 

If,  again,  a  smooth  mirror  be  held  at  22J° 
)  the  horizon,  and  a  plane  glass  at  22J°  from 
16  vertical,  an  image  will  be  reflected  doubly, 
ill  represent  itself  verticallj',  and  will  be  shown 
1  its  true  position.  This,  again,  can  be  traced 
at  distinctly  with  the  pencil. 

A  practical  difficulty,  however,  suggests  itself, 
he  image  on  the  glass,  and  the  pencil  print  on 
le  paper,  are  at  distances  sensibly  different  in 
ny  ordinary  instrument ;  hence  the  eye,  fitted 
)  receive  impressions  from  the  one,  is  not  so  to 
iceive  them  from  the  other.  A  convex  lens  is 
n  ployed,  in  order,  in  effect,  to  make  the  image 
f  the  glass  and  that  on  the  paper  coincide. 

0  same  object  is  attained  by  the  use  of  a  con- 
e  glass  between  the  object  and  the  muTor. 
Ills  latter  method  is  better  adapted  for  near- 
ighted  people. 

The  most  usual  form,  however,  in  which  the 
amera  is  found  is  that  of  a  prism,  which  answers 
he  purposes  of  the  mkror  and  the  glass.  It  is 
r  this  form,  having  the  angles  which  b  c  make 
.  ith  the  horizon,  and  b  a  with  the  vertical,  re- 
l  iRctively  22^°.    The  ray  f  o  is  not  permitted, 

cording  to  the  refractive  laws,  to  be  thrown 
.om  a  rarer  medium  into  a  denser,  at  more  than 
.  certain  angle.  Hence  it  is  all  reflected  from 
i  up,  on  B  A  at  H,  and  reflected  from  it  again  up 
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in  the  line  H  B.  Now,  the  prism  not  being  so 
transparent  as  the  plane  glass  plate,  some  means 
must  be  adopted  of 
seeing  past  the  prism. 
One  part  of  the  eye,  a 
thereforcjseestheimage 
at  H,  and  the  other 
part  in  fact  sees  the 
plane  paper  below. 
But  the  laws  of  our 
mental  nature  will  not 
readily  permit  us  to 
imagine  a  double  sen- 
sation corresponding  to  the  true  double  vision,  and 
the  paper  thus  appears  to  us  to  have  the  image 
of  the  object  traced  upon  it.  The  same  methods 
are  applicable  here  as  before,  to  make  the  image 
and  the  paper  coincide  as  nearly  as  possible. 

Copies  obtamed  by  the  instrument  of  any 
drawings,  may  be  either  on  a  larger  or  smaller 
scale  than  the  original.  If  the  copy  is  to  be 
equal  in  size  to  the  drawing,  the  paper  must  be  as 
far  from  the  eye-piece  as  the  object  from  the 
prism,  and  so  in  proportion. 

The  instrument  is  difiicult  to  use  satisfactorily, 
and  many  people,  probably  fi-om  some  physical 
peculiarity  in  the  visual  organ,  are  not  able  to 
employ  it  weU  at  any  time.  It  offers,  neverthe- 
less, considerable  advantages.  Its  small  bulk 
and  portability  are  remarkable.  It  is  not  in  the 
least  injured  by  being  made  small.  A  good 
instrument  will  pack  in  a  box  eight  inches 
by  two,  and  half-an-inch  deep.  There  are, 
further,  no  lines  distorted,  as  we  shall  point  out 
to  be  always  the  case  with  the  camera  obscura, 
to  a  greater  or  less  extent ;  and  the  field  of  ob- 
servation, generally,  may  be  more  than  twice  as 
wide  as  the  distinct  field  of  the  camera  obscura. 

Camera  Obscura.  Of  the  two  optical  instru- 
ments that  are  termed  camersje  or  chambers,  this 
is  the  more  ancient.  The  fii-st  account  of  it  was 
published  in  Baptista  Porta's  Magia  Naturalis, 
17,  6,  the  first  four  boolcs  of  which  were  published 
in  1560,  although  the  work  was  not  completed 
until  1590.  The  invention  has  been  claimed  on 
very  slight  grounds  for  Koger  Bacon.  The  con- 
struction which  Porta  gives  is  the  following : — A 
circular  hole  is  to  be  made  in  the  shutter  of  a  win- 
dow, from  which  there  is  a  good  view  of  any  pro- 
minent object,  not  too  near,  and  in  this  hole  a 
convex  glass,  single  or  double,  (fig.  1)  is  to  be 
placed,  having  a  focus  at  the  distance 
of  from  six  to  twelve  feet.  It  should 
not  be  less  than  three  feet  at  least,  or 
the  images  will  become  very  small, 
or  greater  tlian  fifteen  at  most,  or  they 
will  become  confused  and  indistinct, 
and  the  colouring  faint.  Let  the  room  be  com- 
pletely darkened,  except  through  the  light  so  ad- 
mitted. Atthefocaldistancefrom  the  apcrtiu-e  place 
a  piece  of  paper,  very  white,  and  bend  it  as  near 
as  possible  to  the  shape  of  a  segment  of  a  spherical 
surface,  having  the  focal  distance  for  radius.  If 
97  H 
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this  paper  now  be  fixed  on  a  frame  of  this  figure, 
and  attached  to  a  moveable  stand,  for  the  purpose 
of  accurate  adjustment  to  distinct  vision,  the 
apparatus  -will  be  completed.  Tlie  images  of  all 
the  objects  outside  will  be  seen  very  distinctly 
upon  the  white  surface,  in  an  inverted  position, 
but  ■with  the  greatest  fidelitj'.  Every  movement 
in  any  of  them  will  be  beautifully  represented  on 
the  paper. 

The  inversion  of  images  is  an  objection  which 


Fig.  2. 

is  readily  removed  (fig.  2).  Or,  if  a  large 
concave  mirror  be  placed  at  a  proper  distance 
before  the  picture,  or  if  two  lenses  be  employed, 
in  a  tube  which  draws  out,  instead  of  the  one 
described,  we  shall  have  the  images  in  their 
natural  position.  Fig.  3  will  explain  the  manner 
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in  which  the  image  is  formed.  It  is  obtained, 
inverted,  at  the  posterior  focus  of  the  lens.  The 
ray  A  e  passes  down  as  A'  e.  The  effect  of  the 
lens  so  far  is  a  simple  concentration  of  the  rays. 
The  cu-cular  form  of  the  frame  is  the  most  advan- 
tageous that  can  be  adopted,  in  order  to  have  the 
whole  picture  as  nearly  as  possible  in  the  focus  of 
the  lens.  If  the  paper  were  plane,  the  picture 
would  be  only  distinct  in  the  middle,  shading 
away  into  indistinctness  on  the  sides.  The  pro- 
portions of  its  parts  could  not  be  preserved.  The 
outer  rays  would  be  dispersed  more  than  the 
Lmer.  The  magnitude  of  the  image  so  obtained 
will  be  in  proportion  to  the  relation  between  the 
di:3tance  of  the  object  and  the  focal  distance  of 
the  lens.  A  good  deal  of  light  shining  upon  the 
object  is  necessary  to  render  the  picture  quite 
distinct,  and  to  represent  the  colour  cleariy.  The 
instrument  is  so  interesting  that  very  many 
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portable  camerae  have  been  constructed.  The 
one  represented  here  is  perhaps  the  simplest. 

In  the  modem  camera  the  delineation  may  be 
made,  as  in  the  original  darkened  chamber,  upon 
paper  bent  into  a  circular  form.    Dr.  WoUaston 
proposes  that,  in  order  to  be  enabled  to  employ  a 
plane  of  paper,  a  meniscus  lens  should  be  em- 
ployed, instead  of  the  single  or  double  convex, 
and  tills  would,  if  the  concave  side 
be  next  the  object,  produce  a  gi'eater 
lengthening  of  the  marginal  than  of  — 
the  central  rays.    This  lengthening  2- 
may  be  so  adjusted  to  the  size  of  the  lens,  and 
the  ratio  of  its  radii,  as  to  render  it  safe  to  em- 
ploy a  plane  surface. 

The  camera  was,  until  recently,  considered 
chiefly  as  an  interesting  philosophical  toy.  Since 
the  invention  of  photography,  it  has  become  of 
the  greatest  importance.  The  accuracy  of  the 
pictures  depended,  in  the  first  instance,  on  the 
possibility  of  obtaining  a  distmct  clearly  defined 
optical  image  on  the  photographic  material,  and 
as  very  many  objects  can  only  remain  at  rest  for 
brief  periods,  this  was  to  become 
possible  in  the  shortest  space  of 
time.  The  latter  requirement  is 
answered  partly  by  the  sensitive- 
ness of  the  chemical  preparations 
spread  over  the  photographic  sur- 
face— partly  by  the  intensity  of 
the  light  which  the  camera  can 
throw  upon  the  object. 

The  improvements  immediately 
rendered  indispensable  in  the  ca- 
mera by  those  requirements  are 
pretty  evident.  The  length  of  the 
focal  distance  in  the  old  cameras  was  not  material 
In  the  photographic  camera  it  became  of  the  great- 
est importance,  at  once  for  convenience,  and  from 
the  necessity  of  a  rapid  impression  already  pointed 
out,  and  a  concentration  of  light  as  great  as  pos- 
sible. Achromatic  object  glasses  Avere  at  once 
seen  to  be  necessary  to  preserve  the  image  clear 
and  distmct;  and  above  all,  it  became  of  impor- 
tance that  it  should  become  possible  to  throw  the 
picture  accmately  in  its  con-ect  proportions  on  a 
plane  smface,  even  though  tlie  field  of  view  was 
prcttj'  large.  To  a  certain  extent  the  latter  is 
impossible,  but  science  and  art  together  have 
given  a  perfection  to  the  photographic  camera 
which  could  not  have  been  readily  anticipated. 
For  the  details  of  the  instruments  by  which  these 
requirements  are  now  sought  to  be  satisfied,  see 
Hunt's  Photography. 

Canals.  Artificial  courses  of  water  for  sani- 
tary, agricultural,  or  commercial  purposes.  The 
first  kind  are  intended  to  drain  marshy  ground, 
or  inundated  territory;  the  next  to  distribute 
water  from  an  elevated  reservoir  over  the  un- 
watercd  countrj';  the  third  and  most  important, 
for  the  transmission  of  merchandise — sometimes 
even  for  the  passage  of  ships.  Some  of  these 
latter  are  constructed  along  the  bed  of  a  stream, 
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I jiist  beside  it,  because  very  little  requires  so  to  be 
tcut  through  where  the  stream  has  worn  a  passage 
(tfor  itself.  They  malce  use  of  the  water  of  the 
aac^acent  stream,  merely  replacing  it,  with  its 
nnatural  irregularities,  by  a  perfectly  regular 
itream.  The  canak  which  have  lochs,  are  how- 
rever,  more  common,  because  capable  of  containing 
blarger  supplies  of  water  in  general,  and  requiring 
BQO  original  arrangement  of  circumstances  in  a 
Uocality,  such  as  it  is  not  always  easy  to  pro- 
ccnre.  The  lock  is  simply  a  part  of  the  channel 
where  naturally  there  would  be  a  fall  of  water 
Erfrom  a  descent  in  the  level  of  the  country, 
md  where  two  moveable  folding  doors,  as  it 
•were,  are  inserted  from  top  to  bottom  of  the 
ecanal. 

Cancer  (the  Crab).  In  the  division  of  the 
KBdiptic,  Cancer  occupies  a  place  between  90°  and 
1120°  from  the  vernal  equinox.  It  contains  no 
wery  large  star.  It  is  surrounded  by  Hydra, 
LLeo,  Lynx,  Gemini,  and  Canis  Minor.  Its"  sign 
I3S  a  zodiacal  constellation  is  25.  It  has  for 
learly  2,000  years,  in  consequence  of  precession, 
lot  been  found  between  90°  and  120°  fi-om  the 
spqumox,  i.  e.,  coinciding  with  the  sign.  See 
riaopic. 

Canes  Tenatici  {Hunting  Dogs).  A  con- 
itellation  added  by  Hevelius.  On  the  celestial 
felobe  the  dogs  are  represented  as  held  in  a  leash 
ipy  Bootes.  The  constellation  is  near  Coma 
(Berenices  and  Ursa  Major. 

Cauls  major  {the  Gi-eater  Dog).  A  con- 
itellation  contaming  Sirius  (the  dog-star).  The 
ionstellation  is  found  by  the  presence  of  this  star, 
rWhich  is  in  the  continuation  of  the  line  through 
Uie  belt  of  Orion.  The  surrounding  constella- 
ioions  are  Argo,  Orion,  Monoceros,  Lepus,  and 
lololumba  Noachi. 

Canis  Minor  (the  Lesser  Dog).  A  constel- 
uation  situated  near  Canis  Major.  The  Procyon, 
ff  the  first  magnitude,  is  its  most  remarkable  star! 
lihe  constellation  may  be  found  by  means  of  this 
War,  which  lies  in  a  direct  line  between  Sii  ius  and 
tfoUux.  It  is  also  in  a  line  through  Sirius,  per- 
Biendicular  to  the  line  from  Orion's  belt  to  Sirius. 

CapHIaritr.  The  manifestation  of  a  desciip- 
mon  of  molecular  action  between  solids  and  liquids 
»  a  contact,  which  disturbs  the  natural  level  of  the 
i«quid  surface.  The  general  phenomena,  indeed, 
we  famihar  to  every  student,  and  may  be  very 
«»asily  observed.  Take  a  solid  cylinder  of  glass, 
-nd  plunge  the  end  of  it  into  water,  the  water— 
^provided  the  cylinder  be  clean)-will  ascend  all 
around  it,  forming  a  curve 
as  annexed.  If  a  plate  of 
glass,  instead  of  a  cylinder, 
be  placed  in  tlie  same  cir- 
cumstances, the  water  will 
ascend  in  a  curved  film  a 
certain  way  up  its  sides.  If 
,  ^.  ,  „  *  glass  tube  of  small  bore 
ake  the  place  of  the  cylinder,  not  only  have  we 
lie  phenomena  just  described,  around  its  convex 
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surface,  but  within  the  tube  itself  the  water  rises 
above  its  external  level  by  a  considerable  space. 
And  finall}',  if  two  glass  plates,  lixed  at  a  small 
distance  from  each  other,  have  tlicir  ends  im- 
mersed in  the  water,  it  will  ascend  to  a  certain 
height  between  them,  and  remain  there  appa- 
rently suspended.  The  quantity  of  liquid  thus 
elevated  varies  with  the  liquid ;  nay,  with  some 
liquids  it  is  negative,  that  is,  instead  of  elevation 
we  have  a  depression ; — if  mercury  is  employed 
instead  of  water,  for  instance,  the  foregoing  phe- 
nomena are  all  reversed. — The  study  of  this 
curious  subject  brings  before  us  three  distinct 
classes  of  considerations,  viz.,  the  question  as  to 
the  numerical  laws  observed  by  the  general  phe- 
nomena;— the  question  as  to  the  physical  causes 
on  which  these  phenomena  seem  to  depend ; — 
and  an  inquiry  into  the  conduct  of  different 
liquids  in  relation  to  these  laws  and  causes. 

I.  General  Numerical  Lavjs. — These  laws  ex- 
press the  relations  between  the  ascent  or  descent 
of  any  liquid,  and  the  bore  and  shape  of  a  capil- 
lary tube  or  the  distance  between  the  parallel 
plates  that  bring  out  the  same  phenomenon.  We 
owe  the  first  experimental  investigation  of  the 
subject  to  Gay-Lussac.    The  undertaking  was 
one  of  great  difficulty,  alike  because  of  the  minute- 
ness of  the  quantities  that  had  to  be  handled, 
and  the  necessity  of  securing  that  these  nar- 
row tubes  be  in  a  right  condition.  Nevertheless, 
this  able  physicist,  through  efl'ect  of  the  nicety 
and  judgment  so  honourably  distinguishing 
French  inquirers,  succeeded  in  establishing  three 
fundamental  laws:— (1.)  The  elevation  or  de- 
pression of  the  same  liquid  in  tubes  of  the  same 
nature,  but  of  unequal  diameters,  varies  inverselj' 
as  the  diameter  of  the  tube:— (2.)  In  the  case 
of  two  parallel  plates,  separated  by  a  small  dis- 
tance, the  elevation  or  depression  also  varies 
inversely  as  the  distance  between  the  plates : — 
(3.)  The  variation  of  level  occun-ing  in  the  case 
of  parallel  plates,  is  half  that  which  is  produced 
in  the  case  of  a  tube  the  diameter  of  whose  bore 
is  equal  to  their  distance.   (This  latter  law,  how- 
ever, was  presented  rather  as  a  theoretical  deduc- 
tion from  the  two  previous  ones.) — The  recent 
progress  of  physical  inquiry  has  not  established 
any  truth  more  important  than  this — definite 
numerical  laws,  deduced  from  early  experiments, 
and  indicated  by  early  theories,  ought  scarcely 
ever  to  be  received  absolutely,  or  held  by  other- 
wise than  as  valuable  approximations ;  and  the 
subject  of  capillary  attraction  furnishes  no  inva- 
lidation of  the  salutary  rule.    The  foregoing 
numerical  conclusions  undoubtedly  receive  great 
support  from  their  agreement  with  the  physical 
theory  of  Laplace— a  theory  coincident  with  that 
of  Young,  and  resting  on  the  hypothesis  that  tho 
volume  of  liquid  which  is  raised  above  the  level, 
is  in  proportion  to  the  contour  of  the  section  of 
the  solid  wall,  whatever  mag  be  the  curvature  of 
this  contour.    Since  Gay-Lussac's  now  compa- 
ratively early  time,  new  and  extended  invesli- 
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gations  have  been  projected  and  carried  out, — 
among  the  most  successful  of  which  we  must 
signalize  those  of  Simon  (of  Metz).  But  un- 
doubtedly our  amjilest  contribution  has  recently 
come  from  M.  Wertheim.  The  first  account  of 
his  experiments  is  given  in  the  Comptes  Rendus 
for  May  18th,  1857;  and  the  superior,  if  not 
unchallengeable  accuracy  of  his  methods  cannot 
be  doubted.  Wertheim  has  anived  at  the  fol- 
lowing important  general  theorems : — (1.)  Two 
parallel  planes  raise  a  constant  volume,  whatever 
may  be  their  distance,  and  even  when  this  dis- 
tance is  infinitely  great :  —  (2.)  The  constant 
capillarity  calculated  from  experiments  with 
narrow  tubes,  is  equal  with  some  liquids,  and 
with  others  superior,  to  that  determined  by  means 
of  two  planes :  it  is  accidental  that  with  water 
the  relation  between  these  two  values  is  equal  to 

^,  as  pointed  out  by  Simon :  this  relation  is  nearly 

2  for  chloride  of  iron,  and  1  for  other  liquids  »^ 
(3.)  Wide  tubes  give  a  value  comprised  between 
the  two  preceding  ones  when  the  latter  differ,  and 
equal  to  them  luhen  they  coincide.    This  latter 
takes  place  when  the  liquid  is  alcohol.  Now  this 
is  the  only  liquid  by  means  of  which  the  theorj' 
of  Laplace  was  sought  to  be  verified  by  Gay- 
Lussac.    Had  he  made  use  of  water,  the  formula 
would  have  been  found  utterly  in  fault;  and 
Frankenheim  has  subsequently  shown  that  even 
experiments  with  alcohol  quite  deviate  from  de- 
terminations by  the  formula,  when  tubes  were 
used  half  an  inch  in  diameter:— (4.)  In  pro- 
portion as  the  radii  of  comex  cylinders  diminish 
in  departing  from  the  plane  where  this  radius  is 
infinitely  great,  the  volume  raised  continues 
diminishing  for  some  liquids ;  for  others  the  dimi- 
nution commences  at  a  certain  limit  of  curvature, 
and  increases  gradually  and  apparently  indefi- 
nitely.  JLther  seems  to  present  nearly  a  constant 
volume.    The  presence  or  absence  of  viscosity 
does  not  affect  this  constancy  or  variation.  Vis- 
cosity retards  the  movement ;  but  when  the  equi- 
librium is  established,  it  is  not  found  to  influence 
sensibly  the  definitive  state.    The  most  impor- 
tant result  of  VVertheim's  investigation  is  not  the 
mere  invalidation  of  Gay-Lussac's  numerical 
laws ;  it  is  that  which  disproves  the  hypothesis 
of  Young  and  Laplace.    AVertheim  is  of  opinion 
that  some  new  element  must  be  introduced ; — to 
which  conception  we  shall  again  advert. 

n.  On  the  Physical  Causes  of  Capillarity.— 
As  indicated  above,  this  part  of  our  curious  sub- 
ject has  not  reached  a  condition  that  can  be 
reckoned  satisfactory.  Wo  shall,  however,  state 
exactly  what  the  prevailing  speculations  have 
been,  and  what  are  their  bases.— The  received 
doctrine  rests  on  the  assumption  that  iorces  of  a 
definite  and  powerful  kind  are  exercised  by  mole, 
cule  over  molecule  of  any  fluid  mass ;  and  that 
similar  aficclions,  positive  or  negative— that  is, 
attractive  or  repellent— regulate  the  conduct  of 
the  molecules  of  liquids  towards  molecules  ot 
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solids,  with  which  they  are  either  in  contact,  or 
in  a  neighbourhood  so  close  that  sensibly  it 
amounts  to  contact.  The  exact  character  and 
the  peculiar  energies  of  these  forces  remain  mat- 
ter of  speculation ;  but  over  the  point  as  to  their 
reality  no  doubt  can  longer  rest.  Under  article 
Forces,  Molecular,  the  reader  will  find  a  suc- 
cint  and,  it  is  hoped,  a  satisfactory  statement  of 
the  remarkable  experimental  contributions  of  M. 
Plateau  to  oAr  knowledge  concerning  this  almost 
evanescent  subject.  Let  us  see  then  what  can 
be  made  out  of  the  unquestioned  existence  of  such 
molecular  forces,  in  elucidation  of  these  singular 
capillary  phenomena. — (1.)  Let  a  distinct  notion 
be  formed  of  the  nature  of  the  disturbing  effect 
as  regards  the  level,  should  these  relative  mole- 
cular forces  induce  within  a  tube,  or  between 
plates,  a  convex  or  a  concave  surface  upon  the  liquid 
therein  contained  ?  It  is  not  difficult  to  make 
the  general  case  intelligible.  First,  let  the  sur- 
face be  convex,  as  in  the  dia- 
gram : — This  can  only  ensue  a  b 
in  consequence  of  the  par- 
ticles near  a  and  b,  and  of 
course  in  all  similar  posi-  ^  ''-^ 

tions,  down  the  tube  A  b  c  d, 
being  attracted  towards  the 
sides  of  the  tube ; — in  other  c  ti 

words,  the  phenomenon  in-  Fig.  2. 

dicates  an  excess  of  action  of 
the  solid  molecular  forces  composing  the  walls  of 
the  tube,  over  that  exercised  by  the  liquid  mole- 
cules on  each  other.    Now,  in  the  neighbourhood 
of  a  and  6  there  is  thus  induced  a  lateral  pres- 
sure on  the  part  of  these  liquid  molecules — 
deducting  in  so  far  (by  the  principle  of  liquid 
equality  of  pressure)  from  their  downward  efiect, 
as  determined  by  their  ordinary  gravity  or  weight. 
The  column  a  6,  c  D,  must  therefore  be  on  the 
whole  lighter  than  it  would  have  been  but  for  this 
disturbance;  and,  therefore,  to  procure  equili- 
brium, it  must  be  a  higher  column  than  the 
external  one.   Secondly,  if  the  case  were  reversed, 
that  is,  if  the  molecule  of  the  liquid  were  driven 
off,  or  repelled  by  the  molecule  of  the  solid  wall, 
its  downward  force  must  be  increased  exactly  in 
that  proportion,  and  the  level  of  the  counter- 
balancing column  therefore  depressed.    No  geo- 
metrical diagrams  can  ofl^r  a  plainer  account  of 
the  physical  actions  now  under  contemplation. 
But  the  question  remains  as  to  the  amount  of  the 
action.    As  already  indicated,  Laplace  inaugu- 
rated his  elaborate  theory  (and  Poisson  in  this 
has  followed  him),  by  the  assertion  that  the  ele- 
vating power  must  be  the  contour  of  the  capillarj' 
surface,  be  that  the  contour  of  a  small  tube  or  the 
interval  between  plates.    It  is  easy  to  see,  how- 
ever, that  a  doctrine  so  general  can  take  no 
account  of  the  special  nature  of  the  capillary  or 
molecular  forces:  nor  does  it  even  really  ad- 
vance science,  when  general  truths  are  thrcwTi 
into  mathematical  forms  that  become  despo» 
tic  and  absolute.    The  physical  problems  slurred 
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ver  by  Laplace  and  Poisson, — problems  which 
Diicera  the  whole  important  part  of  the  quos- 
u, — are  again  happily  being  stirred.  Wer- 
ira  has  felt  it  necessary  to  look  into  the 
onomena  from  a  point  altogether  new  and 
sh.  He  thought  at  firsi  that  these  important 
nomalies  might  receive  their  solution  in  tlie 
timission  that  the  angle  of  contingence  \  aries 
,ith  the  curvature  of  the  wall;  but  this  is  not 
he  case.  "  It  will  be  necessary,  therefore,"  he 
ays,  "  to  have  recourse  to  another  hj'pothesis, 
nd,  I  believe,  to  take  into  account  the  variable 
liickness  of  the  liquid  stratum  or  sheath  which 
Alheres  to  the  solid  body.  This  hypothesis  has 
leen  suggested  to  me  by  a  series  of  experiments 
.hich  I  have  made  upon  the  elevation  of  the 
olution  of  protochloride  of  iron  between  two 
larallel  iron  plates,  which  I  fixed  to  the  poles  of 
Ruhmkorff's  electro-magnet.  The  lower  ex- 
lemities  of  these  plates  were  immersed  in  the 
olution,  and  the  values  h  and  h  for  the  different 
iistances  2  o,  were  already  known.  A  cun-ent 
v;xs  then  passed  into  the  apparatus,  of  which  the 
II  tensity  was  gradually  increased  and  measured, 
vhen  the  magnetic  liquid  was  seen  to  rise  be- 
\veen  the  two  planes,  often  to  two  or  three  times 
ts  original  height,  whilst  the  surface  acquired 
he  curvature  suitable  to  this  new  elevation ;  but 
or  each  intensity  of  magnetization  the  volume 
aised  remains  evidently  constant,  whatever  be 
he  distance  of  the  two  planes;  in  one  word, 
hings  go  on  as  if  the  constant  capillarity  had 
leen  doubled  or  tripled.  We  know,  however, 
rem  the  experiments  of  Brunner  and  Mousson, 
hat  the  attraction  of  the  liquid  upon  itself  is  not 
iltered  by  its  magnetization ;  and,  on  the  other 
aand,  the  minuteness  of  the  changes  of  form 
-vhich  the  liquid  undergoes  when  the  polar  sur- 
faces are  not  immersed  in  it,  and  the  fact  that 
.he  augmentation  of  the  volume  elevated  is  inde- 
pendent of  the  distance  of  the  planes,  prove  that 
ve  have  not  to  do  with  an  effect  of  magnetic 
ittraction  exerted  at  a  distance.  I  think,  there- 
ore,  that  these  facts  can  only  be  explained  bv 
•he  increase  of  thickness  of  the  adherent  stratum, 
m  increase  which  may  be  proved  directly.  It 
will  be  understood,  also,  that  as  every  change 
)f  temperature  may  cause  this  thickness  to  vary, 
;he  influence  of  temperature  may  be  very  differ- 
;nt  from  that  foreseen  by  the  theory,  only  taking 
nto  account  the  dilatation  of  the  liquid." 

III.  It  is  clear,  therefore,  that  the  entire  sub- 
ject remains  unexplored.  It  is  not  likely  that 
3xisting  difficulties  will  be  cleared  away  so  long 
as  inquirers  follow  the  old  path.  It  is  some- 
thing, therefore,  to  find  a  new  one  opened.— In  a 
remarkable  memoir  by  Mr.  Waterston,  printed 
m  the  Philosophical  Magazine  for  January,  1858, 
an  attempt  is  made  to  establish  universal  re- 
lations between  the  capillarity  of  any  liquid 
and  the  latent  heat  of  its  vapour ;— it  follow- 
ing from  tlie  modem  theory  of  heat,  that  this 
latent  heat  is  the  accurate  measure  of  the  force 
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of  cohesion  between  the  particles  of  the  liquid. 
This  inquirer,  after  inaugurating  a  special  and 
quite  original  mode  of  experimenting,  lins  exa- 
mined the  capillarity  of  a  great  many  licjuids  in 
relation  to  this  idea,  and  his  results  go  vei-y  far 
to  confirm  his  views.  Indeed  lie  considers  it 
possible  to  compute  the  latent  heat  from  the 
capillarity,  and  he  has  given  instances,  especially 
in  the  case  of  mercury,  of  the  success  of  that 
method, — in  proof  of  course  of  the  soundness  of  its 
foundations.  We  ma}'  fondlj'  hope  that  tlie  whole 
subject  will  speedily  be  reinvestigated  binder  a 
fuller  and  wider  view  of  its  conditions. 

Capi-a  {the  She  Goat).  A  small  northern 
constellation. 

Capvicoi-iius —  Capricorn  (^Goat  -  horned). 
The  tenth  sign  of  the  zodiac. 

Capi^taii.  A  species  of  the  wheel  and  axle, 
employed  in  lifting  heavy  weights  of  any  sort, 
especially  in  the  manoeuvres  of  casting  and 
weighing  anchor. 

f  Cavnot's  Function.  This  important  co- 
efficient may  be  considered  as  the  connecting 
link  of  the  phenomena  produced  by  heat  on  all 
kinds  of  substances,  and  may  be  defined  as  the 
coeflicient  by  which  the  difference  between  two 
temperatures  if  infinitely  small  (if  only  a  degree 
Cent.,  or  less,  for  instance,  in  practical  approxi- 
mations), must  be  multiplied  to  calculate  how 
much  of  the  mechanical  value  of  a  unit  of  heat 
supplied  at  the  higher  temperature,  can  be  con- 
verted into  work  by  a  perfect  thermo-dynamic 
engine,  having  its  refrigerator  at  the  lower  tem- 
perature of  the  two.  It  is  a  quantity,  expressive 
of  a  relationship  between  temperature  and  pres- 
sure, or  between  temperature  and  work,  which 
has  an  absolute  value,  the  same  for  all  sub- 
stances for  any  given  temperature,  but  varjdng 
with,  the  temperature  in  a  manner  determinable 
by  experiment.  It  may  therefore,  as  Professor 
Thomson  has  pointed  out,  be  used  as  the  founda- 
tion of  an  absolute  system  of  thermometry. 
Carnot,  the  discoverer  of  the  function,  was  not 
in  possession  of  experimental  facts  by  which  he 
could  determine  its  true  form.  These,  however, 
have  been  recently  obtained  bj'  Messrs.  Thomson 
and  Joule,  by  determining  the  changes  of  tem- 
perature experienced  by  air  in  passing  through  a 
porous  substance  from  a  state  of  high,  to  one  of 
low  pressure.  They  have  thus  proved  that  Car- 
not's  function  is  approximately  equal  to  the  me- 
chanical equivalent  of  the  thermal  miit,  divided 
by  the  temperature  by  the  air  thermometer  from 
its  zero  of  expansion.  Thus,  at  O'-'  Cent.,  Car- 
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mechanical  effect  in  foot  pounds  derivable  from  a 
thermic  unit  Centigrade  passing  from  0°  Cent, 
to  —  1°  Cent.  I'or  further  information,  see 
Heat,  Mechanical  Action  op;  also.  Reflexions 
sur  la  Puissance  Motrice  du  Feu,  &c.,  par  S.  Car- 
not, 1824 ;  "  Memoir  on  the  Motive  Power  of 
Heat,"  by  E.  Clapeyron,  Taylor's  Scientific  Me- 
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moiVs,  vol.  i.,  part  3  ;  "  An  Account  of  Carnot's 
Theorj',"  by  Trofessor  W.  ^Thomson,  R.  S.,  Edin., 
vol.  xvi.,  part  5  ;  "On  the  Centrifugal  Theory 
of  Elasticity,"  hy  Professor  Kankine,  R.  S.,  Edin., 
vol.  XX. ;  "  On  the  D^'namical  Theory  of  Heat," 
by  Professor  Thomson,  part  4,  R.  S.,  Edin., 
vol.  XX.,  part  2,  and  Philosophical  Magazine, 
vol.  iv. ;  "  On  the  Thermal  EOects  of  Fluids  in 
Motion,"  by  Messrs.  Tliomson  and  Joule,  Phil. 
Trans.,  1854,  part  2  ;  "On  the  Moving  Force 
of  Heat,"'  by  M.  Clausins,  Berlin,  1850  ;  Holtz- 
raann  "On  Heat  and  Elasticity,"  1845;  and 
Helraholtz,  "  On  the  Conservation  of  Force," 
1847. 

Cassiopeia.  A  constellation  on  the  side  of 
the  pole  opposite  the  great  bear,  marked  by  five 
stars  of  the  third  magnitude,  forming  a  figure  like 
an  M.  These  stars  may  be  found  by  drawing  a 
line  from  Capclla  to  the  bright  star  in  Cygnus, 
which  Avill  pass  about  half-way  between  them. 
The  figure  of  the  constellation  is  that  of  a  wo- 
man sitting  in  a  chair,  with  a  brancli  in  her 
hand.  In  1572,  Tycho  Brahe  noticed  in  it  a 
new  star,  first,  on  Nov.  11th,  at  which  time  it 
had  a  lustre  greater  than  that  of  any  of  the  fixed 
stars — greater  than  that  of  Jupiter,  and  nearly 
equal  to  that  of  Venus.  In  January,  its  light 
was  less  than  that  of  Jupiter;  in  February  and 
March,  about  equal  to  that  of  the  fixed  stars  of 
the  first  magnitude.  It  went  on  so,  diminishing 
in  lustre,  until  in  March,  1574,  it  disappeared. 
Tycho  supposed  that  the  same  star  had  appeared 
in  the  same  way  in  945  and  1264.  The  autho- 
'rity  for  this  is  not  very  reliable;  and  comets  ap- 
peared about  these  times,  which  may  have  been 
mistaken  for  it.  Sir  John  Herschell  suggests  a 
possible  reappearance  in  1872.  It  was  certainly 
more  distant  by  far  than  any  of  the  planets,  for 
at  no  time  had  it  a  sensible  parallax. 

Castor.  One  of  the  bright  stars  in  the  head 
of  Gemini,  from  which  and  Pollux,  that  con- 
stellation is  named  (the  trvins).  It  is,  of  the  two, 
nearest  the  pole,  and  among  the  most  remarkable 
of  the  double  stars. 

Catalogue,  A  ssrononiical.  A  list  of  stars, 
with  their  mean  or  coiTected  right  ascensions  and 
declinations  for  a  given  epoch.  The  importance 
of  such  catalogues  cannot  be  over-estimated. 
They  form  one  of  the  leading  contributions  of 
any  age  to  the  great  subject  of  the  sidereal  mo- 
iions.  We  have  several  old  catalogues  of  much 
value ;  but  it  is  only  on  documents  constructed 
by  aid  of  the  instruments  of  recent  times  that 
future  science  will  rely  in  prosecuting  the  more 
delicate  and  immense  inquiries  now  opening  up. 

Calapiil3n.  An  ancient  warlike  engine 
adapted  to  throw  darts  against  the  defenders  of 
the  walls  of  a  besieged  city.  In  its  shape  and 
other  essential  points  it  was  very  much  lilce  the 
more  recent  cross-how.    Sec  Bali.ista. 

Catenary.  The  curve  fomied  by  a  flex- 
ible cord,  of  which  two  points  are  fixed,  and 
upon  wliich  no  forces  but  gi'avity  operate, 
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Usually  the  cord  is  considered  as  homogeneous. 
When  the  density  varies  in  any  regular  way  it 
takes  a  shape  slightly  difierent  from  that  of  the 
ordinary  catenary.    The  equation  of  the  curve 

^e  ™-}"®        This  curve  possesses 

several  very  remarkable  properties.  One  is  that 
its  centre  of  gravity  is  lower  than  that  of  any 
curve  of  equal  perimeter  and  with  the  same  fixed 
points  for  extremities.  The  cun^e,  Avhere  the 
weight  is  proportioned  to  a  horizontal  projection 
of  the  part  considered,  is  a.  parabola.  This  and 
the  ordinary  catenary  are  of  chief  importance  in 
the  theory  of  suspension  bridges  (q.v).  The  pro- 
perties of  the  catenary  will  be  found  admirably 
discussed  in  Duhamel's  Cours  de  Mecanique, 
vol.  1. 

Cathode.   See  Anode. 

Cation.    See  Anion. 

Catoptrics.  The  science  of  Optics  treats  of 
the  phenomena  of  light,  and  of  the  phj'sical 
causes  of  these  phenomena-  The  former  we  have 
reduced  to  laws,  and  from  these  laws  we  can  de- 
duce geometrically  efiects  either  already  verified 
by,  or,  perhaps,  anticipatory  of,  experiment 
The  question  of  the  physical  constitution  of  light 
has  been  long  debated,  and  has  only  been  recently 
put  upon  a  satisfactory  basis.  With  the  pheno- 
mena alone,  the  present  article  has  to  do. 

The  phenomena  of  geometrical  optics  are  prin- 
cipally thi"ee — the  phenomena  of  light  passing 
through  a  homogeneous  medium,  or  through  a 
vacuum — of  light  passing  from  one  medium,  or 
from  vacuum,  into  vacuum  or  another  medium — 
and  finally,  the  phenomena  of  light  incident  upon 
a  medium  at  its  surface,  and  thrown  back  from 
its  surface  as  incapable  of  passage. 

The  first  of  these  may  be  ti-eated  of  mider  optics 
properly;  the  latter  two,  which  form  the  most 
important  departments  of  geometrical  optics,  are 
generally  designated  the  sciences  of  dioptrics  and 
catoptrics  respectively.  The  latter  is  the  subject 
of  the  present  article. 

The  first  important  theorem  of  catoptrics  is 
this,  that  the  incident  and  the  reflected  ray  are 
situate  in  the  same  plane  with  the  perpendicu- 
lar to  the  surface,  from  which  the  reflection  is 
made,  at  the  point  of  reflection.  Thus,  if  a  ray 
be  incident  upon  a  floor,  and  if  we  draw  a  per- 
pendicular to  the  plane  through  the  point  of  in- 
cidence, and  apply,  suppose  a  piece  of  paper  to 
the  two  lines,  so  as  just  to  lie  upon  them,  the 
reflected  ray  would  be  reflected  somewhere  in  the 
plane  of  the  paper. 

This,  however,  gives  us  but  little  information. 
It  tells  us  something  that  the  ray  cannot  do, — 
viz. :  timi  to  the  one  side  or  the  other ;  but 
it  does  not  give  any  definite  idea  of  its  course. 
This  is  supplied  by  the  next  law,  that  the  course 
of  the  line  of  reflection  in  the  plane  so  fixed  is 
determined  by  making,  with  the  perpendicular  to 
the  surface  of  uicidence,  on  the  same  side  with 
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ic  incident  ray,  an  angle,  equal  to  that  made 

it  mth  the  incident  ray. 

Two  definitions  which  may  here  be  given,  -will 

lie  us  to  express  this  law  very  simply.  The 

/o"  of  incidence  of  a  ray  of  light  is  the  angle 
hich  that  ray  makes  with  the  perpendicular  to 

siu-face  of  the  substance  on  which  it  strikes. 

■  angle  of  refection  is  the  angle  similarly 
ade  by  the  reflected  ray. 
The  laws,  therefore,  of  catoptrics  may  be  ex- 
essed  thus: — When  a  ray  of  light  is  incident 
I  in  a  reflecting  substance,  the  reflected  ray  is 

the  same  plane  with  the  incident  ray,  and  the 
igles  of  incidence  and  reflection  are  equal. 

Assuming  then,  the  perfect  exactness  of  these 
ws,  we  shall  see  that  catoptrics  is  not  at  all 
'iicemed  with  the  non-homogeneity  of  ordinary 
^ht  rays.  In  other  words,  though  rays  do 
fler  in  essential  qualities,  and  though  white 
;ht  is  made  up  of  rays  different  in  nature,  it 
ill  not  be  decomposed  or  separated  by  re- 
action into  rays  of  different  colours.  This  one 
^v,  of  the  equality  of  the  angles  of  incidence 
id  reflection,  holds  for  all  kinds  of  light.  Hence 
ys  which,  though  really  different,  come  mingled 
gether  on  a  smface,  will  leave  it  undecomposed. 
his  is  a  most  important  result,  and  at  once 
lieves  us  from  the  necessity  of  instituting  in- 
liries  upon  the  varioiis  reflective  (like  refractive) 
)wers  of  different  L"ght  rays.  We  shall  now 
oceed  to  detail  some  of  the  more  important 
opositions  of  catoptrics. 

And  the  first  proposition  we  shall  state,  is 
[is; — when  a  number  of  parallel  rays  fall 
on  a  plane  reflecting  surface,  the  reflected 
lys  corresponding  to  them  will  also  be  par- 
leL  This  will  be  clearly  seen  by  any  one  who 
ts  a  number  of  rods  parallel  to  one  another, 
id  inclined  to  a  floor,  and  then  bends  them  over 
atil  they  shall  be  again  inclined  equally  to  the 
lor.  It  will  be  readily  seen  to  be  in  strict  ac- 
)rdance  with  the  geometrical  laws  of  plane  sur- 
ces,  thus: — the  planes  containing  each  incident 
ly,  with  its  corresponding  reflected  ray,  have 
vo  lines,  which  meet  one  another  in  each 
irallel,  namely,  the  perpendicular  to  the  original 
lane  and  the  original  rays.  It  follows,  there- 
ire,  that  the  planes  themselves  are  parallel, 
[once,  as  the  reflected  rays  make  equal  angles 
with  these  perpendiculars, 

\/  /      which  are  parallel,  and  in 
[/    /  parallel  planes,  they  also 
are  parallel.     The  figure 
wiU  illustrate  this,  but  the 
best   illustration   may  be 
made  by  the  student  himself 
arranging  two  rods  as  di- 
rected,   and    fixing  two 
raight  rods  at  the  two  points  of  incidence  on 
he  floor  to  8er\-e  for  the  perpendiculars. 
(  Our  next  important  proposition  is  the  following 
that  if  a  pencil  of  light  diverging  from,  or  con- 
er^g  to  a  point,  fall  upon  a  plane  muTor,  the  re- 
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fleeted  rays  will  have  the  appearance  of  diverging 
from  or  converging  to  a  point  at  an  equal  distance 
on  the  opposite  side  of  the  mirror.  Thus,  let  a 
number  of  rays,  Q  A,  q  B,  Q  c,  diverge  from  the 


Fig.  2. 


point  Q,  and  fall  on  the  mirror  at  a,  b,  c,  they 
will  appear,  when  reflected,  to  diverge  from  the 
point  q,  at  an  equal  distance  from  the  mirror,  at 
a  distance  on  the  other  side  equal  to  n  q.  Draw 
A  M,  and  let  r  a  be  produced  through  a  to  meet 
Q  N  produced  in  q.  Then  *i::lQ  a  n  =  <i^R  a  b 
(by  the  reflective  law),  and       k  a  b  = 

N  A  q  (I.  15),  therefore,  Q  A  N  =  n  a  q. 
Hence  the  two  triangles  n  a  Q,  n  A  q,  have  one 
side  common  and  two  similarly  situated  angles 
equal,  and  are  therefore  in  every  respect  equal — 
N  Q  being  equal  to  n  q.  The  reflected  ray  a  b 
appears,  therefore,  to  come  from  q.  This  proof 
determines,  then,  the  length  of  n  q,  and  it 
has  been  shown  equal  to  n  q  by  a  method  equally 
applicable  to  the  other  rays  as  to  q  a.  Hence 
all  the  rays  wUl  appear  to  come  from  q,  and  the 
proposition  is  proved. 

When  we  have  two  or  more  plane  mirrors  at 
which  luminous  rays  are  successively  reflected — 
as  for  example,  a  second  mirror,  from  which  the 
reflected  rays  in  the  last  figure  will  be  a  second 
time  reflected;  and  a  third,  from  which  three  will 
be  again  thrown  back ;  and  a  fourth  and  a  fifth, 
and  so  on ;  the  point  of  divergence  or  conver- 
gence of  the  rays  after  the  second  reflection  will 
be  found,  simply  by  supposing  the  focus  of  the 
first  reflected  rays  to  be  a  real  point  from  which 
really  emanate  luminous  rays.  Reflected  light  is 
reflected,  just  like  light  coming  from  a  luminous 
point,  and  has  lost  none  of  its  properties  in  this 
kind.  It  has  lost  none  of  its  component  rays,  as 
we  have  already  proved.  We  can,  therefore, 
apply  the  principle  already  demonstrated  for  un- 
reflected  light,  in  the  case  of  light  reflected  from 
a  plane  mirror,  again  reflected  in  another,  and 
that  perhaps  re-reflected  from  a  third  and  foiutli. 

It  is  frequently  an  interesting  point  to  discover 
the  amount  of  deviation  of  a  ray  of  light  which 
has  been  reflected  at  each  of  two  plane  mirrors, 
in  a  plane  perpendicular  to  the  lino  of  their  in- 
tersections. 

Let  8  a  be  the  ray,  so  incident  on  the  mirror 
A,  and  reflected  back  a  second  time  from  b.  The 
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ang'le  d  is  called  the  angle  of  deviation,  and  its 
amount  is  required. 

The  angle  sab  =  abd  -f- 
A  D  B.     Now,  s  A  B  =  180° 

—  2  B  A  c  and  a  b  d  =  180° 

—  2  A  B  E.    Therefore,  180° 

—  2  BAG  =  180°—  2  A  BE 
-}-  A  D  B.     Hence  2  A  b  e  — 

2bAC  =  ADB,  but  ABE  — 
BAC=:BCA.    .*,  2bCA  = 

A  D  B.  That  is,  the  angle  of 
deviation  is  equal  to  twice  the 
angle  of  inclination  of  the  two 
mirrors. 

An  investigation  exactly 
similar  would  make  it  easy  to 
find  the  angle  of  deviation  after 
three  orfour,  orany  numberof  reflections  from  plane 
mirrors — all  the  reflections  being  made,  however, 
in  the  planes,  to  which  the  successive  lines  of  in- 
tersection of  the  first  and  second,  of  the  second 
and  third,  of  the  third  and  fom-th  mirrors,  are 
perpendicular. 

This  proposition  has  been  grounded  on  the 
hypothesis  that  the  miiTors  are  plane.  It  is  evi- 
dent, however,  that  as  no  part  but  a  very  small 
part,  in  fact,  the  point  of  incidence,  of  the  mirror 
is  at  all  concerned  with  the  reflection  of  the  ray, 
the  proposition  would  hold  equally  good  whether 
Ave  have  plane  mirrors  or  not,  provided  only  that 
a  very  smaU  space,  indefinitely  small,  coincided 
in  direction  with  the  planes,  whose  angles  of  in- 
clination we  consider  in  determining  the  angle  of 
deviation.  It  is  evident  that  the  mirrors  may 
be  of  any  form  which  wiU  permit  the  reflection 
of  the  rays  so,  and  which  wiU  not  be  so  bent  as 
to  catch  one  of  the  reflected  rays  again  after  re- 
flection. We  may  have  them,  therefore,  curved 
mirrors,  of  any  form  whatever,  and  the  angle  of 
deviation  of  any  ray  after  two  reflections  from 
curved  mirrors  will  be  double  the  angle  of  incli- 
nation of  the  two  planes  which  touch  the  mirrors 
at  the  points  of  incidence  of  the  rays  upon  them. 
This  idea  of  tangent  planes  -will  be  readUy  con- 
ceived, if  the  reader  take  any  ball,  and  apply  a 
plate  of  glass  or  paper,  so  as  just  to  touch  it  in  a 
point  without  being  itself  bent,  or  the  ball  in- 
dented by  pressure.  He  will  easily  see  that  there 
is  only  one  direction  in  which  he  can  apply  the 
plane  of  the  paper  or  glass  to  the  ball,  so  that  it 
AviU  just  do  so,  for  each  point  of  application,  and 
so,  there  is  only  one  direction  in  wliich  lie  can 
apply  the  plane  to  the  curved  mirrors  already 
described,  and  therefore,  the  angles  of  inclination 
of  each  successive  pair  of  planes  are  quite  deter- 
minate quantities. 

The  law  of  reflection  can  therefore  be  applied 
to  the  case  of  cui-ved  surfaces,  by  considering 
them  as  coincident  with  plane  surfaces,  tangents 
to  them,  or  having  for  an  indefinitely  small  space 
the  same  direction  as  them. 

Having  established  this  principle,  then,  we  are 
able  to  apply  the  law  of  reflection  to  the  case  of 
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curved  mirrors,  and  to  deduce  the  various  effecfi 
certain  to  result  in  that  case. 

We  shall  just  examine  the  case  of  rays  reflected 
to  one  point,  and  crossing  one  another's  directions 
in  that  point.  This,  though  not  so  important  as 
the  corresponding  problem  in  dioptrics,  the  dis- 
covery of  smfaces  of  accurate  refraction — at  all 
events,  for  the  purposes  of  the  optician — is  sufii- 
ciently  important  for  other  purposes  to  desen'e 
attention. 

If  a  pencil  of  parallel  rays  fall  upon  a  concave 
parabolic  reflector,  in  a  direction  parallel  to  the 
axis  of  the  body  (the  line  in  its  centre  is  called 
the  axis),  the  rays  will  be  reflected  so  that  these 
lines  of  direction,  after  it,  shall  pass  through  one 
point.  Of  this  proposition  we  can  offer  no  proof. 
It  rests  upon  the  assertion,  itself  demonstrable 
in  the  higher  mathematics,  that  the  perpendicular 
to  a  parabolic  surface,  at  a  given  point,  bisects 
the  angle  made  by  a  line  through  it  parallel  to 
the  axis,  and  one  from  it  to  a  point,  fixed  for 
any  given  parabola,  and  called  its  focus. 

A  similar  surface  of  accurate  reflection  will  be 
found  in  an  ellipsoidal  shell,  on  the  interior  of 
which  raj'S  fall,  diverging  from  the  one  focus  of 
the  ellipsoid,  by  which  these  rays  will  be  reflected 
in  lines  all  passing  through  the  other  focus  of  the 
shell. 

Another  still  might  be  found  in  a  hyperbolic 
reflector,  from  one  focus  of  which  rays  proceed, 
falling  on  the  convex  reflecting  surface,  which 
will  send  them  back  to  the  other  focus. 

If,  in  these  cases,  the  mirror  be  silvered  on  the, 
one  side  instead  of  the  other,  and  if  the  same 
rays,  continued  indefinitely,  be  imagined  to  fall 
upon  this  new  reflecting  side,  we  obtain  a  series 
of  propositions  almost  identical  with  those  already 
given,  and  having  application  to  convex  reflec- 
tion of  the  shapes  just  specified.  Thus,  if  a  pen- 
cil of  parallel  rays  be  incident  in  a  convex  para- 
bolic mirror,  parallel  to  the  axis,  the  reflected 
pencil  will  diverge  from  the  focus  of  the  para- 
bola. 

This  proposition,  and  the  one  correspondmg  to 
it,  are  by  far  the  most  important  of  those  now 
submitted.  They  apply  to  the  cases  most  fre- 
quent in  actual  natm-e — of  solar,  astral,  and  lunar 
rays.  These,  commg  from  a  great  distance,  di- 
verge so  little,  compared  with  that  distance,  that 
they  may  be  considered  as  perfectly  parallel.  I^ 
therefore,  a  system  of  parallel  rays  fall  on  a 
parabolic  mirror  (as  for  example,  any  of  the  rays 
specified),  they  will  be  reflected  to  the  focus,  if 
they  fall  upon  the  concave  mirrored  side;  and 
from  the  focus,  if  they  fdll  on  the  convex 
rored  side. 

We  find  thus  then  points  of  accurate  reflection 
in  various  circumstances,  and  it  is  clear  that,  as 
we  are  able  to  describe  as  many  ellipsoids  and 
hyperboloids  as  we  choose  when  the  true  foci  are 
given  in  each  case,  we  might  nitike  a  mirror  of 
any  particular  curv-atui-e  that  we  might  want, 
capable  of  reflecting  rays  of  light  coming  from  a 
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■n  point  on  to  another  given  point.    But  the 

ruction  of  such  mirrors  (paraboloids,  ellip- 
ij,  hyperboloids)  is  very  difficult,  and  they 

therefore  very  expensive.  On  the  other 
spherical  mirrors  are  constructed  with 

larative  ease.  If  then,  we  can  obtain  such 
rors  capable  of  producing  all  the  eftects  due 
he  more  expensive  kinds,  even  approximately, 

11  be  convenient  to  adopt  them.  It  becomes, 
I  i'ore,  necessary  to  investigate  the  properties 
pherical  mirrors. 

\m\  first,  with  respect  to  the  more  frequent 
ugh  less  general  case  of  parallel  rays  incident 
a  reflecting  smrface. 

:.et  o  A  pass  through  the  centre,  parallel  to 
pencil  of  rays  which  we  consider,  and  let  s  p 


}ne  of  these  rays.  Then  the  tangent  to  the  sur- 
?  B  A  B',  is  like  aU  the  tangents  to  circles — 
pendicular  to  the  radius  o  p.    If,  therefore, 
consider  the  circle  as  equivalent  for  a  small 
tance  to  a  thin  plane  mirror,  coinciding  with 
tangent^  on  whose  sm-face  the  incident  ray 
■  falls,  we  shall  have,  by  the  law  of  reflection, 
angles  s  p  o,  q  p  o  equal  (angles  of  incidence 
I  of  reflection).  Now,  s  p  o  ==  p  o  q.  Hence 
angles  p  o  q,  q  p  o  are  equal,  and  the  triangle 
o  is  isosceles  (having  the  sides  p  q  and  o  q 
lal). 

^Ve  might,  by  trigonometrical  methods,  find 
length  of  the  line  o  q  in  any  given  cu-cum- 
uces.  We  shall  confine  ourselves  to  some 
re  special  cases.  If  the  angle  p  o  a  be  very 
all,  which  it  will  be,  for  a  given  length  p  a, 
he  radius  be  very  large,  the  figure  pq  o  becomes 
y  nearly  a  straight  line.  The  three  sides 
uc  to  coincide.  The  proposition  just  estab- 
led  does  not  at  all  depend,  however,  upon  the 
;  of  p  o  A,  and  will  still  hold  good,  there- 
in the  case  now  imagined.  If  we  suppose 
triangle  becoming  indefinitely,  or  even  infi- 
f-ly  near  to  a  straight  line,  from  the  increase 
o  A,  or  tlie  diminution  of  p  A,  the  proposition 
!1  continue  to  be  true.  In  this  case,  however, 
!  sum  of  p  q  and  q  o  will  be  indefinitely  near 
lal  to  p  o,  and  they  may,  therefore,  each  be 
isidered  as  equal  to  its  half,  or  to  the  half  of 
I.  which  is  equal  to  it.  Hence  the  point  of 
rtoly  accurate  reflection  of  parallel  rays  falling 
on  a  curcidar  mirror,  havmg  a  very  small 
gular  range  (i.e.  representing  a  very  small 
gle  at  the  centre),  will  be  the  point  of  bisec- 
n  of  that  radius  of  the  mirror  which  is  paral- 
to  the  pencil  of  rays,    a  f  is  called  the  prin- 

10 
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cipal  focal  length,  as  being  the  focal  length 
which  sei-ves  for  the  greatest  number  of  rays ;  all 
of  those  which  coiTCspond  in  description  to  s  p, 
with  regard  to  the  part  of  the  mirror  on  which 
they  fall,  being  equally  reflected  in  directions 
very  nearly  passing  through  r.  The  line  a  f  then 
is  equal  to  half  the  radius  of  the  circle. 

If  A  p  represent  a  moderate  angle  at  the 
centre  o,  q  o  will  be  the  half  of  the  sum  q  o  -[- 
q  p.  This  sum  is  gi'eater  than  p  o  (I.  20)  or 
o  A,  and  q  o  is  therefore  greater  than  the  half 
of  0  A,  or  than  o  f  which  is  equal  to  it.  If  tlie 
angle  p  o  a  become  larger  than  60°,  the  angle 
o  p  A  (joining  p  a)  would  be  less  than  60°,  and 
the  ray  would  be  reflected  on  to  the  mirror  again 
before  passing  so  as  to  cut  o  a.  The  same  laws 
of  reflection  would  apply  to  this  case,  which,  as 
specula  or  min-ors  are  not  usually  made  which 
correspond  to  a  central  angle  of  120°  (twice  60°), 
does  not  very  often  occm-. 

The  caustic  ciu-ve  (see  Caustic)  is  an  effect 
of  the  law  of  reflection  also.  When  a  reflecting 
curve  is  exposed  to  the  parallel  rays  of  the  sim- 
light,  a  luminous  space,  as  in  fig.  5,  with  a 
curved  outline,  is  made  by  means  of  the  reflect- 
ing lines.    The  space  is  that  on  which  the  re- 


Fig.  5. 

fleeting  lines  mostly  intersect,  and  in  which, 
therefore,  there  is  a  greater  concentration  of 
luminoiis  rays. 

The  more  general  case,  of  the  refraction  of 
luminous  rays  by  spheiical  miiTors,  when  these 
rays  diverge  from  a  point,  remains  to  be  con- 
sidered. We  shall  take  the  mu-rors  as  concave 
to  the  ray,  and  shall  find  that  by  altering  the 
signs,  and  affixing  different  values  for  the  various 
quantities  specified  in  the  question,  we  wUl  be 
enabled  to  comprehend  in  the  solution  of  this 
case  aU  the  cases  of  spherical  mirrors. 

Let  p  A  p,  be  a  section  of  the  mirror,  and  let 
Q  O  A  be  its  axis,  q  being  the  luminous  point, 
from  which  diverging  p 
rays,  q  a,  q  p,  fall  upon 

the    mirrored    surface.  a(   ~--~Q 

Let  p  be  the  principal 
focus,  as  ah-eady  de- 
fined, and  o  the  centre 
of  curvature  of  the  surface.  Let  Q  p  also  be  one 
of  the  incident,  and  q  p  the  corresponding  re- 
flected ray. 

Then,  as  before,  q  p  o  is  the  angle  of  incidence, 
and  o  p  q  the  angle  of  reflection,  and  since  these 
are  equal  Qo:qo::QP:qp  (VI.  3).  This  ex- 
pression is  maiversal,  and  suitable  trigonometri- 


Fig.  G. 
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cal  expressions  siiglit  bo  found  -whieli  would 
give  the  value  of  the  distance  q  o  in  terms  of 
the  angle  p  o  a  (the  fixed  angle  of  the  lens),  and 
of  the  instance  q  o,  and  the  radius  o  A.  We 
shall  limit  ourselves  to  a  less  comprehensive  case. 
Suppose  the  arc  p  a  to  subtend  an  inconsiderable 
angle  at  the  centre,  which  ma^'  be  the  case  either 
by  p  A  becoming  itself  very  small  compared  with 
p  o,  or  inversely  by  o  a  becoming  very  large 
compared  with  p  a.  Then  q  p  and  Q  A  may  be 
taken  as  in  fact  equal,  and  so  also  q  p  and  q  a. 
In  fact,  in  that  case,  each  pair  of  lines  approach 
very  closely  to  each  other,  and  therefore  become 
very  nearly  equal.  The  proportion  already  es- 
tablished, and  always  maintained,  as  not  at  all 
dependent  on  the  relative  magnitude  of  p  a,  wiU 
now  become 

QO:qo::QA:qA 
Calling  Q  A  =  u  (the  perpendicular  distance  of 
the  point  Q  from  the  mirror),  passing  m  this  case 
tlirough  the  centre  o,  and  q  a  =  v,  and  o  A  =  r. 
We  get 


r  :  r 


v  :  :  u 


r:r  —  v::ur:vr 


and 


u  r 


r      u       V  r 

and?  =  1+1 
r       V   I  u 


Now  -  =  f 
2 

2  1 

Hence,  taking  reciprocal  equality,  -  =  - 

I  f 

.*.  -  -|-  -  =  -  in  the  case  when  the  arc 
V       u  f 

p  A,  becomes  by  any  method,  small  in  compari- 
son with  the  radius,  and  hence  subtends  a  small 
arc  at  the  centre  of  the  circle. 

It  is  quite  evident  that  as  a  ray,  q  p  would 
have  been  reflected  to  q,  the  same  proof,  and 
therefore  the  same  result  will  apply,  if  q  be  sup- 
posed the  luminous  point,  to  the  rays  from  which, 
we  desire  to  find  the  point  of  accurate  reflection. 

This  expression  serves,  then,  in  the  case  of  rays 
falling  upon  a  concave  mirror.  If,  however,  the 
mirror  be  turned  in  the  opposite  direction,  sil- 
vered on  the  opposite  side  from  that  where  it  was 
silvered  before,  the  radius  changes  its  sign- 
that  is,  we  might  imagine  a  mirror  witli  a  gra- 
dually diminishing  radius  of  curvature,  having 
the  centre  of  the  circle  of  curvature  constantly 
between  q  and  A,  and  constantly  approaching  a, 
until  the  radius  becomes  =  0,  and  we  may  ima- 
gine the  same  process  to  continue,  the  centre  to 
keep  still  moving  onwards  in  the  same  direction, 
passing  a,  and  being  supposed,  in  order  to  suit 
algebra,  which  does  not  take  direction  into  ac- 
count, to  become  less  than  nothing,  or  negative. 
SimUarly,  the  point  q,  going  along  with  the 
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radius,  and  keeping  on  the  same  side  of  A,  makes 
q  A  or  V  also  nega- 
tive, while  Q  A  or  u 
remains  as  before.  ^-"y^^T 
In  the  ultimate  e-       —  /  U 
quations,    however,  o      f  qfjp' 
we  do  not  find  r,  but  ^^  ^ 

f,  which  is  evidently 

affected  by  the  same  circumstances,  and  of  the 
same  sign.  Therefore 

v       u  f 

and  1  -  1  =  -1 
v  u  f 
The  same  remark,  already  made  in  the  case  of 
concave  miiTors,  that  if  q  be  the  luminous  point, 
the  proof  and  the  result  might  be  alike  employed 
for  detemining  the  focus  of  accurate  reflection  q, 
may  also  be  repeated  here. 

Taking  now  the  two  equations, 


for  mirrors  concave  to  the  in- 
fer mirrors  convex  to  the 
examine  the  various 


1  +  1=1 
v       u  f 
cident  rays, 

and  1-1=  1 
v      u  f 

let  us  proceed  to 
which  occur : — 

Let  u  =  00  (become  infinite),  then  _  = 

u 

and  in  either  case  1  =  -  and  v  =  f . 
v  f 

That  is,  that  in  the  case  of  parallel  rays  inc^ 
dent  on  a  mirror,  either  convex  or  concave 
their  direction,  the  rays  are  reflected  to,  or 
reflected  so  as  to  appear  coming  from  a  point  H 
the  axis  of  the  mirror,  within  its  completed  cL 

I* 

and  at  a  distance  from  a  =  f  =  -  ;  as  we  . 

2 

already  shown  in  considering  this  special  case. 
If  u  be  greater  than  r,  then  ui  the  first 

1  is  greater  than  i  and  less  than  i  and  v 
V  r  f 

less  than  r  and  greater  than  f. 

In  the  second  case  -  is  greater  than  _ 
V  f 
therefore  v  is  less  than  f.    In  the  first  case,  th?i 
q  will  lie  between  f  and  o  (fig.  6),  if  Q  lie  J 
the  opposite  side  of  o  that  a  does.  In 
second  (fig.  7),  q  will  lie  between  f  and  A, ' 
A  Q  be  greater  tlian  r.    In  this  second  case,  if  i 
be  any  positive  quantity,  however  small,  that  u| 
lie  at  all  on  the  opposite  side  of  A  that  o  does, 
the  same  consequence  will  hold. 

1  1,  andv 
V  r 

=  r  (that  is,  all  raj-s  coming  from  o  will  be  re- 
flected back  upon  o) — as  we  should  have  expecte(l, 
seeing  that  the  luminous  rays,  all  being  radii, 
will  all  be  perpendicular  to  the  surface  of  the 
mirror. 


If  u  =  r,  then  in  the  first  case, 


lOG 
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1  ^ 

■  u  =  r,  in  the  otlier  case,  -  =  —  and  v  r= 
V  r 

3r  q  A  =  ?     if  A  Q  =  A  o. 
3 

'  V  =  r  this  case,  in  ^  =  1  and  u  =  r,  or 
u  r 

ays  are  reflected  to  the  luminous  point,  as 
This  case  is,  iu  fact,  exactly  the  same 
U  in  which  we  have  ah-eady  got  the  same 
k,  because  the  reflecting  substance  will  now 
ncave  instead  of  convex  to  the  incident 


'  u  be  less  than  r,  and  greater  than  f,  then  _ 

V 

S3  than  'Land  v  is  greater  than  r,  in  the 
r 

case.    That  is,  if  the  luminous  point  come 

ccupy  such  a  position  as  q,  the  point  of  accu- 
reflection  will  pass  along  towards  Q — a  re- 
ivhich  we  have  already  seen  cause  to  antici- 
In  the  second  case,  we  would  obtam  a 

It  exactly  identical  with  that  already  pointed 
when  u  is  positive  at  all.  If  q  were  in  this 
to  change  its  position,  giving  a  negative  line, 

.\  ould  be  brought  back  to  the  case  ah-eady 
idered,  for  concave  min-ors. 

P,  again,  u  =  f,  then,  for  concave  mirrors, 

-  0,  and  therefore  v  is  infinite.    This  is  pre- 

ly  the  application  of  the  proposition  that  in 
y  case,  if  either  of  the  points  q  or  q  be  the 
inous  point,  the  other  wiU  be  that  of  accurate 

'  iction,  to  the  case  of  parallel  rays — for  the  re- 
ed rays,  converging  to  a  point  at  an  infinite 

1  ance,  are,  in  fact,  parallel.  If  u  =  f,  in  the 
:  of  convex  mirrors,  the  same  result  will  be 

1  lined  as  is  got  when  u  is  taken  positive.  If 
=  —  f,  for  this  case — we  are  brought  back  to 
case  of  concave  mirrors. 

i  f  u  be  less  than  f,  then  -  is  negative,  and  v 

V 

Iso  negative  in  the  first  case.  That  is,  if  q 
.  4)  be  situate  between  f  and  a,  the  rays  will 
■eflected  as  if  diverging  from  some  point  on 

side  of  A,  opposite  from  f  and  a.  If  (fig.  7) 
;  less  than  f,  we  have  precisely  this  case,  and 

be  less  than  f,  we  find  a  particular  case  of  u 
ig  positive— a  supposition  already  examined. 

f  u  =  o,  then,  in  the  first  case,  -  = 


•-    u  =  o  ui  the  second  case,  1  =  oo , 


CO  . 


and 


=  o. 

f  u  become  negative  hi  the  first  case,  we 
ert  to  the  case  of  convex  mirrors,  and  in 
ordance  with  that,  find  the  formula  giving 
V  positive  and  greater  than  f.  If  it  become 
;ative  m  the  second  case,  we  obtain  the  for- 
las  for  concave  mirrors  instead  of  convex  ones, 
•t  13  mteresting  to  deduce  the  expression  for 


CAT 

the  case  of  piano  mirrors  from  the  formulas  just 
found.  They  may  be  considered  as  small  parts 
of  circles  of  no  curvature,  and  infinite  radius,  be- 
cause it  is  quite  evident  that  the  nearer  a  circlo 
becomes  to  a  complete  plane  in  any  large  part  of 
it,  the  larger  its  radius  must  get.    Suppose,  then, 

r  =  o6  .,  then  f  =  £-  =  oo  also,  and  —  -I-  — 
2  V  u 

=  .1=1  =  0,. •.i  =  -iandv=- 

f        00  V  u 

u  that  is,  the  point  of  accurate  reflection  is  on  the 
opposite  side  of  the  mirror  from  the  point  of 
divergence  of  the  rays,  and  at  an  equal  distance 
from  the  mirror.  We  should  have  had  the  same 
result  by  taking  the  other  formula  for  convex 

mirrors    —  =  —  and  v  =  u;  seeing  that 
v  u 

the  positive  values  of  v  and  u  are  now  obtained  by 
taking  them  on  the  opposite  sides  of  A. 

It  is  important  to  notice  that  in  every  one  of 
the  special  cases  considered,  it  was  only  necessary 
to  take  u  as  positive  in  the  one  case,  and  nega- 
tive in  the  other,  to  make  the  two  cases  coincide. 
In  fact,  we  have  seen  that  the  two  cases  differ  by 
having  the  signs  of  two  of  the  quantities  differ- 
ent. When  the  sign  of  the  other  also  becomes 
different,  we  get  a  formula  something  of  the 
form  —  A  =  —  B,  which  is  readUy  convertible 
into  A  =  B,  the  original  expression.  Taking 
it  geometrically,  we  see,  indeed,  the  same  thing. 
The  whole  system  of  mirror,  rays,  luminous 
point,  is  merely  transferred  to  a  new  position 
in  space,  and  as  physically  it  makes  no  differ- 
ence in  the  results  what  position  in  space  a 
system  may  occupy,  we  should  expect  this  total 
change  to  restore  the  exact  equivalence  of  the 
formulas.  A  physical  change  would  be  generally 
wi'ought  in  the  results  of  any  system,  by  some 
relative  alterations  of  positions ;  but  when  the 
whole  position  alters,  maintaining  all  the  while  its 
internal  relations,  there  is  no  diflference  of  results. 

An  important  proposition,  which  is  of  great 
value  in  enabling  the  student  immediately  to  de- 
duce many  of  the  results  just  given,  and  in  con- 
centrating them  into  one,  is  the  following.  The 
focal  length  is  a  mean  proportional  between  the 
distances  of  the  conjugate  foci  from  the  principal 
focus 

Taking  the  proportions  already  obtained — 
u  —  r:r  —  v  ::  u:v 
oru  —  r:u  ::  r  —  v:v 
we  get,  by  composition  and  division  2  ii  —  r  :  r 
: :  r  :  2  V  —  r 

r 

2 


r 

u  —  — 

2 


or 


r 

r 

V  — 

2 

2 

¥  Q 

  FA 

F  A 

F  q 

and  therefore  fq.  Fq  =  FA' 
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If  we  remember  that,  as  has  been  shown  in  the 
various  cases  which  we  have  specially  examined, 
the  conjugate  foci  always  lie  on  the  same  side  of 
the  prmcipal  focus,  the  proposition  will  enable  us 
in  any  case  very  speedily  to  arrive  at  the  results 
which  we  may  desire. 

It  is  essential  to  remember  that  in  all  the 
cases  just  examined,  and  in  all  the  propositions 
now  established,  the  arc  of  the  mirror  is  con- 
sidered as  being  very  small,  compared  with  the 
radius  of  the  arc.  If  it  be  not  so,  these  propo- 
sitions will  not  hold  good,  and,  in  fact,  there  will 
be  no  point  of  accurate  reflection. 

€aiisiic.  When  a  number  of  rays  from  a 
point  are  reflected  or  refracted  from  a  reflecting 
or  refracting  surface,  the  line  which  would  be 
made  up  by  the  series  of  intersections  of  the  suc- 
cessive reflected  or  refracted  rays  is  called  the 
caustic  curve.  For  example,  if  a  series  of  lumi- 
nous rays,  sent  from  a  point  so  distant  that  the 
rays  are  practically  parallel,  be  reflected  from  a 
semicircular  rim,  the  curve  x  y  z  represented  in 
the  figm-e  will  be  the  caustic  curve.  Suppose  two 


-A 

-B 


very  near  rays,  such  as  the  rays  A  and  b,  inter- 
secting each  other  when  reflected  in  the  pouit 
c,  then  the  curve  is  the  line  made  up  by  an 
infinite  number  of  such  points.  It  will  be  prac 
tically  exemplified  if  we  place  a  semichcular  rim 
of  tin  upon  a  table  exposed  to  the  sun's  rays. 
The  cm've  will  be  the  line  of  division  between 
the  bright  space  on  the  table  and  the  dark  one. 
It  will,  mdeed,  be  evident,  by  producing  the  re- 
flected lines,  that  no  point  beyond  the  line  of  the 
curve  can  get  more  than  half  of  the  light  reflected 
from  the  one-half  of  the  semichcle,  while  pomts 
between  the  rim  and  the  curve  are  exposed  to  the 
light  reflected  from  the  whole. 

We  may  have  a  caustic  formed  in  the  same 
way  for  any  reflecting  or  refracting  surface,  ex- 
posed to  light  from  points  situated  in  any  posi- 
tion. The  theory  of  caustic  curves  is  very  inte 
resting.  It  was  first  discussed  by  Tschirn 
hausen.  Mains  treats  very  fully  of  it  in  his 
Theorie  de  la  Double  Refraction. 

The  special  name  given  to  the  caustic  of  reflec- 
tion is  catacaiisiic,  sometimes  simply  caustic,  and 
it  is  this  that  is  employed  above;— the  curve  of 
refraction  is  called  the  diacaustic  curve  ((/  «). 

CcHtaurus  (,The  Centaur).    A  southern  con 
stellation  which  scarcely  rises  in  our  latitude. 

It  is  situate  near  Ara,  Lupus,  Libra,  ancl 
Virgo    The  stars  «  Centami  and  Centaun 
are  of  the  first  magnitude.     Sometimes  it 
made  one  constellation  along  with  Lupus,  and  it 
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would  appear  that  various  of  those  which  we 
have  mentioned  liave  been  united  with  it. 

Centering.  The  subordinate  arches  of  wood 
or  slight  stone-woric,  employed  for  the  conve- 
nience of  the  architect  in  laying  the  materials  of 
our  larger  bridges,  are  called  centering.  They 
depend  equally  with  the  bridge  upon  the  mathe- 
matical principles  of  the  arch.  See  Buidge  and 
Arch. 

Centigrndc.  See  TnEUMOSiETER. 
Central  Forces.  A  body  under  the  action 
of  any  one  force  moves  uniformly  in  a  straight 
line.  The  law  of  Inertia  declares  that  a  body 
movuig  so,  will,  if  not  interrupted,  continue  to  move 
so  for  ever.  If  then  a  body  move  either  v.ith 
changes  of  velocity  or  changes  of  direction,  there 
must  be  some  new  force,  the  introduction  of  wliicli 
has  produced  these.  If,  for  instance,  a  body 
moving  at  a  imiform  rate  increases  or  decrease? 
its  velocity — as  a  steam-engine — we  know  that 
additional  force  has  been  exerted  in  the  one  case, 
and  that  contrary  forces  have  been  brought  into 
play  in  the  other.  If,  again,  as  in  a  ship  tacking, 
or  a  projectile  falling,  a  body  change  its  direction 
of  motion,  there  must  have  been  a  like  introduc- 
tion of  new  forces.  The  theory  of  central  force- 
in  its  elementaiy  stage  treats  chiefly  of  the 
latter  case. 

Suppose  that  a  body,  moN^ing  along  at  any 
rate,  receives  a  shock ;  it  will  proceed  to  movt 
in  a  new  direction  (the  new  direction  being  a 
straight  line,  though  not  the  same  as  before). 
If,  again,  it  receive  another  impulse,  it  will  agaii: 
change  its  direction,  and  so  on  with  a  third  o; 
fourth  impulse.  We  may  readily  suppose  i: 
series  of  such  impulses  acting  so  that  the  primi- 
tive directions  and  lines  of  motion  shall  be  re- 
stored, and  that  the  body  be  thus  made  by  tht 
compounding  of  each  successive  motion  with  tlie 
result  of  each  new  impulse,  to  describe  the  cir- 
cumference of  a  polygon.  If  we  suppose  these 
impulses  communicated  in  a  very  rapid  succession, 
Ave  shall  have  a  polygon  with  a  constantly  in- 
creasing number  of  sides,  and  if  we  suppose  them 
added  at  mfinitely  small  intervals,  we  shall  have 
a  cun'e.  All  motion  then,  in  a  chcle,  depends 
upon  such  a  communication  of  successive  im- 
pulses at  infinitely  smaU  inter\'als  of  time— each 
impulse  driving  the  mo\nng  body  in  a  direction 
diflTerent  from  that  in  which  it  moved  previously- 
In  some  cases  of  curvilinear  motion,  indeed, 
no  such  impulses  are  at  first  discerned.  If,  for 
example,  a  bullet  be  attached  to  a  string,  and 
made  to  rotate  round  it  as  in  a  sling,  there  is  a 
curvilinear  motion  pro- 
duced, yet  we  only  see 
at  first  sight  the  one 
force  of  the  impulsion 
which  we  give  the 
body.  If,  however,  we 
increase  the  velocity  of 
the  bullet  or  its  Avcight,  we  shall  find  tha' 
the  string  is  broken.    Now,  the  bullet  nio,vc( 
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ondicular  to  it  in  every  case,  and  as  it 
quite  free  so  to  move,  we  should  not 
t  that  this  impulse  had  been  the  cause  of 
l  eaking.    In  fact,  at  every  point,  the  ball 
ove  perpendicularly  to  the  s  tring,  but  it  did 
ntinue  to  move  in  the  luie  thus  given  it  at 
oint,  but  diverged  towards  the  centre.  The 
:t  A  would  have  moved  along  to  c  in  a  given 
whereas  it  does  move  only  to  d.  Supposing 
ihe  lines  considered  to  be  veiy  small,  there 
have  been  a  downward  force  acting  upon 
string,  and  pulling  it  to  the  centre  equal  to 
The  string  remaining  straight,  there  has 
1  an  equivalent  force  puUmg  the  string  from 
centre  called  into  action.    This  force  is  the 
ion  of  the  string;  and  simply  means  the 
\  which  its  cohesive  properties  enable  the 
,  to  resist,  without  being  broken.    If  this 
.  A  E  be  so  great,  that  the  string  cannot  sus- 
1  the  opposing  force  of  its  equivalent,  the 
n;^  breaks,  and  the  body  flies  off.    This  then 
ailed  the  centrifugal  force.    The  centripetal 
■e  is  simply  the  adverse  force  which  acts 
n  the  body  to  prevent  its  moving  along  the 
:iit  A  c. 

iie  cenirifugal  force  (as  it  is  called)  varies  as 
square  of  the  velocity  of  the  body  at  the 
nent,  and  in  the  inverse  ratio  of  the  distance 
n  th8  centre.    (In  the  case  of  bodies  moving 
;iu-ves  not  circular,  the  centre  spoken  of  is  that 
a  circle  which  would  just  touch  the  curve  at 
point.)    As  the  velocity  at  any  point  varies 
the  radius  inversely,  the  centriifugal  force 
•  ies  as  the  inverse  cube  of  the  radius. 
fAn  interesting  illustration  of  the  centrifugal 
:  :e  will  be  obtamed,  if  we  set  a  circular  rmg  of 
luing  steel  upon  an  iron  bar,  which  is  free  to 
rotate  in  its  socket, 
and  cause  •vaolent  re- 
volution.    The  figure 
will  represent  the  re- 
*  suit.    The  middle  and 
I  extremities  of  the  circle 
perform  their  revolu- 
tions in  the  same  time. 
Hence  the  velocity,  and 
therefore  the  centrifugal 
ceis  very  much  greater  at  the  former  than  at  the 
Bter  points.  The  spring  then  tends  to  whirl  off  the 
i,  and  most  where  the  centrifugal  force  is  great 
.   There  is  thus  a  pressure  generated,  which 
jtges  out  the  ring  as  represented.  This  is  shown 
a  large  scale  in  the  great  terrestrial  inequality 
the  polar  and  equatorial  diameter.   The  line  of 
J  poles  corresponds  to  the  line  of  the  rod,  and 
3  ring  may  represent  a  diametral  section  of 
3  earth's  mass.   The  centrifugal  force  is  at  no 
int  sufficient  to  overcome  the  attraction  of  the 
rth's  mass,  and  so  all  motion  must  be  along  its 
rface.    Tlie^  centrifugal  force,  however,  at  the 
■les  is  nothing,  or  very  nearly,  and  there  is 
erefore  a  pressure  towards  the  centre  due  to  the 
■sole  attraction.   At  the  equator,  again,  there 
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IS  a  very  gi-eat  centrifugal  force,  arising  from  the 
earth's  rotation  round  the  poles.  A  particle  at 
the  equator  describes  its  25,000  miles  in  the  same 
time  as  one  near  the  poles  describes  one  mile  of 
circuit.  Hence,  not  the  whole  attractive  force, 
but  that,  less  by  this  centrifugal  force,  presses  tlie 
mass  at  the  equator  to  the  centre.  The  eartli, 
then,  is  as  a  ball  of  soft  matter  unequally  pressed ; 
it  will  be  squeezed  out  in  those  places  where  the 
pressure  is  least.  Therefore,  it  is  higher  at  tlie 
equator  than  at  the  poles.  If  the  velocity  of  the 
earth  in  its  rotation  round  its  axis  were  about 
seventeen  times  as  great  as  it  is,  this  effect  Avould 
become  so  marked  that  a  body  at  the  equator,  not 
retained  by  cohesive  force  at  the  smface,  would 
fly  off.  There  is  a  diminution  of  rather  less  than 
(_>_)  1  in  the  weight  of  a  body  at  the  equator  and 
at  the  poles.  See  Earth,  Density  of  the,  and 
Earth,  Figure  op  the. 

Cciin-e  of  Gravity  is  that  point  of  a  body 
which,  being  supported,  the  whole  body  wiU  re- 
main at  rest,  although  subjected  to  the  action  of 
gravity. 

In  this  definition,  it  is  assumed  that  such  a 
point  does  exist — that  there  is  some  point  in 
every  body,  or  which  may  be  supposed  connected 
with  it,  which,  being  supported,  the  whole  will 
be  so  also.  This  assumption  is  made  upon  the 
following  groimd  : — AH  bodies  may  be  imagined 
to  consist  of  a  large  number  of  particles  of  mat- 
ter, connected  by  cohesion.  Suppose,  then,  to 
take  the  simplest  case,  a  body  composed  of  the 
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two  particles  A  and  b,  connected  together,  and 
both  acted  on  by  such  a  force  as  gravity.  Then, 
as  gravity  may  be  supposed  to  act  for  any  average 
distance  A  b,  constantly  in  the  same  direction, 
imagine  a  p  and  b  q  to  represent  its  line  of 
action.  The  force  upon  a  and  b  will  be  propor- 
tional to  their  masses,  and  therefore  they  will 
just  fall  with  the  same  speed,  and  preserve 
throughout  their  relative  position,  b  might  be 
considered  as  made  up  of  (say)  four  pieces,  each 
equal  in  mass  to  a,  and  each  piece  would  then 
be  acted  on  by  a  force  equal  to  that  upon  a,  and 
the  four  pieces,  in  falling,  would  move  all  toge- 
ther, and  would  move  just  as  a  moves.  Hence, 
if  A  b  be  a  material  connection,  suppose  an  in- 
finitely thin  rod,  so  as  to  have  no  sensible  weight 
of  its  own,  it  would  not  be  at  all  twisted  from  its 
original  position  with  respect  to  the  horizon: 
so  that  exactly  the  same  motion  would  be  pro- 
duced upon  a  mass  equal  to  a  and  b  together, 
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by  a  force  equal  to  the  sum  of  those  acting  upon 
A  and  B.  If  we  suppose,  then,  a  force  equal  to 
that  with  which  gravity  would  act  upon  a  and 
B  together,  acting  somewhere  and  producing 
equilibrium  in  the  whole  system, — we  shall  obtain 
that  which  we  can  substitute  for  a  and  b  separ- 
ately. 'Now,  it  is  evident  that  this  force  must  act 
between  a  and  b.  In  any  other  case  A  and  b 
would  fall  round  the  line  of  its  direction.  If  b 
be  the  heavier  (say  four  times),  it  will  have  four 
times  the  tendency  to  fall  round  the  line  of  force 
in  any  case  that  a  has ;  but  the  velocity  which 
gravity  produces  is  the  same  for  a  and  b.  Now, 
in  order  that  the  line  a  b  may  remain  steadfast, 
the  spaces  described  by  b  and  a  in  falling  roimd 
the  line  of  application  of  this  force,  would  be  just 
in  proportion  to  the  lines  b  o  and  A  c  (c  being 
its  point  of  application).  Hence,  a  0  must  be 
just  in  the  same  ratio  to  b  c  that  the  force  ap- 
plied to  b  is  to  that  at  a  (see  Lever);  and 
if  it  be  so,  equilibrium  will  be  produced.  If,  then, 
the  point  c  be  supported,  there  will  be  no  mo- 
tion, and  the  actual  motion  of  a  and  b  might  be 
replaced  by  a  motion  of  their  sum  at  the  pomt  c, 
under  the  gravitating  influence  due  to  the  united 
■weight. 

In  all  this  we  have  not  required  to  consider 
what  position  a  b  occupied  with  regard  to  the 
direction  of  gravity.  It  therefore  comes  to  the 
same  thing,  whether  we  imagine  it  oblique  or  not. 
If  then,  we  have  merely  a  and  b,  with  the  same 
weight  at  the  same  distance,  c  will  always  be 
their  centre  of  gravity.  There  does  exist,  there- 
fore, in  the  case  of  two  material  points  connected 
into  one  body,  a  point  between  them  which,  being 
supported,  the  sj'stem  remains  at  rest,  and  upon 
which  the  strain  is  equal  to  the  combined  weights. 

But  as  the  same  thing  may  be  shown  regard- 
ing any  number  of  points,  it  may  be  concluded 
that  in  every  given  body  there  exists  a  point 
which  can  be  determined,  (and  which  remains 
in  the  same  place  in  the  hodij  as  long  as 
the  body  remains  the  same,  whatever  position 
it  may  assume,)  at  which  the  gravitating  forces 
which  really  act  upon  all  the  individual  points  of 
the  body  may  be  supposed  concentrated,  v.iien  we 
wish  to  consider  the  body  either  in  motion  or  at 
rest.  In  fact,  we  may  suppose,  (theoretically) 
the  body  removed,  and  a  heavy  material  point 
weighing  the  same  as  the  body  substituted  in  its 
place. 

The  stability  of  a  body  (see  Stability)  in  its 
position  of  equilibrium  is  that  property  by  which, 
if  disturbed,  it  tends  to  return  to  rest  in  its 
original  position.  If  the  centre  of  gravity  be 
supported  from  above,  any  disturbance  would 
cause  the  body  to  oscillate  like  a  pendulum  round 
the  point  of  support,  ultimately,  (from  friction, 
resistance  of  air,  &c.,)  coming  to  rest.  If  llic 
pomt  of  support  be  very  far  from  the  centre  of 
gravity,  the  body  will  rapidly  return  to  com- 
parative rest,  under  the  same  disturbing  forces  as 
would  have  caused  a  protracted  motion  had  the 
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two  points  been  near.  If  tlie  support  be  obtained 
by  holding  the  ccnti-e  of  gravity  itself,  as  br 
pushing  a  fixed  rod  through  it,  the  equilibrium 
will  be  preserved  in  any  position  which  the  body 
may  assume.  There  wiU  be  no  tendency,  in  fact, 
to  fall  round  the  point  of  support.  If,  again 
that  point  be  below  the  centre  of  gravit^',  as 
when  a  body  rests  upona  table,  then  the  equilibrium 
will  be  rmstable,  if  there  be  only  one  point  upon 
which  the  body  rests.  If  the  base  be  consider- 
ably  extended  around  it,  small  disturbances  wiU 
remove  the  centre  of  gravitj',  indeed,  but  the 
vertical  through  it  wiU  stiU  fall  within  the  base, 
and  gravity  will  restore  the  body  in  some  cases 
to  its  original  position,  in  some  not.  If  a  vertical 
through  the  centre  of  gravity  fall  TN-ithin  the  base, 
however,  there  will  be  equilibrium.  This  is 
strikingly  illustrated  by  the  hanging  tower  of 
Pisa,  a  buildmg  like  that  below,  with  its  centre 
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of  gra\aty  as  shown,  and  the  vertical  through 
it,  falling  withm  the  base.  If  we  suppose  an- 
other storey  added  to  the  tower,  the  centre  of 
gravity  might  be  conceived  to  be  raised  till  the 
vertical  would  just  fall  at  the  edge.  lu  this 
position  there  would  be  equilibrium,  but  the 
least  horizontal  force  coming  against  it  would 
upset  it  (a  slight  b  reeze  for  instance).  If  another 
storey  be  added  to  the  tower,  the  vertical  from 
the  centre  of  gravity  would  no  longer  fall  within 
the  base,  and  the  tower  ivould  fall.  We  can 
explain  these  successive  results  by  supposing  the 
tower  removed  entirely,  and  the  weights  col- 
lected at  the  various  points  which  are  succea- 
sively  the  centres  of  gravity. 

It  remains  to  describe  the  method  by  which 
the  centre  of  gravity  may  be  found. 

In  regular  bodies  it  is  very  easy  to  see  where 
the  centre  of  gi-avit}'  will  be.  Thus,  in  a  circular 
or  square  plate  of  homogeneous  matter,  the  centre 
of  gravity  wiU  be  the  centre  of  the  figure,  cr 
rather,  if  we  imagine  it  cut  in  the  middle  by  n 
section  parallel  to  the  two  surfaces,  it  will  be  the 
centre  of  that  section.  In  a  homogeneous  cube  or 
sphere,  the  centre  of  the  figme  would  again  cor- 
respond witli  the  centre  of  gravity.  In  short, 
wherever  we  have  a  regular  figure  made  u]' 
of  a  series  of  pairs  of  points,  .  corre-^ponding 
in  weight  and  in  distance  from  a  point  of  the, 
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-e,  that  is  the  centre  of  gravity.    This  con- 
in,  it  will  be  evident,  includes  bodies  not 
iiamogeneoiis.  A  sphere,  ibr  instance,  made 
concentric  shells  might  be  composed  of  any 
of  matter,  and  the  shells  of  any  different 
of  matter,  snch  as  iron,  brass,  tin,  &c.,  if 
hell  remained  quite  homogeneous. 
Hially,  the  masses  -with  which  we  have  to 
are  not  so  constructed.     If  their  surfaces 
im  to  any  law,  and  tlieir  density  varies 
ling  to  any  other  law,  depending  upon 
m,  we  may  suppose  mathematical  solutions 
;e  problem.    If,  as  in  most  ordinary  bodies 
have  a  mere  agglomeration  of  particles,  we 
lire  to  determine  the  centre  of  gra\'ity  by  ex- 
p.ients  in  each  case. 

.ct  the  body  be  suspended  by  a  string,  and 
V.  ed  to  find  its  position  of  equilibrium.  Then, 
ve  have  already  pointed  out,  the  equilibrium 
;t  be  due  to  the  action  of  some  force  counter- 
mcuig  gravity.    That  force  is  the  tension  of 

string,  and  this  must  therefore  be  directly 
osite  to  the  line  in  which  gravity  acts  on  the 
V.  This  line  passes  through  the  centre  of 
vity,  and  so  therefore  must  the  direction  of 

string.  Mark  the  du-ection  of  the  string 
)ugh  the  body.    Suspend  it  by  another  point, 

we  shall  have  a  second  line  of  direction 
sing  through  the  centre  of  gravity  of  the  body. 
!  centre  of  gravity  is  therefore  a  point  through 
ch  both  of  these  lines  pass.    But  as  the  lines 

only  both  pass  through  one  point,  that  point 
3t  be  the  centre  of  gravity, 
t  is  quite  indifferent  what  points  we  select  as 
;e  by  which  we  may  suspend  the  body.  There 
nly  one  centre  of  gravity  in  every  body,  and 
lines  wUl  always  intersect  as  we  have  shown 
hat  one  point. 

f  finally,  we  have  two  or  three  bodies  united 
1  a  system,  and  of  each  of  which,  perhaps  from 
ir  symmetrical  figures,  we  laiow  the  centres  of 
vity,  we  may  find  that  of  the  whole  system 
a  method  already  indicated.  Imagme  the 
ies  removed,  and  heavy  points  with  weights 
al  to  them,  placed  at  their  centres  of  gravity. 
;n  the  centre  of  the  first  two  wUl  be  found  by 
iding  the  line  joining  them  into  parts  in  the 

0  of  the  weights,  the  lesser  bemg  nest  the 
ater  weight  and  vice  versa.  We  can  suppose 
ra  removed  now,  and  a  mass  equal  to  their 

1  placed  at  the  point  of  division  so  found, 
is  combined  in  the  same  way  with  the  thu-d 
M  give  the  centre  of  gravity  of  the  three,  and 
niilar  process  might  be  pursued  for  any  number, 
11  we  obtam  finally  the  centre  of  gravity  of 
system. 

['cntrc  of  Gravity;  Conservation  of  the 
lion  of.  One  of  the  most  important  among 
^■ral  theorems  in  Rational  Mechanics;  first 
lonstrated  by  Newton  in  his  fourth  Corollary 
the  Thhd  Law  of  Motion,  and  afterwards 
lorahzed  by  D'Alembert.  It  may  bo  expressed 
lollowa  -.—The  mutual  action  of  the  different 
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hodies  of  a  system  on  one  another,  cannot,  whatever 
be  the  nature  of  that  action,  alter  in  any  wise  the 
state  of  the  centre  of  gravity  of  the  system;  so  that, 
if  the  only  accelerating  forces  influencing  the 
system  be  these  reciprocal  actions ;  or,  what  is 
the  same  thing,  if  the  external  forces  affecting  it 
be  not  accelerating,  but  instantaneous  forces,  then 
the  centre  of  gravity  of  the  system  must  either 
remain  motionless,  or  move  in  a  straight  line. 
The  singular  advantage  of  the  foregoing  theorem 
is  this ; — however  complex  the  system  may  be  of 
which  one  is  treatmg,  or  whatever  the  forni  of 
the  body  whose  motions  are  being  investigated, 
the  problem  concerning  the  motion  of  its  centre 
of  gravity  is  as  simple  as  if  we  were  treating  the 
elementary  case  of  the  motion  of  a  point.  And 
as  all  movements  of  translation  appertaining  to 
any  system,  are  vktually  movements  of  its  centre 
of  gravity,  it  follows,  that  when  considermg  any 
such  problem,  we  may  neglect  those  effects  of  the 
mutual  action  of  the  bodies  composing  it,  the 
determination  of  which  generally  constitutes  the 
chief  difficulty  of  Dynamics. 

Centre  of  Ccyration  is  the  point  at  which, 
if  the  whole  mass  of  a  body  rotating  round  an 
axis  or  point  of  suspension  were  collected,  a  given 
force  applied  would  produce  the  same  angular 
velocity  as  it  would  if  applied  at  the  same  point 
to  the  body  itself. 

Suppose,  for  example,  a  wheel  pushed  in  any 
direction  by  a  certain  force,  it  will  only  act  ori- 
ginally at  the  point  of  application.  By  virtue  of 
the  rigidity  of  the  body,  however,  its  action  will 
be  transmitted  to  the  whole  wheel,  and  a  certain 
motion  produced.  Now,  if  we  imagine  the  mass 
of  the  wheel  collected  at  the  centre  of  gyration, 
and  if  we  imagine  the  same  force  acting  on  the 
same  point,  which  now  must  be  supposed  to  be 
without  weight,  but  rigidly  connected  with  the 
mass  at  the  centre  of  gyration,  the  motion  pro- 
duced would  be  exactly  the  same  as  that  of  the 
point  corresponding  to  this  in  the  wheel.  The 
angular  velocity  is  miiform  for  the  whole  wheel, 
and  is  the  same  as  the  angular  velocity  of  the 
centre  of  gyration  in  these  cu-cumstances. 

The  centre  of  gyration  bears  a  strong  analogy 
to  the  centre  of  oscillation.  It  differs  only  in  this, 
that  whereas,  in  that  case  the  operating  forces 
are  supposed  to  act  at  every  point  of  the  moving 
body,  in  this  there  is  only  one  force  acting  upon 
one  point. 

It  is  found  hy  the  followmg  rule : — Divide  the 
moment  of  inertia  of  the  rotating  mass  (the  sum 
of  the  products  of  the  weight  of  each  point  of  it 
by  the  square  of  the  perpendicular  distance  of 
that  point  from  the  axis  of  rotation)  by  the  mass 
of  the  body,  and  extract  the  square  root  of  the 
quotient.  This  will  give  the  distance  of  the  cen- 
tre of  gyration  from  the  axis. 

The  centre  of  gyration  of  a  straight  luie  re- 
volving round  ono  of  its  extremities  is  at  the  dis- 
tance e.,  5-8)  of  the  length  of  the  line 
from  that  extremity. 
11 
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The  plane  of  a  circle  revolving  about  the  dia- 
meter has  its  centre  of  gyration  removed  from  the 
centre  by  one-half  of  the  radius. 

The  distance  of  the  centre  of  gyration  from  the 
axis  of  motion  is  always  a  mean  proportional 
between  that  of  the  centres  of  gravity  and  oscilla- 
tion. Any  two  of  these,  therefore,  being  given, 
the  other  may  be  determined. 

Centre  of  Oscillation.  If  we  conceive  a 
set  of  points,  such  as  A,  b.  c,  connected  by  in- 
finitely light  though  rigid  rods  with  the  point  o, 
and  allowed  to  vibrate  as  pendulimis  round  that 
point,  we  shall  have  the  several  motions  com- 
o  mencing  with  different  velo- 
cities. Gravity  tends  to  im- 
press upon  all  bodies  upon 
which  it  acts  freely,  equal 
velocities,  and  thus  a,  b,  and 
c,  if  left  to  themselves,  would 
fall  through  A  d,  b  E,  c  f  in 
the  first  second,  these  being 
all  equal.  Now,  according  to 
the  proposition  of  the  par- 
allelogram of  forces,  we  may 
consider  these  motions  as  each 
originated  by  two  forces  instead  of  one — the 
first  pair  being  such  as  to  produce  a  motion  of 
A  G  and  A  K  respectively  in  the  first  second, 
A  G  being  a  continuation  of  a  o,  and  ic  G,  a 
rectangle,  having  the  diameter  a  d.  So  the 
other  forces  could  also  be  decomposed,  giving  two 
forces  which  may  be  represented  by  b  h,  b  l, 
and  c  M,  ON,  (l  h  and  m  n  being  rectangles.) 
Now,  of  the  two  forces  in  each  case,  that  which 
acts  along  a  g  is  destroyed  by  the  resistance  of 
o,  and  A  K  alone  is  left  fi'ee  to  remove  a. 
Similarly  b  h  and  c  m  are  destroj-ed,  and  b  l 
and  c  N  alone  left  to  move  the  points  b  and  c. 
Hence  a,  b,  and  c,  instead  of  moving  through 
A  D,  B  K,  and  c  F,  in  the  first  second  will  move 
through  A  K,  B  I/,  and  c  n  respectively.  It  wiU 
be  evident  at  once  that,  as  we  approach  the  ver- 
tical o  P,  the  motion  will  grow  less  and  less, 
and  at  o  p,  in  fact,  all  the  motion  would  be  pre- 
vented by  the  resistance  of  o.  If  we  imagine 
now  the  points  A,  b,  c,  to  be  rigidly  connected, 
some  of  tliem  must  slacken  and  some  quicken 
their  motion.  The  point  a  will  be  retarded  by 
the  point  c,  which  does  not  move  so  rapidly  of 
itself,  and  the  point  c  again  will  be  pushed  on- 
wards by  the  point  a.  The  body,  however,  does 
move,  and  with  a  certain  velocity.  AVe  can  sup- 
pose a  point  s,  which  would  move  with  the  same 
velocity,  accompanying  tlie  body  stroke  for  stroke, 
and  if  this  point  s  were  free,  rotating  along  with 
the  body  and  the  point  immediately  beneath  it 
upon  the  body  marked,  it  would  be  found  tliat  the 
relative  positions  of  s  and  of  that  point  would  not 
alter.  If,  again,  any  mass  were  attached  there 
to  the  body,  suppose  a  heavy  ball  compressed  into 
n  point,  the  motion  of  the  body  composed  of  a, 
1!,  c,  i&c,,  would  go  on  just  as  before.  The  point 
8  is  called  the  centre  of  oscillation. 
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It  is  most  readily  found  in  any  given  case  by 
the  employment  of  the  methods  of  the  calculus; 
we  shall  not  attempt  to  give  these  here.  It  L» 
always  farther  from  the  pomt  of  suspension  than 
the  centre  of  gravity  is,  and  always  in  the  straight 
line  joining  these  two  points. 

It  is  necessary  to  find  it,  in  order  to  arrive  at 
an  exact  means  of  reducing  a  compound  pendu- 
lum to  a  simple  one,  to  which  latter  many  readily 
understood  laws  applj'. 

The  centre  of  oscillation  of  a  given  body  is 
found  by  letting  the  body  come  to  rest,  when  we 
can  draw  a  vertical  line  in  which  the  centre  of 
gravity  must  be  found,  and  in  which  the  centre 
of  oscillation,  therefore,  also  lies.  To  find,  then, 
its  length  from  the  centre  of  suspension,  we 
divide  the  moment  of  inertia  (the  sum  of  the  pro 
ducts  of  the  mass  of  each  particle  of  the  body  by 
the  square  of  its  distance  from  the  point  of  sus- 
pension) by  the  product  of  the  mass  of  the  body 
into  the  length  of  the  line  from  the  centre  of 
gravity,  to  the  point  of  suspension, 


The  centre  of  oscillation  of  a  straight  line  or  i 
C3'linder  suspended  at  one  end,  will  be  distant 
from  that  end  by  -f  of  its  length,  while  the  centn 
of  gravity  is  distant  f  of  its  length.  The  diS' 
tance  in  an  isosceles  triangle  of  the  point  of  sus- 
pension (the  vertex)  and  the  centre  of  osciUatioi 
will  be  I  of  the  length  of  the  perpendicular  firon 
the  vertex  upon  the  base.  The  distance  of  th( 
centre  of  gravitj'  from  that  point  will  be  of  th( 
length  of  that  line. 

Centre  of  Pcrcassion  is  that  point  of 
moving  body  at  which  the  impetus  of  the  bod; 
supposed  to  be  concentrated.    If  we  imagme 
body  perfectly  rigid  and  non-elastic,  then  wl 
the  centre  of  percussion  strikes  against  an  ' 
movable  obstacle,  repose  should  be  produ( 
If  the  body  strike  at  any  other  pomt 
the  centre  of  percussion,  there  would  be  a  sort, 
rotatory  motion  round  the  fixed  point.  '~ 
impetus  of  some  of  the  points  would,  in  fact, 
be  destroyed,  and  that  of  others  would  be 
only  destroyed,  but  an  impetus  in  the 
direction  imparted. 

If,  again,  the  body  move  round  an  axis,  as 
the  case  of  a  body  suspended  from  a  point, 
strike  against  the  centre  of  percussion,  there 
be  no  strain  upon  the  axis  or  the  point  of  sui 
sion.    If  it  strike  agamst  any  other  point 
will  be  a  certain  strain. 

If,  for  example,  a  ball  swinging  roimd  fi 
fixed  point  strike  against  an  immovable  poini 
its  lower  part,  the  velocity  of  the  upper 
not  thereby  be  destroyed,  but  it  will  move  onwar 
as  far  as  it  can,  until  the  rigitlity  of  the  bo(i' 
and  its  connection  with  the  point  stopt  prcvci 
it,  and  then  it  will  puU  at  the  point  of  suspensiOj 
in  order  to  continue  its  motion. 

There  is  a  diflcrent  centre  of  percussion  f- 
each  of  these  two  cases.  When  the  body  is  ino\ 
ing  freely,  and  gravity  therefore  acting  frecV, 
whatever  direction  the  body  may  be  moving  »' 
12 
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I  entre  of  percussion  is  the  same  as  tlie  centre 
avity.  This  supposes  that  there  is  no  rota- 
motion  combined  -with  the  rectilinear  motion 
'  body.  In  that  case  it  is  not  acting  freely, 
ere  be  none,  then  whatever  force  acts  upon 
particle  of  the  body  acts  unifonnly  like  that 
ivity,  and  acts  in  a  constant  direction.  Hence, 
;  ding  to  the  parallelogram  of  forces,  the  force 

I  pounded  of  gravity  and  the  impelling  forces 
act  uniforml}'  also.  If  the  body  move 
1  a  point  or  an  axis  of  suspension,  the  centre 
:  cussion  becomes  the  same  point  with  the 
■  of  oscillation,  and  is  to  be  foimd  in  the 
way. 

is  necessary  only  to  remark,  that  a 
iig  body  will  strike  the  hardest  blow  upon 
pposing  obstacle  at  the  centre  of  percussion, 
that  point  there  is  no  interior  strain  on  the 
tides  of  the  body,  and  none  upon  the  point  or 
5  of  suspension,  in  which,  part  of  the  value  of 
moving  force  would  be  consumed.  The  whole 
e  acts  upon  the  obstacle.  Thus,  smce  the 
tre  of  oscillation  of  any  straight  uniform  stick 
t  f  of  its  length  from  the  point  of  suspension, 
hardest  blow  with  a  stick,  may  be  given  by 
ing  an  obstacle  -with  it  at  that  point, 
'entre  of  Pressure.  A  fluid  enclosed  in  a 
el  exerts  a  certain  amount  of  pressure  against 
sides.  It  is  manifest  that  this  will  be  less 
iiy  point  than  at  one  lower  down,  because  the 
'le  weight  of  the  body  immediately  between 
points  presses  on  the  side  of  the  vessel  at  the 
:i-  in  addition  to  the  weight  at  the  upper.  The 
ciple  of  the  equality  of  pressures,  essential  in 
oRosTATics,  (g.  v.)  at  once  establishes  this, 
have  therefore  the  simple  problem  of  parallel 
66  to  deal  with.  So  many  forces  acting  against 
\  ertical  side  of  a  vessel  in  horizontal  directions, 
required  to  know  their  resultant — if  there  be 
capable  of  representing  all  of  them— and  its 
t  of  application.  It  is  evident  that,  as  the 
increase  as  we  go  do'svnwards,  the  point  of 
ication  will  be  nearer  the  bottom  than  the 
and,  therefore,  always  lower  than  the  centre 
l  avity.  The  value  of  the  resultant  forces  will 
he  sum  of  all  the  pressures.  It  is  not  ne- 
ary,  of  course,  that  the  sides  of  the  vessel  be 
zontal.  ' 

he  point  is  called  ih^  centre  of  pressure 
(centre.  In  the  case  of  a  vessel  with  a  paral- 
?ram  for  one  side,  the  centre  of  pressure  will 
t  the  distance  of  one-third  of  the  height  from 
bottom.  In  the  case  of  a  triangular  vessel, 
:  base  is  at  the  bottom,  it  is  one-fourth  of 
ight  only. 

IS  the  centre  of  pressure  is  the  point  of  appli- 
on  of  the  resultant  of  all  (he  pressures,  a  force 
lied  m  the  opposite  direction,  and  of  the  same 
nmt,  would  neutralize  these.  This  will  sug- 
;  a  practical  method  of  determinuig  centres  of 
3sure. 

OcnirifngaJ  Force.  That  by  which  a  body 
Jiving  about  a  centre  has  a  Undency  to  rc- 
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cede  from  it.  It  is  simply  the  force  opposite 
to  the  tension  of  the  string  or  the  attraction 
towards  the  centre.    See  Cuntral  Foncicg. 

Ccntripclnl  Force.  That  by  which  a  body 
revolving  about  a  centre  has  a  tendency  to  move 
towards  it.  Thus  the  tension  of  a  string  by 
which  the  revolving  bodj'  is  held,  or  the  attrac- 
tion resident  in  the  centre  and  drawing  the  re- 
volving bodj'  towards  it,  is  the  centripetal  force. 
See  Central  Forces. 

Ccnfrobaric.  A  word  not  much  used  now. 
It  is  intended  to  indicate  the  following  principle: 
Every  figure,  generated  by  the  motion  of  any 
line  or  surface,  is  equal  to  the  product  of  the 
generating  magnitude,  by  the  length  of  path  of 
the  centre  of  gravity  of  the  line  or  surface. 
This  is  merely  a  translation  of  the  maxim 
that  any  body  may  be  theoretically  considered 
to  have  its  mass  concentrated  in  a  heavy  point, 
at  its  centre  of  gravity.  In  that  case  the  figure 
generated  by  the  hody,  would  be  measured  by 
the  length  of  the  path  of  the  centre  of  gravity, 
multiplied  by  the  quantity  contained  in  the  body. 
In  the  original  case,  we  have  to  consider,  the 
different  points  of  the  body,  as  perhaps  taking 
different  paths.  The  centre  of  gi-avity  is  the 
point  round  which  these  diflferences  compensate 
one  another. 

By  aid  of  this  principle,  when  the  centre  of 
gravity  of  a  line  or  a  surface  is  given,  we  can 
determme  the  content  of  the  body  or  surface 
generated.  When — as  in  a  cylinder — the  centre 
of  gravity  is  readily  inferred  from  the  sym- 
metry, this  method  of  finding  the  content  is  very 
convenient. 

The  theorem  is  mathematically  demonstrated 
by  Guldiuus,  and  goes  by  his  name. 

Cerberus.  A  small  northern  constellation 
near  the  hand  of  Hercules.  It  contains  only  four 
stars. 

Ceres.  One  of  the  asteroids  discerned  first 
by  Fiazzi  at  Palermo,  on  January  1st,  1801. 
While  looking  for  one  of  the  stars  of  Lacaille's 
catalogue,  he  noticed  a  star  beside  the  one  he 
expected ;  and  by  next  night  this  had  changed 
its  place,  continuing  to  do  so  on  the  successive 
nights.  He  was  interrupted,  however,  by  sick- 
ness, and  when  he  recovered,  the  planet  had 
become  invisible  in  consequence  of  its  approach 
too  near  the  sun.  He  communicated  the  discovery, 
therefore,  and  a  number  of  observers  having  cal- 
culated the  approximate  orbit  of  the  planet  from 
his  few  observations,  watched  for  its  reappearance. 
De  Zach,  on  the  last  day  of  that  year,  and  Gi- 
bers, on  the  first  day  of  the  succeeding  year, 
re-discovered  the  planet.  It  had  been  supposed 
to  be  a  comet  at  the  first.  It  looks  like  a  star 
between  the  seventh  and  eighth  magnitudes,  and 
is  therefore  invisible  to  the  naked  eye.  Its  mag- 
nitude is  less  than  that  of  our  moon.  For  the 
elements,  &c.,  see  Asteroids. 

Ccins  (T/ie  Sea  Monster.)  A  constellation 
which  received  the  names  also  of  Pistrix  and 
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Orphus.  It  is  below  Pisces  and  Aries,  and  is 
usually  drawn  with  a  fish's  head,  two  paws  in 
front,  and  a  curled  fish's  tail.  Its  brightest  star 
is  called  Menkar  («,  Ceti),  and  is  of  the  second 
magnitude.    It  is  in  the  southern  hemisphere. 

Chains.  For  the  principles  of  the  equilibrium 
of  Chains  see  Arches. 

Ckaincleon.  A  southern  constellation  con- 
taining nine  stars.  It  is  situated  on  the  colure 
of  the  equinoxes  within  the  antarctic  polar  circle. 

Chances,  Doctrine  of.  A  most  important 
diAision  alike  of  speculative  and  practical  science. 
See  Probabilities. 

Changeii.    See  Permutations. 

Charge  (Electrical).    See  Battery. 

Charles's  Wain,  is  a  name  given  by  some 
of  the  older  astronomers  to  the  constellation 
Ursa  Major  (q.  v.)  It  Avas  formerly  called  in 
England  the  "brood  hen."  Both  the  Romans 
and  the  Arabs  called  this  constellation  a  warn 
or  waggon. 

Chart.    A  map  of  tbe  sea,  for  the  use  of 

navigators,  showuig  the  relative  positions  of  rocks, 
shoals,  harbours,  &c.    See  Projection. 

Chromatic.  A  series  of  sounds  each  one- 
half  of  a  note  distant  from  the  other,  is  said  to 
be  arranged  according  to  the  chromatic  gamut  or 
chromatic  scale.  The  name  chromatics  was  ap- 
plied by  the  ancients  to  that  species  of  their 
music  which  divided  each  note  into  three  lesser 
ones. 

Chronograph.    See  Chronometer. 

Chronology.  The  science  which  treats  of 
the  divisions  of  time,  arbitrary  or  otherwise. 
What  we  call  arbitrary  divisions,  are  such  as 
date  generally  from  some  remarkable  historical 
event.  "What  we  call  non-arbitrary  divisions 
are  such  as  commence  along  with  some  biarked 
phenomena  in  external  natiu-e.  In  fact,  the  one 
and  the  other  are  arbitrary ;  but  the  divisions  of 
time  into  years,  daj-s,  months,  &c.,  being  simul- 
taneous Avith  the  period  of  complete  evolution  of 
a  recurring  phenomenon,  are  not  of  an  arbitrary 
character.  For  the  chief  of  these  see  Bisskx- 
Tii.B,  Calendar,  Year,  Month,  Cycle,  &c. 
■where  the  chief  points  of  what  is  called  Mathe- 
matical Chronology  will  be  found.  With  his- 
torical chronology  this  work  has,  of  course, 
nothing  to  do.  'See  Griffin's  Cyclopmdia  of 
History.  See  especially  Ideler's  Mathematical 
and  Technical  Chronology. 

Chronometer :  Clock :  Chronograph. 
Instruments  for  the  accurate  measurement  of 
time.  They  bear,  to  our  command  over  this 
formal  condition  of  all  finite  existence,  the  same 
relation  as  the  telescope  bears  to  our  command  of 
its  other  formal  condition— s/;acc.  The  arrange- 
ments of  the  universe  offer,  as  our  most  accessible 
unit  of  time,  that  grand  and  invariable  apparent 
diurnal  revolution  of  the  heavens,— or,  the  sidereal 
day.  The  index  or  hand  of  a  just  chronometer 
should  make  one  exact  revolution  during  a  side- 
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that  revolution,  the  requisite  subdivisions  of  that 
day.  In  practice,  this  exact  conforniily  of  the 
revolution  of  the  index  with  the  duration  of  the 
sidereal  day  is  not  demanded;  it  is  enough  if  the 
amount  of  the  clock's  daily  retard  or  advance  be 
known — (the  clock's  rate) ;  and,  if  the  obsen-er 
may  feel  assured  that  his  instrument  will  not 
capriciously  changethatrate: — that  the  graduation 
of  the  dial-plate,  answer  to  the  required  subdivi- 
sion of  the  day,  is  of  course  an  absolute  necessity. 
It  will  conduce  to  distinctness,  if  we  arrange 
our  remarks  on  the  instruments  employed  for  the 
above  purpose  under  different  heads. 

(1.)    The  Clock,  commonly  so  called,  or  the 
Timepiece  with  Pendulum. — The  moving  power 
of  the  modern  clock,  as  is  well  kno-wn,  is  the 
weight:  a  cylinder  is  turned  slowly  round  by  the 
descent  of  a  weight;  and  this  slow  motion,  mul- 
tiplied, and  rendered  apparent  by  aid  of  hands  or 
indices,  marks  the  progress  of  that  descent.  But 
such  progress,  although  tolerably  unifonu,  is  quite 
inadequate  to  represent  the  flow  of  time  with  an 
absolute  uniformity ;  nor  was  effective  aid  ob- 
tained from  the  old  application  of  a  fly-wheel^ 
caused  to  alternate  like  the  balance-wheel  of  a 
Avatch,  by  an  obvious  but  rude  artifice.  The 
clock  with  weights  did  not  become  an  instrument 
of  Science,  until  Huj'ghens  proposed  to  apply,  as 
the  supreme  regulator  of  its  motion, — the  pendu- 
lum ;  whoselaws  had  long  before  been  discovered  by 
Galileo.  We  owe  to  the  great  Florentine  the  two 
propositions ; — that,  provided  the  arc  of  oscillation 
be  a  small  one,  pendulums  of  the  same  length  oscil- 
late in  the  same  invariable  period  of  time;  and 
that  the  periods  of  the  oscillation  of  pendulums  of 
different  lengths  are  as  Vie  square  roots  of  their 
lengths.    Presuming,  on  the  ground  of  these  in- 
contestable propositions,  that  the  artist  may 
obtain  a  pendulum  whose  oscillations  shall  mark, 
let  us  say,  exactly  one  second  of  time  ;  it  is  easy 
to  follow  the  application  of  the  fortunate  idea  of 
Huyghens.  Imaginesuch  a  pendulum  (not  repre- 
sented in  the  sketch)  suspended  from  the  pivot  d, 
to  which  is  also  attached,  by  a  short  arm,  the 
anchor  or  circular  arc  a  b  c.    This  anchor  will 
necessarily  oscillate,  or  move  slightly,  now  to 
one  side,  now  to  the  other,  synchronously  with 
the  pendulum.     (-S'ee  woodcut  on  ne.xt  page.) 
The  wheel  e — one  of  the  main  wheels  of  the 
clock — has  that  permanent  tendency  to  move 
round  which  is  imiirc-ssod  on  all  the  machinery 
by  the  weight.    When  the  pendulum  is  at  rest 
however,  the  wheel  cannot  move,  being  then 
caught  by  the  anchor ;  and  it  is  only  when  the 
anchor  is  moved  sideways  that  the  wheel  is  mo- 
mcntarilv  set  free.    During  each  oscillation  of 
the  pendulum  one  tooth  of  the  wheel  escapes,  so 
that  the  macliinerv  of  the  clock,  and  of  coui-se  its 
index,  makes  one  step  foncard,  or  one  beat,  during 
one  oscillation  of  the  pendulum,  or,  as  we  have 
supposed,  during  ojie  second  of  time.    The  me- 
chanical adjustment  of  the  wheel  and  anchor — 

cd 
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so  that  the  machinery  play  well ;  but,  whether 
it  play  easily  or  not,  the  simple  attachment  of 
the  pendulum  secures  that  the  clock  beat  seconds. 
Staiting  in  this  way,  with  provision  for  the  uni- 
form indication  of  the  smallest  element  of  time, 


Fig.  1. 

an  instrument  so  constructed  cannot  fail  in  repre- 
senting accurately  all  the  subdivisions  of  a  side- 
real day,  by  the  graduation  of  its  dial ;  and  the 
entire  revolution  of  its  index  will  correspond  with 
the  exact  sidereal  day,  provided  the  pendulum  be 
of  the  precise  length  of  a  second's  pendulum.  No 
artist  would  pretend  that  he  had  secured  a  pendu- 
lum of  this  necessary  length  by  the  first  act  of  con- 
struction; but  he  provides  means  for  slightly  length- 
ening or  shortening  that  part  of  the  instrument,  as 
the  practice  or  going  of  the  clock  may  show  that  it 
requires ;  and,  by  employing  these  means,  the 
observer  easily  and  speedily  can  bring  his  clock 
within  a  very  small  daily  rate  of  retard  or  ad- 
vance,—say  one  or  two-tenths  of  a  second.  One 
requisition  alone  remains— Is  the  observer  as- 
sured that  the  clock,  thus  completed,  will  keep  its 
rate,  or  that  he  may  trust  its  indications,  in  cir- 
cumstances which  prevent  his  examining  and 
determining  that  rate  aneio  ?  In  other  and  more 
direct  terms.  Is  the  observer  assured  that  the 
length  of  the  pendulum,  once  adjusted,  may  not 
be  liable  to  capricious  fluctuations?  Unfortu- 
nately, the  reverse  is  the  case.  All  bodies  expand 
tinder  the  influence  of  increasing  heat,  and  con- 
tract on  the  advent  of  cold ;  and  the  pendulum 
rod  13  not  an  exception.  On  every  change  of  sur- 
roundmg  temperature,  therefore,  tlie  clock  must 
alter  its  rate;  and,  as  the  quantity  of  that  change 
13  not  exactly  dcterminal)le  otherwise  than  by 
subsequent  observation,  tlie  clock  would  thus 
cease  to  be  a  pcrmanenlly  reliable  mcasui'er  of 
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time.   This  defect  might  well  have  seemed  fatal ; 
but  the  ingenuity  of  the  artist  has  overcome  it, 
by  an  invaluable  contrivance  termed  the  compen- 
sation pendulum.   The  remedial  artifice  first  sug- 
gested was  the  gridiron  pendu- 
lum-rod—  a  composite  rod  of 
different  metals,  of  different  but 
known  expansibilities.  The  sus- 
pension rod,   G,   it  will  be 
noticed,  is  attached — not  to  the 
ball,  L — but  to  the  cross  rod, 
E  E.    Should  G  expand,  the 
rod  E  E  is  of  course  canied 
doimwards.    Attached  to  e  e 
are  two  rods,  d  d,  whose  tops 
are  fixed  to  a  cross  rod  c  c, 
through  the  centre  of  which 
the  rod  g  passes  easily  and 
freely.    In  case  of  expansion 
of  the  rods,  d  d,  the  cross  bar, 
c  c,  is  carried  upwards.  Fixed 
to  c  c,  two  bars,  b  b,  stretch 
downwards,     passing  freely 
through  the  cross  rod,  e  e,  and 
carrying  a  thud  cross  rod,  A  a, 
to  which  L  is  attached.  These 
rods,  B  B,  evidently  expand 
doimwards.     The  position  of 
L,  with  regard  to  the  suspen- 
sion pomt  of  the  pendulum,  will 
in  such  a  case  be  evidently  af- 
fected, on  an  increase  of  tem- 
perature, by  three  expansions — 
two  carrying  it  downwards, 
viz.,  those  of  the  main  rod,  g, 
and  of  the  rods  b  and  b;  and 
one  cin-ying  it  upwards,  viz., 
that  of  the  rods  d  d.    I3ut  if         v-  o 
these  three  sets  of  rods — viz.,  ' 
G,  B  B,  and  D  D — can  be  made  of  such  metals,  that 
the  one  expansion  upwards  accurately  counteracts 
the  two  expansions  downwards,  the  length  of  tlie 
pendulum  will  evidently  not  be  affected,  nor  the 
duration  of  its  oscillations  altered,  by  any  variation 
of  temperature.    The  prmciple  of  compensation 
now  described  is  perfect ;  and  in  practice  it  was 
eminently  successful.    Nevertheless,  the  com- 
plexity of  the  gridiron  pendulum,  and  certain 
defects  inseparable  from  that  complexity,  have 
caused  it  give  way  before  another  arrange- 
ment, so  simple  that  it  may  be  understood  with- 
out the  aid  of  a  diagram.    Sujipose  that  instead 
of  the  weight  l,  the  rod  g  carries  a  cylindrical 
glass  vessel,  nearly  filled  with  mercury.  When 
the  rod  expands  downwards,  the  same  variation 
of  heat  will  cause  the  mercury  to  expand  up- 
wards, or  ascend  in  the  glass  vessel .  so  that  the 
practical  problem  simply  is,  to  give  such  dimen- 
sions to  the  cylinder,  and  to  place  within  it  such  a 
quantity  of  mercury,  that  this  upward  expansion 
exactly  compensate  or  counteract  the  dynamical 
eifects  of  the  lengthening  of  the  rod.    It  is  not 
too  much  to  say,  that  the  meiciuial  pendulum, 
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as  now  constructed,  leaves  nothing  to  be  desired; 
and  a  Clock  governed  by  it,  constructed  by  the 
best  makers,  may  be  received, — under  correction 
of  observations  repeated  as  often  as  convenient — 
as  a  reliable  and  absolute  measurer  of  Time 

(2.)  CiiKONOJiiiTEKS,  covimonhj  so  called ; 
portable  instruments ;  Watches. — The  action  of 
the  Clock,  as  above  described,  depending  on  the 
undisturbed  operation  of  gravity — alike  in  its 
moving  cause  the  Weight,  and  its  regulator  the 
Pendulum — it  is  clearly  requisite  that  the  repose 
of  the  instrument  be  not  disturbed.  To  do  jus- 
tice to  a  good  Clocic  indeed,  it  is  necessary  to 
suspend  it  on  a  stone  pillar,  sheltered  from  the 
vnnd,  but  unconnected  with  the  walls  of  any 
house,  and  not  subjected  to  tlieir  ti'emor.  But 
important  purposes,  alike  in  science  and  the  arts, 
demand  portable  chronometers,  faithful  recorders 
of  the  lapse  of  time — capable,  even  while  in  ac- 
tion, of  being  conveyed  from  place  to  place; — in- 
struments which  must  clearly  depend  on  other 
agencies,  alike  for  their  moving  cause  and  their 
regulation.  The  force  of  gravity  is  supplanted, 
in  such  chronometers,  by  the  equally  important 
and  accessible  mechanical  force  of  elasticity.  The 
moving  power,  or  substitute  for  the  Clock  weight, 
is  the  force  with  which  a  strong  spiral  spring, 
wound  up  around  an  axle,  uncoils  itself;  and, 
since  the  force  of  this  uncoiling  is  not  uniform, 
uniformity  of  motion  is  obtained  from  it  by  the 
tapering  or  pyramidal  shape  of  the  fusee — the 
name  given  to  the  wheel  it  turns.  And  simi- 
larly the  ofEce  of  the  pendulum  is  performed  by 
a  balance-wheel,  that  oscillates  regularly  and 
isochronously,  in  obedience  to  tlie  action  and  re- 
action of  a  spiral  steel  spring,  delicate  as  a  hair ; 
one  end  of  which  is  fastened  upon  its  arm.  The 
mechanism  now  described  may  be  understood  on 
a  glance  at  the  interior  of  a  common  watch.  It 
is  extremely  fragile,  in  comparison  with  the 
comparatively  solid  and  massive  structure  of  the 
Clock ;  but,  through  the  ingenuity  and  solicitude 
of  the  best  artists,  chronometers  •are  produced 
that  measure  time  with  astonishing  accuracy. 
The  rate  of  these  instruments  is  also  liable  to  de- 
rangement through  the  influence  of  varying  tem- 
perature; in  consequence  of  its  action  on  the 
balance-wheel.  For  instance,  if  A  b  a  b  be  an 
arm,  oscillating  in  obedience  to  any  force  what- 
ever, around  its  centre,  it  will,  thi-ough  cfi'cct  of  a 
well-known  princi|)le  of  rotatory  motion,  oscil- 
late slower  if  lengthened  by  expansion,  and  vice 
ver.sa ;  so  that,  in  the  Chronometer,  as  in  the 
Clock,  increase  of  temperature  ^vill  diminish  tlie 
rate.  Several  modes  of  compensation  have  been 
proposed,  but  tlie  following  diagram  illustrates 
the  principle  of  tliem  all.  Let  the  arcs,  b  c,  b  c,  on 
eacli  of  whicli  is  placed  a  weight  d,  form  the 
circumference  (an  interrupted  one)  of  the  balance- 
wheel.  Eacli  arc  is  composed  of  two  thin  slips 
of  different  metals,  lying  side  by  side,  the  outer 
slip  expanding  somewhat  more,  under  heat,  than 
the  inner  one.    When  expaosioa  takes  place 


then,  it  is  easy  to  see  that  the  arcs  b  c  must 
become  more  curved,  and  tiiat  the  weights  d  will 

be  drawn  thereby  nearer  the  centre  of  motion  

an  approximation,  on  the  part  of  tlie  circumfer- 
ence of  the  balance-wheel,  which  is  meant  accu- 


Fig.3. 

rately  to  compensate  the  recession  of  the  motion 
of  the  arm,  a  b,  through  its  bemg  lengthened. 
It  is  due  to  our  artists  to  state  that  the  expected 
effect  is  here  also  to  a  considerable  extent  real- 
ized :  but,  the  delicacy  of  the  mechanism,  should, 
if  rightly  estimated,  render  it  in  no  wise  wonder- 
ful that  comjKnsation  is  still  the  weak  and  fallible 
part  of  chronometers.  Besides,  the  subject  is  of 
importance  too  profound,  to  permit  that  the  inade- 
quacy of  prevalent  methods  be  disguised.  The 
emulation  excited  by  the  annual  trials,  and  the 
publication  of  their  results  by  the  Observatory  of 
Greenwich,  has  indeed  succeeded  in  producing 
very  large  ameliorations ;  and,  doubtless,  when 
the  highest  care  and  skill  are  expended  on  them, 
instruments  are  constructed  very  nearly  insensible 
to  variations  of  temperature.  But,  unhappily,  it 
is  quite  otherwise  with  the  timepieces  generally 
employed  in  our  merchant  service.  The  facts 
recently  brought  to  liglit  by  Mr.  Hartnup  of 
Liverpool,  surprise  no  one  at  all  conversant  with 
the  actual  state  of  these  instruments.  Five  per 
cent,  of  tlieni  may  very  safely  be  pronounced 
utterly  worthless  —  their  rates  varying  with 
changes  of  temperature,  so  irregularly,  that  no 
correction,  in  the  ordinary  sense  of  the  term,  can 
be  applied  to  them — the  variations  in  question 
having  no  apparent  law.  But,  even  excluding 
these,  it  is  tlie  rarest  thing  possible  to  meet  with 
an  approximately  good  compensation.  Generally 
spcaking,  for  a  cliangc  of  temperature,  from  40° 
to  60°,  the  mean  average  change  of  rate  is  seven 
seconds  a-dag :  so  that,  however  scrupulously  his 
chronometer  has  been  rated  in  harbour,  a  captain 
sailing  from  northern  to  southerly  latitudes 
would,  in  eighteen  days,  mistake  his  reckoning 
of  Greenwicli  time  by  nearly  two  minutes.  For- 
tunately, the  larger  number  of  tliese  instruments 
resume  their  old  rate  when  the  former  temiiera- 
ture  returns,  so  that  their  rate  of  variation  is 
comparativelj'  regular,  and  tlierefore  calc.ilable. 
Nevertlieless,  each  chronometer  has  its  own  spe- 
cial rate  of  variation.    It  is  incumbent,  thei-e- 


116 


CHR 

Sfore,  on  every  owner  or  master  of  a  sbip,  to  trust 
rniothing,  in  existing  circumstances,  to  a  mere  har- 
iiour  rale.  Before  leaving  port  tlie  clironometer 
dBhoiiId  be  tried  under  the  influence  of  different 
tgtemperatures,  and  the  fact  ascertained  whether  its 
nraie  of  variation  has  a  laio  or  nut  f  If  it  lias 
mot,  the  instrument  is  useless ;  if  it  has,  the 
smaster  ought  to  be  in  possession  o£  that  law,  or 
«lof  tables,  that  will  enable  him  to  correct  for  tem- 
pperature.  The  loss  of  ships  appears  insufficient 
trto  remove  the  supineness  of  the  merchant  service, 
idn  this  very  simple  but  very  important  matter;, 
isand  it  would  seem  the  duty  of  government  to 
CKonstrain  attention  to  it.  Nor  is  the  precaution 
8B0  necessary,  beyond  reach  of  any  of  our  large 
leeaports.  Public  observatories  are  now  less  iin- 
ecommon;  and  the  object  sought  for  might  always 
bfae  obtained  there.  A  mechanical  remedy  will 
Idoubtless  gradually  arrive,  through  still  more 
Wmproved  modes  of  compensation. 

(3.)  The  Chronograph.  An  astronomical 
CClock  beats  seconds.  But  between  one  second 
id  another  some  phenomenon  may  occur,  and 
flthe  observer  requires  to  determine  the  fraction  of 
lithe  second  at  which  it  did  occur.  Hitherto  he 
Urns  done  this  by  estimation.  But,  by  an  appli- 
Hcation  something  akin  to-  the  electric  telegraph,. 
I  a  method  is  promised  by  which  a  second  of  time 
amay  be  subdivided  mechanically  into  himdredth 
Hiarts,  with  almost  perfect  accuracy.  Suppose  a 
jtsylinder  turning  on  its  axis,  and  so  governed  in 
Jits  rotation  by  the  machinery  of  the  Clock,  that 
tit  will  roll  ofiF,  or  deliver,  say  an  inch  length  of  a 
felip  of  paper  in  one  second  of  time  ;  the  observer 
imay,  by  a  touch  of  his  finger,  cause  a  mark  to 
lAe  impressed  on  that  inch  of  paper  at  the  very 
wnoment  of  the  occurrence  of  the  phenomenon,  and 
kthe  position  of  that  mark  will  indicate  the  exact 
linstant  of  the  occurrence.  An  apparatus  of  this 
«eort  has  now  been  constructed  at  Greenwich, 
IMr.  Airy  has  given  a  very  detailed  account 
'of  it  in  one  of  his  recent  annual  reports.  It 
weems  complicated,  but  the  ingenuity  dis- 
ilplayed  throughout,  is  worthy  of  the  mechanical 
ligenius  of  the  Astronomer  Royal.  It  answers 
•perfectly,  and  will  inaugurate  a  new  era  in 
tobservation,  as  far  as  the  element  of  time  is 
■concerned. 

Chronoscope.  One  of  the  very  ingenious 
Uiscoveries  of  the  fertile  Mr.  Wlieatstone.  It  is 
ma  mstrument  founded  on  the  fact  that  luminous 
ilmpressions  on  the  eye  persist  for  a  certain  time, 
mi  endure  after  the  actual  sensation  is  gone;  and 
ijoy  which  the  discoverer,  desires  to  prove  the 
unslantaneousness  of  certain  luminous  phenome- 
■ia,_  such  as  the  electric  spark,  or  to  measure 
Mheir  duration,  however  brief  that  may  be.  One 
mode  suggested  by  Mr.  Wlieatstone  is  this  :— 
V.be  phenomenon  is  observed  by  reflexion  in  a 
wiUTor  to  which  a  rapid  motion  is  communicated— 
I  motion  of  such  a  nature,  that  supposing  the 
numinous  object  permanent,  its  image  would  ap- 
jeoear  to  describe  a  great  circle.  This  accomplished, 
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it  is  clear  that  if  the  phenomenon  be  instanfaneoui 
its  image  will  appear  as  a  mere  point  of  the  circle, 
and  will  have  no  shape.  If,  on  the  contrary, 
the  phenomenon  have  an  appreciahle  duration,  the 
image  of  it  will  stretch  out  and  form  an  arc  of 
the  circle,  gi'eater  or  less  in  proportion  to  that 
duration ;  and  the  size  of  the  arc  will  consti- 
tute a  measure  of  that  duration.  An  electric 
spark  viewed  in  this  way  shows  no  elongation, 
so  that  we  cannot  attach  to  it  any  duration. 
The  discontmuity  of  certain  flames  and  other 
luminous  streaks,  have,  in  this  same  way,  been 
rendered  manifest  to  the  eye.  See  Vision,  Light, 
Vblocity  of,  &c. 

Cinematics.  The  science  which  treats  of 
motions,  without  concerning  itself,  as  Mechanics 
do,  with  their  cause,  and  the  physical  ideas 
that  are  thus  introduced.  Suppose,  for  instance, 
that  a  given  body  moves  with  a  certain  rotatory 
and  a  certain  advancing  motion,  it  is  the  province 
of  cinematics  to  trace  out  the  complete  path 
which  every  individual  particle  of  the  body  will 
describe.  The  velocity  of  motion,  and  the  forces 
causing  it,  may  be  of  any  magnitude  whatever. 
Cinematics  treats  the  problem  quite  indepen- 
dently. Cinematics  forms,  properly,  an  intro- 
duction to  mechanics,  as  involving  the  mathe- 
matical principles  which  are  to  be  applied  to  its 
data  of  forces.  The  disrinction  is  very  useful, 
but  it  has  not,  until  recently,  been  clearly  brought 
forward.  M.  Laboulaye  (1849)  has  published 
the  first  treatise  on  the  subject. 
_  Circle.  A  curvilineal  figure,  whose  defini- 
tion is,  that  every  point  in  the  curve,  or,  as  the 
curve  is  termed  in  this  case,  in  the  circumference, 
is  at  the  same  distance  from  a  fixed  point  named 
the  centre.  The  properties  of  the  circle  are  well 
known,  and  are  investigated  in  every  treatise  on 
Geometry.  Speaking  more  generally,  a  circle 
is  a  curve  of  the  second  order,  belonging  to  the 
class  of  the  Conic  Sections. 

Circle,  A  stronomical  or  Spliericnl  A  mathe- 
matical circle  passuig  round  the  Heavens  or 
some  part  in  them.  If  the  circle  shall  bisect  the 
celestial  sphere,  it  is  called  a  Great  Circle  of  the 
Sphere :  such  are  the  Equator,  the  Ecliptic,  the 
Circles  of  Right  Ascension,  &c.,  &c.  If  it  does 
not  bisect  the  Sphere,  it  is  called  a  Small  Circle 
of  the  Sphere  :  such  are  all  Circles  of  Declina- 
tion (excluding  the  Equator),  the  Arctic  and 
Antarctic  Circles,  &c.,  &c.  The  relations  of  three 
intersecting  Great  Circles  of  the  Sphere  consti- 
tute the  subject  of  Spherical  Trigonometry. 
_  Circle,  in  JnstrumentulorPracticnl Astronomy, 
signifies  a  Circular  Instrument  employed  in  the 
measurement  of  Angles:  beyond  question  the 
instrument  on  the  construction  of  which  Mecha- 
nical Art  has  lavished  its  choicest  eflbrts.  We 
shall  purposely  describe  this  most  important 
Element  in  an  Observatory  at  considerable  length ; 
giving  our  reader  notice  that  the  principles  now- 
explained  shall  be  accounted  as  understood  by 
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belonging  either  partially  or  mainly  to  the  Cir- 
cular Class.  It  were  useless  to  occupy  time  in 
explaining  how  the  angle  between  distant  ob- 
jects may  be  measured  by  help  of  gi-aduated  cir- 
cular arcs ;  neither  shall  we  refer  to  the  time 
when  sights,  and  not  telescopes,  were  the  guide 
of  the  observer,  in  his  endeavours  to  fix  the  di- 
rection of  any  celestial  or  remote  body.  Previous 
to  the  application  of  those  optical  powers,  by  whose 
aid  we  now  magnify  spaces  either  distant  or  near, 
the  observer  could  make  no  exact  determination  un- 
less by  aid  of  an  apparatus  of  large  size,  and  pro- 
portionally unmanageable.  Doubtless,  the  illus- 
trious Tycho,  who  has  left  us  the  pictiu-e  of  liis 
great  Quadrant,  occupying  the  side  of  a  house, 
would  have  rejected  it  as  a  fable,  that  posterity, 
by  use  of  a  circle,  easily  carried  in  a  boy's  hand, 
would  be  able  to  detect  far  smaller  angular  quan- 
tities than  were  perceptible  to  the  whole  appara- 
tus of  Uraniburg !  Even  after  the  application  of 
the  Telescope,  angles  continued  to  be  measured 
by  the  Astronomer  as  well  as  the  ordinary  Sur- 
veyor, by  Quadrants ;  a  class  of  instruments  of 
which  we  give  a  rude  representation  in  the  mar- 
gin.   The  mode  of  applying  a  quadrant  of  this 
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sort  will  be  sufliciently  obvious  on  cursory  inspec- 
tion of  the  diagram.  It  is  of  more  importance 
that  the  reader  apprehend  why  the  use  of  the 
mere  quadrant  was  abandoned,  and  recoui-se  had 
to  entire  circles  gi'aduated  all  round  their  rim.  It 
is  abundantly  clear  that,  however  accurate  and 
fine  the  graduation  of  the  arc  of  tlie  quadrant, 
the  action  of  the  instrument  could  not  be  de- 
pended on,  unless  its  entire  structure  and  working 
involved  no  serious  error.  But  who  could  answer 
for  the  perfect  cylindricity  of  the  pivot  on  which 
the  Telescope  turns,  or  who  could  answer  for  the 

1 


CIR 

perfect  circularity  of  the  limb  A  B  ?  No  perfec- 
tion of  mere  mechanical  work  could  secure  eitlier 
of  these  requisites ;  so  that  the  artkt  aimed, 
through  a  change  of  form  of  the  apparatus,  to 
insure  that  such  error — apparently  unavoidable — 
should  be  compensated  for.  And  he  accomplished 
this,  by  continuing  the  quadrant  both  ways,  and 
converting  the  apparatus  into  a  circle.  The 
reader  will  now  permit  his  thoughts  to  rest  on 
such  an  instrument  as  below 


Fig.  2. 

Imagine,  for  sake  of  distinctness,  that  the  di- 
vision of  the  instrument  can  be  read  at  the  two 
•ends  of  the  Telescope,  which  may  be  supposed 
moveable  around  its  pivot.    If  the  pivot  be  not 
a  perfect  C3dinder,  or  if  there  exist  an  error  of 
eccentricity,  its  effect  will  be  to  jolt  the  telescope 
as  it  moves,  from  the  centre  of  the  circle.  But 
it  is  plain  that  as  the  jolt,  in  whatever  direction, 
will  just  bring  one  end  of  the  telescope  as  much 
nearer  the  line  of  division  as  it  removes  the  other 
from  it,  the  average  or  mean  of  the  two  opposite 
readings  will,  in  effect,  correspond  with  the  one 
reading,  as  it  should  be,  viere  eccentricity  null. 
Nor  does  it  require  that  tliese  readings  be  made 
at  the  ends  of  the  telescope ;  they  simply  require 
to  be  made  at  the  two  ends  of  a  diameter.  In 
circles  of  this  sort,  the  telescope  is  not  detached, 
but  clamped  to  the  instrument    The  instrument 
turns  round  en  masse,  and  the  reading  is  effected 
by  fixed  microscopes,  one  of  wliich  is  represented 
attached  to  the  stone  pillar.    Two  such  micros- 
copes then,  correct  for  eccentricity.    And  sup- 
posing the  divided  line  not  quite  circular,  the 
other  great  source  of  error  above  sjjecified ;  sup- 
posing it  elliptical  more  or  less, — the  reader  will 
discern  without  difficulty,  if  he  talccs  the  trouble 
to  draw  an  ellipse,  and  su2)pose  its  cu'cuuifei'enco 
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leqiially  subdivided,  that  a  reading  by  four  op- 
fp<isi/e  microscnjyes  must  correct  for  error  arising 
iiin  any  sliglit  and  unavoidable  ellipticity.  It 
hhas  been  the  favourite  plan  of  some  artists  to 
ladapt  four,  eight;  and  three,  six  reading  points 
Oto  their  circles.  The  ground  of  all  compensation, 
hliowever,  is  explained  above.  Ramsden  was  the 
fifirst  practically  to  comprehend  the  value  of  cir- 
ccnlar  instruments,  and  two  of  his  chief  ones, 
pplaced  at  Palermo  and  Dublin,  leave  but  little  to 
bbe  desired.  Important  modifications  have  been 
eeffected  since  his  time,  as  wiU  be  seen  below. — 
^What  we  have  further  to  say  will  be  done  best, 
itif  we  separate  these  instruments  into  classes. 

(1.)  The  Mural  Circle.— Thp,  Mural  Cu-cle,  the 
fifavourite  achievement  of  the  late  Troughton,  is 
nrepresented  in  its  leading  features  in  the  woodcut 
iiimmediately  preceding.  The  Telescope  and  Cir- 
ccle  are  closely  attached,  and  they  move  round  to- 
ggether  on  an  axis  sunk  deep  into  the  solid  wall 
oon  whose  face  they  lie.  The  division  of  the  circle 
ids  on  the  side  or  edge  of  the  limb  of  the 
Bcircle  and  not  on  its  face ;  so  that  the 
■mode  of  reading  is  as  the  annexed  wood- 
ccut  shows.    Troughton's  mural  circles 
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to  determine  the  declinations  or  zenith  distances 
of  stars.  It  cannot,  with  requisite  accuracy,  give 
their  right  ascensions;  on  which  account  it  is 
rapidly  giving  way,  after  having  done  much  ex- 
cellent work,  to  that  other  structui'e  which  we 
shall  next  briefly  describe. 

(2.)  Tke  Transit  Circle. — Until  quite  recently, 
it  was  necessary  to  the  right  use  of  a  Transit 
Instrument  (q.v.),  that  it  be  reversible ;  in  other 
words,  that  the  east  end  of  its  axis  be  turned  to 
the  west,  and  vice  versa ;  and  it  is  stiU  of  im- 
portance that  such  reversal  be  easily  accom- 
plished. Kamsdeu's  circles  were  reversible,  turn- 
ing round  on  two  pivots  in  the  zenith  and  nadir; 
instead  of  being  fixed  to  a  wall  like  Trough- 
ton's  ;  nevertheless,  what  they  gained  by  their 
adaptibility  to  the  office  of  Transit  Instruments, 
they  lost  through  the  absence  of  permanent  fixture 
in  the  Meridian.  The  desideratum  was  supplied  by 
Eeichenbach  of  Munich.  The  instruments  con- 
structed by  him  are  as  fitted  to  give  correct  iransilS 


Fig.  a. 

are  usually  from  five  to  six  feet  in 
p  diameter.  The  one  in  the  obsei-vatory 
teat  Cambridge  exceeds  these  dimensions. 
.  They  are  meant  to  be  so  placed  that 
•  I  their  face,  and  the  Telescope  attached 
■  to  It,  sweep  the  meridian  line.  Their 
^hmb  is  divided  usually  to  every  five 
fcininutes  of  space;  subdivision  into 
(•seconds  and  tentlis  of  seconds  of  space 
m  effected  by  the  Risadino  Micro- 
•cscoPE  (7.1,.)  The  mural  circle  is  ne- 
scessanly  of  great  weight;  but  to  prc- 
mrent  that  weight  from  bearing  too  hard  on  the 
-pivot,  a  system  of  counter-balances  was  put  in 
Jplaj  whose  nature  will  appear  more  dislinctly 
Bin  the  cuts_  given  of  the  Transit  Circle.  This 
Bimportant  instrument  has  only  one  function,  viz 
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or  rigJit  ascensions,  as  declinations ;  and  the  form 
ho  adopted,  improved  at  Munich  by  his  successors 
Ertcl  &  Son,  and  by  Rcpshold  of  Hamburgh,  is 
rapidly  becoming  the  normal  one.  The  reader 
will  readily  luulerstand  the  construction  of  the 
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Transit  Circle  on  examining  the  two  subjoined 
representations  of  the  one  placed  by  Ertel  &  Son 
in  the  Observatory  of  Glasgow.  The  first  view 
of  this  instrument  is  a  front  one ; — showing  the 
telescope  (see  previous  page)  with  all  the 
attributes  of  a  Transit  Instrument,  placed  on 
two  massive  piers.  When  needful,  this  great 
telescope  can  be  reversed  with  little  trouble  by 
aid  of  a  subsidiarj'  apparatus,  represented  in  the 
cut,  under  article  Collimators.  By  the  Col- 
limators, there  described,  the  error  of  the  tele- 
scope's collimation,  as  well  as  its  steadfastness 
in  the  meridian,  can  at  all  times  be  directly  de- 
termined. Attached  firmly  to  the  ends  of  the  axis 
of  the  transit  telescope,  are  two  perfectly  similai* 
circles  of  three  French  feet  in  diameter.  One  of 
these  is  meant  to  read  minutes  of  space  by  aid  of 
a  vernier ;  its  divisions  are  in  silver,  and  to  its 
rim  the  clamp  is  attached.  The  other  circle  is 
perfectly  free ;  it  is  divided  on  a  thin  line  of  gold 
embedded  within  the  metal  of  the  rim,  to  tivo 
seconds  of  space,  and  to  this  line,  four  reading 
microscopes,  capable  of  reaching  tenths  of  seconds, 
are  applied.  The  great  mechanical  fault  of  the 
construction,  as  now  explained,  is  the  place  to 


Fig.  6. 

which  the  clamp  is  applied.  The  writer  of  the 
present  notice,  can  very  sensitively  avei*  that  the 
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clamp  of  a  heavy  instrument  ought  never  to  be 
applied  to  the  circumference  of  a  comparatively 
slight  circle.  One  characteristic  of  these  foreign 
instruments  is,  the  mode  of  fixing  the  reading 
microscopes.  In  the  mural  circle  these  were 
attached  to  the  wall ;  not  so  with  Eeichenbach, 
Ertel,  or  Kepshold.  The  foregoing  side  picture 
of  the  Glasgow  Transit  Circle  may  render  the 
construction  sufficiently  plain.  The  view  pre- 
sented is  that  of  the  side  of  the  Transit  Circle 
on  which  the  fine  divisions  lie.  The  inspection 
of  these,  and  of  their  subdivisions,  is  accom- 
plished by  four  microscopes  fixed  in  the  circum- 
ference of  a  smaller  circle,  represented  in  the  cut, 
and  named  the  A  lidade.  The  axis  of  the  transit 
telescope  passes  through  the  axis  of  the  alidade ; 
in  fact,  the  latter  coincides  with  the  fonner.  It 
may  seem  that  instability  is  thus  necessarily 
communicated  to  the  positions  of  the  reading 
microscopes,  which  assuredly  ought  to  be  abso- 
lutely fixed.  The  alidade,  of  course,  does  not 
turn  with  the  telescope  and  its  attached  circles : 
although  its  fixity  may  be  disturbed  by  effect  of 
the  eccentricity  of  the  axis  of  the  telescope 
which  is  revolving  within  it  Two  effects  may 
be  impressed  on  the  alidade  by  this  eccentricity. 
It  may,  notwithstanding  its  clamp,  be  turned 
slightly  round,  or  it  may  be  subjected  to  a  mere 
jolting  motion,  up  and  down  or  sidewaj's.  The 
latter  is  of  course  corrected  by  the  readings  of  the 
opposite  microscopes ;  and  the  former  is  corrected 
for,  in  every  individual  observation,  by  observa- 
tion of  a  level  attached  to  the  alidade,  which  in- 
dicates and  measures  the  minutest  amount  of 
displacement  in  rotation.  The  peculiarity  of  this 
apparently  unstable  mode  of  fixing  the  reading 
microscopes  is  this : — They  cannot  change  their 
place  without  leaving  a  record  of  that  change  on 
the  level.  We  deem  it  preferable  to  their  estab- 
lishment on  stone  pillars,  for  the  same  reasons  that 
in  the  Barometer,  a  scale  with  known,  although 
sensible  rate  of  variation,  is  accounted  better 
than  one  whose  rate  of  variation  is  not  knomi, 
and  is  definite  although  inconsiderable.  There  is 
no  defect  in  the  theory  of  these  continental  instru- 
ments. Tliey  are  quite  efl'ective  to  fulfil  their 
promise  of  enabling  one  observer  to  take  at  once 
the  two  co-ordinates  of  a  star.  The  points 
in  which  they  seem  to  fail— if  any  failure  may 
justly  be  attached  to  tliem — is  stability.  The 
reproach  of  comparative  fragility,  or  instability, 
has  been  frequently  urged  against  continental 
workshops,  as  to  all  optical  instruments.  Jt  is 
pleasant,  therefore,  to  liave  to  record,  that  the 
task  of  re-constructing  a  transit  circle,  has  been 
not  only  undertaken  but  accomplished  by  the 
present  eminent  Astronomer- Royal,  Mr.  Airy. 
In  complement  of  his  unparalleled  ser\n'ce3  to 
our  great  National  Observatorj',  he  has  achieved 
the  erection  of  a  Transit  Circle,  consolidating 
tiie  best  conceptions  of  Reichenbach,  Ertel,  and 
Kepshold;  and  superadding  a  degree  of  firmness 
neither  contemplated  nor  attained  by  these 
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linent  Artists.    Mr.  Airy's  original  coticep- 
;i  (urged  by  his  peculiar  dynamical  genius) 
IS  this : — To  demand  from  Engineers,  on  behalf 
.  Astronomical  Instruments,  that  assurance  of 
lability  as  well  as  accuracy,  which  thej'  so  readily 
iiply  elsewhere.    The  Astronomer- Royal  must 
ceed.    His  new  Transit  Circle  has  very  ob- 
us  advantages.    The  circles  are  closer  to  the 
litre  of  the  Telescope;  and  there  is  no  such 
iiing  as  clamping  at  any  circumference. 
The  foregoing  brief  accovmt  of  Circular  Instni- 
nts  has  left  much  unexplained.    The  reader 
aist  apply  to  larger  treatises.    But  one  point 
equires  notice  here.    To  read  graduation  aright 
he  zero  or  beginning  point  of  the  order  of  degi'ees, 
11  list  be  fixed.    The  points  usually  endeavoured 
o  be  fixed,  are  the  horizontal  or  the  zenith  points. 
The  horizontal  point  is  determinable  in  two  ways. 
"iVs< ;  suppose  a  star  is  observed  first  directly, 
nd  secondly,  by  its  image  reflected  in  a  basin  of 
nercury ;  the  line  between,  must  be  the  horizon- 
al  line ; — a  mode  of  determining  the  line  or 
loint  very  common,  if  not  universal,  in  good 
)bservatories  until  recently.    Secondly;  take- a 
orizontal  Collimator^  or  a  telescope  whose  hori- 
lontality  can  be  assured  by  a  level,  and  placed  as 
0  the  main  telescope  in  the  position  of  the  sub- 
idiary  instruments  in  cut  under  article  Colli- 
lATOE.    The  horizontal  point  may  be  deter- 
mined thus,  with  all 
accuracy  attributable 
to  the  level.    But  a 
more  accurate  pro- 
cess has  superseded 
these  ;  the  process  of 
observing  the  nadir 
point,  or  the  point  of 
180°.  As  in  the  sub- 
joined woodcut,  the 
telescope  is  so  placed 
over  a  trough  of  mer- 
cury, that  by  aid  of 
a  peculiar  eye-piece, 
the  observer  can  dis- 
cern   at    once  the 
threads  of  the  eye- 
oiece  directly,  and  the  reflection  or  image  thrown 
^ack  from  the  mercurial  level.    When  these 
Veoincide,  below  tlie  ej'e,  with  the  actual  system 
if  spider's  threads,  the  Telescope  must  point  to 
he  Nadir. 

(3.)  Circle  Repeating.— It  was  at  one  time 
sonsidered  necessary  that  to  obviate  errors  of 
VMision,  every  angle  should  be  measured  on  dif- 
pferent  parts  of  the  divided  circle  ;  and  mechanical 
jweans  were  provided  for  effecting  this.  Circles 
[if  this  sort  were  named  Eepeatin/j  Circles ;  but 
^hey  are  now  in  comparative  disuse. 

(4.)  Circle   Reflecting— A.  very  important 
sautical  Instrument.    See  Sextant. 
^  (5.)  There  are  innumerable  other  forms  of 
circular  Instruments— Creai!  Circleg,  Universal 
UmKruments,  Prism  Circles,  &c,,  &c.,  but  the 
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prinf  iples  on  which  these  may  all  be  judged,  have 
either  been  explained  or  referred  to ;  and  we  can 
attempt  nothing  more  in  this  Dictionary. 

See  Division,  Transit  iNSTRUMiiNT,  Read- 
ing SIicaoscoPE,  Sextant,  Vkknier,  &c. 

Circular  Mngnelic  Polnrizalion.  In 
the  3'ear  1845,  Faraday'  published  his  great  dis- 
covery of  the  action  of  magnetism  upon  liglit, 
and  opened  up  an  entirely  new  and  interesting 
branch  of  physical  science.  His  fundamental 
experiment  is  as  follows: — A  ray  of  light  is 
plane  polarized,  say  by  reflection  from  a  surface 
of  glass.  The  state  of  the  ray  during  the  vari- 
ous conditions  of  the  experiment  is  tested  by  a 
Nicol's  prism.  In  the  course  of  the  polarized 
ray  is  placed  a  bar  of  heavy  glass,  or  silico-borate 
of  lead,  which  is  one  of  the  best  substances  for 
exhibiting  the  phenomena.  The  Nicol's  prism 
shows,  that  the  state  of  the  light  is  not  essentially 
aff"ected  by  the  transmission  through  the  heavy 
glass.  The  ray  is  still  polarized,  and  in  the 
same  plane  as  formerly.  But  a  very  different 
result  is  obtained  in  these  circumstances,  by  the 
mere  introduction  of  powerful  magnetic  forces. 
In  the  neighbourhood  of  the  bar  of  glass,  two 
powerful  opposite  electro-magnetic  poles  are 
placed  near  each  other,  and  in  such  a  position 
that  the  direction  of  the  ray  through  the  glass  is 
very  near  the  poles,  and  parallel  to  the  straight 
line  which  joins  them.  Supposing  now  that  the 
light  passes  through  the  bar  of  glass,  and  that 
the  poles  ai-e  not  yet  magnetized  by  the  electric 
cuiTcnt.  Let  the  Nicol's  prism  be  placed  in  the 
position  of  complete  extinction,  so  that  none  of 
the  light  is  transmitted  through  it.  If,  in  these 
circumstances,  the  force  of  the  electro-magnet  be 
developed  by  the  passage  of  a  current  through 
its  coils,  the  light  immediately  reappears  through 
the  prism,  and  this  continues  as  long  as  the 
magnetic  an-angement  is  sustained,  and  no  longer. 
When  the  light  has  reappeared  under  the  action 
of  the  magnet,  it  can  be  made  to  disappear  by 
turning  the  Nicol's  prism  through  a  certain 
angle.  The  polarized  light  is  essendally  affected, 
therefore,  by  transmission  through  the  diamag- 
neiic ;  and  the  affection  is  found  to  be  identical 
with  that  which  we  have  described  in  Cihcular 
PoLARizATio.v,  as  produccd  under  veiy  different 
conditions.  The  light  is  still  plane  polarized,  but 
the  plane  of  polarization  has  deviated  through  a 
certain  angle  imder  the  magnetic  action.  We 
may  now  give  a  brief  statement  of  the  Imown 
laws  of  this  action  of  magnetism  upon  light. 

We  maj',  in  the  meantime,  regard  the  silicated 
borate  of  lead  as  the  transparent  medium  that 
manifests  the  action.  In  the  fundamental  expe- 
riment, as  already  described,  the  force  employed 
was  the  electro-magnetic,  so  that  the  proper  force 
of  the  electric  current  was  modilicd.  When  the 
iron  cores  were  witlidrawn,  the  action  of  the 
current  was  still  sensible,  but  very  feeble,  show- 
ing that  the  introduction  of  the  magnetic  body 
increases  the  intensity  of  the  current's  action 
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upon  the  ray,  though  it  does  not  originate  the 
action.    Powerful  effects  are  obtained  by  the 
employment  of  long  helices  without  magnets,  the 
transparent  body  being  placed  within  the  helix, 
and  the  ray  being  transmitted  in  a  direction 
parallel  to  the  axis.    With  regard  to  the  direc- 
tion of  deviation  of  the  plane  of  polarization,  it 
is  connected  with  the  arrangement  of  the  electric 
or  magnetic  forces,  by  a  very  simple  law.    If  the 
ray  is  affected  by  the  simple  action  of  an  electro- 
helix,  within  which  the  bar  of  heavy  glass  is 
placed,  the  ray  rotates  in  the  direction  of  the 
current.    The  action  of  the  current,  is  to  draw 
the. plane  of  polarization  with  it,  round  the  ray. 
If  the  action  of  the  light  be  due  to  opposite  elec- 
tro-magnetic poles,  we  have  only  to  conceive  that 
the  heavy  glass  is  a  magnetic  body.  According 
to  Ampere's  theory  of  magnetization,  the  surface 
of  the  heavy  glass  would  be  traversed,  on  this 
supposition,  by  electric  currents  in  planes  perpen- 
dicular to  the  lines  of  magnetic  force.    A  plane 
polarized  ray,  transmitted  through  the  glass 
within  this  imaginary  helix,  will  rotate,  as  in  the 
former  case,  in  the  direction  of  the  cun-ent.  If 
the  electro-magnetic  poles  be  reversed,  the  direc- 
tion of  rotation  of  the  ray  will  therefore  be 
reversed.  It  was  stated,  in  the  description  of  the 
fundamental  experiment,  that  the  direction  of 
the  ray  through  the  glass  was  parallel  to  the  line 
joining  the  poles.    This  condition  is  not  abso- 
lutely necessary,  but  it  is  most  favourable  to  the 
manifestation  of  the  desired  effect.  Understand- 
ing by  lines  of  magnetic  force,  those  lines  which 
are  usually  called  magnetic  curves,  and  which 
are  represented  in  experiment  by  the  an-ange- 
ment  of  iron  filings  in  the  field  of  force,  we  ob- 
serve generally  that  the  rotation  of  a  polarized 
ray,  luider  magnetic  action,  depends  essentially 
on  the  inclination  of  the  ray  to  the  lines  of  force 
in  the  transparent  medium.    If  the  vaj  is  paral- 
lel to  the  lines  of  force,  the  effect  is  a  maximum. 
As  the  ray  deviates  from  this  direction  the  effect 
diminishes,  until  the  ray  is  perpendicular  to  the 
lines  of  force,  when  there  is  no  result.  The 
peculiar  action  that  is  now  under  consideration 
has  been  manifested  by  every  transparent  medium 
examined,  except  the  gases  and  the  most  of  the 
crj'stals.    Faraday's  heavy  glass  appears  to  be 
the  best  medium  yet  discovered.    Pure  silicates 
of  lead  have  been  found,  indeed,  which  are  twice 
as  powerful,  but  they  have  the  disadvantage  of 
tarnishing  rapidly  in  air.   Every  liquid  that  has 
been  tried  manifests  the  action  to  some  extent. 
Among  crystals,  fluor  spar,  rock  salt,  and  roclc 
crystal,  appear  to  exert  a  feebly  sensible  action, 
but  the  crystals  as  a  class  give  no  result.  Many 
of  these  transparent  media  possess  a  natural  rota- 
tory power.    In  the  case  of  such  bodies,  the 
magnetic  is  found  to  interfere  with  the  atomic 
action,  only  in  tlie  way  of  simple  super-position 
of  effects,  increasing  the  ultimate  rotation  of  the 
ray  when  the  direction  of  the  cunent  is  favour- 
able, and  diminishing  it  in  the  same  degree  when 
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the  direction  is  adverse.  The  amount  of  rotation 
of  the  ray,  depends  upon  several  elements.  It 
depends,  as  we  have  seen,  upon  the  nature  of  the 
transparent  dianiagnetic  medium  employed;  it 
depends  also  on  the  quantity  of  the  medium  em- 
ployed, or  rather  upon  the  ray-length  in  the 
medium,  varying  directly  as  this  length,  if  other 
tilings  are  equal ;  it  depends  also  upon  the  inten- 
sity of  the  electro-magnetic  force,  varj-ing  ap- 
proximately, according  to  Faraday's  statement, 
in  the  direct  ratio  of  the  intensity  of  the  current. 
We  learn,  from  the  experiments  of  Bertin,  that 
the  amount  of  rotation  of  the  raj'  is  connected  bv 
a  veiy  simple  law  with  the  distance  of  the  dia- 
niagnetic from  the  magnetic  poles.    When  only 
one  magnetic  pole  is  employed  as  the  circularly 
polarizing  agent,  the  angle  of  rotation  of  the  ray 
appears  to  decrease  in  geometrical  progression,  if 
the  distance  of  the  diamagnetic  from  the  pole 
increases  in  arithmetical  progression.  When  two 
helices  are  employed  with  opposite  poles  adjacent, 
their  actions,  estimated  by  the  aljove  law,  are 
simply  superposed.    Two  magnetic  poles  could 
not  be  expected  to  act  in  this  way  of  mere  super- 
position of  separate  effects,  because  of  their  power- 
ful inductive  action  upon  each  other.  The 
magnetic  rotatory  power  appears,  as  already 
stated,  to  be  a  specific  property  of  bodies.    It  is 
worthy  of  notice  that  this  power  depends,  not 
only  on  the  chemical  and  physical  nature  of  the 
body  itself,  but  upon  the  variable  circumstances 
of  pressure  and  temperature.    Matteucci  made 
the  interesting  discovery  that  a  diamagnetic, 
submitted  to  pressure  in  a  direction  perpendicular 
to  the  ray,  has  its  rotatory  power  modified,  and 
this  to  such  an  extent — for  example  in  crown 
glass — that  the  rotation  of  the  ray  under  magnetic 
action  may  be  entirely  prevented.  He  discovered 
also,  in  heavy  glass  and  flint  glass,  an  increase 
of  rotatory  power  by  an  elevation  of  temperature. 
With  the  same  electro-magnetic  forces,  he  found 
his  specimen  of  heavy  glass  twice  as  poweiful  at 
the  temperature  of  boiling  oil  as  at  common  tem- 
peratures. Such  are  some  of  the  more  important 
facts  which  have  been  discovered  in  regard  to  the 
relations  of  magnetism  and  light.  We  shall  only 
notice,  in  conclusion,  an  essential  distinction  be- 
tween the  Atomic  and  the  Magnetic  circularly 
polarizing  actions — a  distinction  that  may  have 
occurred  to  the  reader  already.     The  former 
action  does  not  depend  upon  the  direction  of  the 
ray  through  the  medium;  it  affects  the  ray  with 
the  same  screw-motion,  and  to  the  same  extent, 
for  all  directions,  if  the  ray- length  in  the  medium 
be  constant.    The  latter  action  aftects  the  ray 
most  powerfully  when  passing  through  the 
medium  in  a  particular  direction,  and  not  at  all 
when  in  a  perpendicular  direction ;  and,  for  op- 
posite directions  of  the  ray,  it  does  not  aflect  the 
ray  with  the  same  screw-motion,  but  with  tlie 
same  absolute  rotation.    Hence,  for  example,  if 
a  ray  be  transmitted  through  a  circularly  polar- 
izing medium,  and  be  retransmitted  by  reUection 
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t  the  posterior  siii-face,  it  will  emerge  in  its 
iginal  state,  or  with  a  double  deviation,  accord- 
as  the  circularly  polarizing  action  is  Atomic 
r  Magnetic.  On  the  theory  of  the  Magnetic 
ISotatory  Action  little  can  be  said.  It  is  next 
0  certain  that  the  action  is  due  to  a  peculiar 
'angement  of  the  molecules  of  the  diamagnetic, 
rat  the  nature  of  this  arrangement  is  quite  un- 
own.  Faraday  has  suggested  a  state  of  ten- 
,0D,  or  a  tendency  to  currents,  in  the  diamag- 
letic,  as  the  proximate  cause  of  the  phenomena. 
!?he  history  of  a  great  discovery  must  be  inter- 
iting  in  all  cases,  but  more  especially  so,  if  the 
BBsearches  which  led  to  it  were  founded  upon  a 
eeally  philosophical  and  judicious  expectation. 

this  view  Faraday's  discovery  claims  double 
ddmiration.  He  informs  us  that  lie  had  long 
eeen  persuaded,  in  common  with  many  other 
hMlosophers,  that  the  various  forms  under  which 
khe  forces  of  matter  are  made  manifest  have  a 
Hbrnmon  origin,  and  are  in  a  manner  convertible 
ittito  each  other.  This  persuasion  extended  to  the 
•owers  of  light,  and  led  to  many  laborious  but 
[effectual  researches,  having  for  their  object  the 
Siiscovery  of  the  relations  between  electricity  and 
Ight.  Some  of  these  investigations  appear  in 
Uie  Philosophical  Transactions  as  early  as  1834. 
[The  fruitlessness  of  these  researches  could  not  re- 
move the  well-grounded  persuasion  referred  to. 
He  therefore  resumed  the  inquiry  "in  a  most 
btrict  and  searching  manner,"  and,  after  many 
waeffectual  trials,  succeeded  at  last,  as  we  have 
ween.  "We  may  hope,  after  this,  that  the  general 
Konviction  upon  which  he  rested,  in  regard  to  the 
Woseness  of  connection  among  the  various  natural 
tforces,  may  yet  lead  philosophers  to  make  similar 
JBxertions  in  other  directions,  and  with  similar  or 
iBven  greater  results. 

Circular  IVuinbcrs.  In  arithmetic,  numbers, 
iWl  whose  powers  end  in  the  same  figure  as  they 
bthemselves  do.    Thus,  any  number  ending  in  0, 
L,  5,  6,  is  a  circular  number. 

Circular  Polarization  of  liight.  This 
!  is  a  subject  that  is  full  of  interest,  both  to  the 
TCxperimcntal  and  the  theoretical  student  of  phy- 
iKsical  science.  The  facts  connected  with  it  con- 
;;3titute  an  important  part  of  our  present  knowledge 
lin  optics;  and  the  theory  of  these  facts,  which  is 
Vdue  to  the  genius  of  Fresnel,  is  one  of  the  finest 
toxamples  of  a  clear,  simple,  and  complete  expla- 
nation of  a  varied  and  complex  class  of  physical 
iphenomena.  The  very  difficulties  that  encom- 
i^ass  the  subject,  in  the  present  state  of  science, 
[fgive  an  additional  interest  to  it :  we  refer  espe- 
icially  to  the  difficulties  connected  with  the^ro- 
J^ttclion  of  circular  polarization. 

Light  may  be  circulariy  polarized  by  a  very 
Wmple  process.  Fresnel 's  Khomb,  as  it  is  com- 
mionly  called,  is  a  parallelipiped  of  glass,  whose 
hfaces  are  inclined  to  each  other  at  certain  angles, 
Mependent  on  the  refractive  power  of  tlie  glass. 
Itif  a  beam  of  plane  polarized  light  be  incident 
upon  one  of  the  bases  of  the  Rhomb  pcrpendicu- 
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larly,  so  as  to  emerge  at  the  opposite  base  after 
two  internal  reflections,  the  result  is  found  to  de- 
pend essentially  upon  the  inclination  of  the  plane 
of  primitive  polarization  to  the  plane  of  internal 
reflection.  AVhen  this  angle  is  0°,  thus  0°  or  90°, 
the  emergent  beam  is  plane  polarized,  as  was  the 
incident ;  when  the  angle  has  any  other  value,  the 
beam  is  eUiptically  polarized  ;  and  particularly, 
when  the  angle  is  45°,  the  emergent  light  is 
found  to  have  undergone  that  peculiar  cliange 
which  is  called  Circular  Polarization.  Light,  in 
the  last  of  these  conditions,  has  peculiar  proper- 
ties. First  of  all,  it  is  destitute  of  every  trace  of 
plane  polarization.  When  subjected  to  the  action 
of  any  analyzer,  such  as  a  Nichol's  Prism,  it 
conducts  itself  precisely  as  common  light.  In 
this  respect  it  differs  most  eminently  from  plane 
polarized  light,  which  is  extinguished  in  one  po- 
sition of  the  analyzer.  It  differs  also  from  eUip- 
tically polarized  light,  the  latter  giving  a  beam 
of  varying  intensity  for  the  different  positions  of 
the  analyzer,  though  never  extinguished.  The 
property  now  mentioned  might  lead  us  to  suppose 
that  the  action  of  the  Ehomb,  in  cuxular  polari- 
zation, is  simply  a  depolarizing  action,  which 
reduces  the  plane  polarized  beam  to  the  state  of 
common  light.  We  observe,  therefore,  that  the 
properties  of  light  in  the  state  of  Circular  Polari- 
zation, distinguish  it  as  clearly  from  common  as 
from  plane  polarized  light.  One  instance  may 
be  given  in  proof  of  this.  If  two  beams,  one  of 
common  light  and  the  other  circularly  polarized, 
be  subjected  to  the  action  of  a  Fresnel's  Rhomb, 
the  results  are  different  in  the  two  cases.  In  the 
first  the  emergent  beam  has  no  property,  as  far 
as  we  know,  distinguishing  it  from  the  incident, 
or  from  common  light  in  general ;  in  the  other 
case,  when  the  incident  beam  is  circularly  polar- 
ized, the  emergent  is  plane  polarized.  The  state 
of  circular  polarization  is  therefore  different  from 
that  of  common  light,  since  the  two  states  are 
differently  modified  by  one  and  the  same  action. 
We  cannot  enter  into  the  details  of  this  subject, 
but  there  is  one  point  that  claims  our  special 
notice,  li  om  the  importance  of  its  connections.  It 
has  been  already  stated  that  the  action  of  the 
Rhomb  upon  a  beam  of  plane  polarized  light  de- 
pends on  the  inclination  of  the  plane  of  original 
polarization  to  that  of  internal  reflection.  Let  A 
denote  this  angle.  We  may  speak  of  all  its  possible 
values  as  comprehended  between  0  and  90°,  in- 
cluding values  properly  negative,  from  0  to  — 90°. 
If  A  has  any  other  value  than  0  or  90°,  the  light 
is,  as  we  have  stated,  elliptically  polarized,  and  if 
A=46°,  the  elliptic  polarization  becomes  circu- 
lar. Let  a  second  Rliomb  bo  now  placed,  so  as 
to  receive  the  beam  emergent  from  the  first,  and 
let  its  jiosition  be  similar  to  that  of  the  first; 
then  the  light  emergent  from  the  second  will  be 
plane  polarized  in  every  case — that  is,  for  all  tlie 
values  of  the  angle  A ;  so  that,  by  two  internal 
reflections  under  proper  conditions,  we  convert  d 
piano  polarized  beam  into  one  elliptically  polar- 
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ized ;  and,  by  two  additional  reflections  in  the 
same  plane,  we  reproduce  the  state  of  plane  po- 
larization. The  finally  emergent  light,  though 
plane  polarized,  is  not  in  precisely  the  same  con- 
dition as  the  original  beam.  The  planes  of 
polarization  of  the  two  beams  are  found  to  be 
different;  they  are  inclined  equally  to  the  plane 
of  internal  redection  upon  opposite  sides  of  it ;  so 
that  their  mutual  inclination  is  2  A.  By  means 
of  four  internal  reflections  we  can,  therefore,  make 
the  plane  of  polarization  deviate  through  any 
desired  angle.  In  other  words,  a  plane  polarized 
ray  maj'  be  made,  by  such  means,  to  turn  through 
any  angle  round  its  own  axis.  In  connection 
■with  the  preceding  statements,  we  have  now  to 
refer  to  a  very  remarkable  class  of  facts.  If  a 
homogeneous  ray  of  plane  polarized  light  be 
transmitted  perpendicularlj' through  a  plate  of  rock 
crystal,  whose  faces  are  perpendicular  to  its  axis, 
the  ray  after  transmission  is  still  plane  polarized, 
but  the  plane  of  polarization  has  deviated  through 
a  certain  angle.  The  result  of  transmission 
through  the  rock  crystal  is  precisely  the  same  as 
that  of  four  internal  reflections  described  above; 
This  is  the  reason  why  the  peculiar  action  of  the 
rock  crj'stal  is  usually  described  in  connection 
with  the  subject  of  Circular  Polarization.  The 
laws  of  this  action  are  simple,  though  the  nature 
of  it  is  not  known.  First,  with  regard  to  the 
direction  of  deviation.  We  may  sfieak  of  the 
ray  as  propagated  through  the  plate  with  a 
screw-motion ;  it  is  made  to  revolve,  in  fact, 
round  its  own  axis  while  it  is  being  transmitted 
through  the  crystal.  In  every  particular  crystal 
of  quartz,  the  motion  of  the  polarized  ray  is  con- 
stantly that  of  a  right-handed  screw  or  of  a  left- 
handed,  whatever  be  the  position  of  the  original 
plane  of  polarization,  and  whatever  be  the  face  of 
the  plate  upon  which  the  ray  is  incident.  In 
some  specimens  of  rock  crystal  the  rotation  is  to 
the  right,  in  others  to  the  left.  This  difference 
has  been  clearly  connected  by  Haiiy  with  a  dis- 
tinction in  crystalline  structure. 

With  regard,  again,  to  the  amount  of  the 
deviation,  this  depends  upon  the  wave-length  or 
the  refrangibility  of  the  homogeneous  light  trans- 
mitted, and  upon  the  thickness  of  the  plate.  The 
angle  of  deviation  varies  in  the  direct  proportion 
of  the  last  of  these  elements  for  all  plates  or  sets 
of  plates  derived  from  the  same  crystal.  The 
most  refrangible  rays  are  deviated  to  the  greatest 
extent  in  every  case.  Thus,  in  an  experiment  of 
Biot's,  the  deviations  produced  by  the  same  plate 
^  of  an  inch  in  thickness,  were  4i°  for  the  ex- 
treme violet  of  the  spectrum,  about  17°  for  the 
extreme  red,  and  intermediate  values  for  the  rays 
of  intermediate  refrangibility.  When  a  beam  of 
white  light  has  been  plane  polarized,  and  trans- 
mitted through  a  plate  of  quartz,  the  variously 
refrangible  ravs  of  which  it  is  composed  rotate 
imequally,  as  "the  last  statement  would  lead  us 
to  expect.  In  such  a  case,  a  Nicol's  prisin  will 
not  extinguish  the  emergent  light  in  any  position 
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but  will  give  coloured  images.  Quartz  is  the  only 
known  solid  that  exerts  the  circularly-polarizing 
influence  upon  light  transmitted  throTigli  it  with- 
out internal  reflection.  But  there  are  many 
liquids  that  possess  this  property,  such  as  oil  of 
turpentine,  oil  of  citron,  and  other  essential  oils, 
tartaric  acid,  syrup  of  sugar.  What  especially 
distinguishes  this  class  of  actions  from  that  of  rock 
crystal,  already  described,  is  the  constancy  of  the 
results  for  all  directions  of  the  ray  through  the 
liquid.  The  rotation  of  the  plane  of  polarization  Is 
as  evident  in  the  case  of  liquids  as  with  a  plate 
of  quartz,  but  the  rotatory  power  of  liquids  is 
much  more  feeble.  Thus,  concentrated  syrup  of 
Eugar,  the  strongest  of  liquids  in  this  respect, 
produces  a  deviation  only  of  that  due  to  a 
plate  of  quartz  of  the  same  thickness.  We  notice 
among  liquids  a  distinction  similar  to  that  ob- 
served between  different  specimens  of  quartz,  in 
regard  to  the  direction  of  deviation.  Some 
liquids,  such  as  synnp  of  sugar  and  tartaric  acid, 
make  the  plane  of  polarization  turn  from  left  to 
right;  and  others,  such  as  gum  arable  and  essence 
of  laurel,  in  the  contrary  du-ection.  When  liquids 
which  possess  the  rotatory  power  are  diluted  or 
mixed  in  any  proportions,  there  is  a  perfect  pre- 
servation and  superposition  of  effects.  The  same 
quantity  of  Hqmd,  when  traversed  by  a  ray  of 
polarized  light,  produces  the  same  amount  of  ro- 
tation in  all  circumstances  of  dilution  and  mix- 
ture. We  except  from  this  rale  the  cases  or 
mixture  which  are  accompanied  by  chemical 
action.  The  peculiar  action  of  transparent  media 
that  we  have  been  considering  has  been  very 
fully  investigated  by  Biot.  He  has  given  to  it  the 
name  of  Circular  Atomic  Polarization. — The 
Theory  of  Circular  Polarization  may  be  now 
briefly  referred  to.  According  to  the  generally 
received  form  of  the  Wave  Theory  of  Light,  the 
molecular  ^^brations  of  a  plane  polarized  ray  are 
rectilineal,  and  constantly  perpendicular  to  the 
plane  of  polarization.  In  a  circularly  polarized 
ray  the  vibrations  are  supposed  to  be  circular,  the 
planes  of  the  circles  being  constantly  perpendicu- 
lar to  the  direction  of  the  ray.  If  we  suppose, 
then,  that  the  particles  in  the  course  of  a  ray  are 
arranged  in  succession  in  the  form  of  a  helix  or 
screw-thread,  and  that  the  screw  revolves  round 
its  own  axis,  without  advancing,  we  have  a  re- 
presentation of  the  movement  of  waves  in  a  cir- 
cularly polarized  ra)%  according  to  the  theory. 
There  will  be  evidently  two  kinds  of  circularly 
polarized  light,  according  as  the  screw  in  the 
illustration  is  right-handed  or  left-handed.  The 
various  properties  of  circularly  polarized  light 
are  bcautifulh'  explained  by  this  theory.  Vi'o 
shall  only  indicate  the  explanation  of  the  two 
distinguishing  properties  mentioned  at  the  outset. 
The  first  is,  the  absence  of  all  trace  of  plane 
polarization,  though  the  circularly  polarized 
beam  is  obtained  from  a  plane  polarized  one  by 
a  very  simple  action — that  of  two  internal  reflec- 
tions.    To  explain  this  property,  we  observe 
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mat  the  action  of  an  analyzer,  such  as  Nicol's 
rtrism,  is  to  obstruct  the  passage  only  of  those 
Bbrations  which  are  perpendicular  to  a  particular 
Wane,  this  plane  holding  a  constant  position  in 
16  analyzer,  and  revolving  with  it  round  the 
luy.  Now,  it  is  a  property  of  the  circular  vibra- 
5on  that,  if  it  be  resolved  into  two  rectilineal 
Mbrations  at  right  angles  to  each  other,  the 
plitudes  of  the  components  are  independent  of 
meir  directions.  A  circularly  polarized  beam, 
hen  analyzed,  will  therefore  lose  the  same 
Miantity  of  light  in  all  positions  of  the  analyzer — 
iat  is — will  present  no  sign  of  plane  polariza- 
;on.  The  second  property  mentioned  was  the 
ODnvertibility  of  a  circularly  polarized  beam  into 
plane  polarized  one,  and  vice  versa,  by  two 
ititernal  reflections  at  proper  angles,  in  a  transpa- 
BJnt  medium.  In  explanation  of  this  propertj', 
iiis  proved  very  simply  that  a  circular  vibration 
1  converted  into  a  rectilineal  one,  if  either  of  its 
ictangular  components  be  accelerated  or  retarded 
Yj  a  quarter  of  a  complete  vibration  ;  and  that  a 
xsctilineal  vibration  is  changed  into  a  circular 
le  of  the  same  amplitude,  by  a  similar  accelera- 
mon  of  one  of  its  equal  rectangular  components. 
W e  have  only  to  assume,  therefore,  that  in  in- 
xsmal  reflection  there  is  an  acceleration  of  those 
Ubrations  (say)  that  are  in  the  plane  of  incidence, 
iJrhile  those  at  right  angles  to  this  plane  are  not 
Kccelerated  ;  and  further,  that  the  amount  of  ac- 
iMeration  due  to  two  internal  reflections  at  the 
tpigles  of  incidence  proper  to  Fresnel's  Rhomb,  is 
c  quarter  of  an  undulation.  This  assumption  is 
made,  accordingly,  as  the  basis  of  the  theory  of 
WVesnel's  Rhomb,  and  more  generally  as  a  fun- 
i^mental  principle,  in  explanation  of  the  mutual 
lonvertibility  of  plane  and  circularly  polarized 
jight  by  means  of  internal  reflections.  The  as- 
CTiraption  has  certainly  much  in  its  favour. 
VyVhile  upon  the  theory,  we  should  not  omit  re- 
ference to  the  phenomena  of  Circular  Atomic 
Polarization,  which  have  been  already  described. 
The  nature  of  the  molecular  actions  that  give 
srise  to  this  class  of  phenomena  is  entirely  unex- 
bolained.  We  may  have  a  clear  view  of  tiie  difli- 
;ulty,  by  supposing  the  incident  beam  of  plane 
jolarized  light  to  be  decomposed  into  two  oppo- 
aeite  circularly  polarized  beams;  the  action  of  the 
vnedium  is  then  to  be  regarded  simply  as  giving 
•ise  to  an  acceleration  of  one  of  the  latter  beams 
jrelatively  to  the  other.  Fresnel  has  proved,  in 
>die  case  of  quartz,  that  two  opposite  circularly 
nbolarized  rays  traverse  the  medium  with  difl'cr- 
i*nt  velocities ;  but  the  difficulty  is,  especially  in 
;he  case  of  liquids,  to  conceive  an  action,  capable 
)f  producing  such  a  result.  See  Quautz. 
'  Clamp  :  The  name  of  a  portion  of  an  instru- 
waent,  whose  function  is  that  of  arresting  the 
wnstrument's  motion.  Applied  to  a  railway  car- 
riage it  is  called  a  break 

The  excellency  of  the  clamp  resides  in  two 
qualities.  It  must  keep  the  parts  of  the  instru- 
Wttent  which  do  not  require  to  be  moved  perfectly 
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still;  and  permit  at  the  same  time  a  per- 
fectly unembarrassed  motion  to  those  parts  which 
require  to  be  moved.  Tlie  clamp  itself  is  suffi- 
ciently simple ;  consisting  generallj'  of  two  plates, 
connected  by  a  screw,  which  can  bring  the  plates 
to  catch  upon  any  object,  and  hold  it  close.  The 
less  of  the  object  they  so  catch — if  they  hold  it 
securely — the  better ;  because  the  motion  of  the 
other  parts  will  be  so  much  the  more  free.  A 
tangent  screw  is  usually  connected  with  the  end 
of  the  clamp,  and  with  the  moveable  parts  ;  and 
is  employed  to  produce  very  fine  and  slow 
motions. 

Sometimes,  instead  of  the  clamp 
with  two  plates,  a  circular  clamp 
is  made  use  of;  it  is  employed 
to  hold  a  tube.  It  consists  of  a 
ring  nearly  fitting  the  tube, 
having  a  descending  end  as  in 
the  figure.  The  ring  is  made 
of  elastic  material,  and  when 
the  screw  represented  does  not  keep  the  slit 
quite  close  there  is  a  sufficient  opening  out  of 
the  ring  to  let  any  body  readily  free.  If  the 
slit  were  the  whole  length  of  the  mass,  instead 
of  being  terminated  as  in  the  figure,  it  would 
not  be  easy  to  preserve  such  a  clamp  in  good 
working  order. 

The  best  account  of  clamps,  with  a  very  full 
description  of  the  various  constructions,  will  be 
found  in  Pearson's  Practical  Astronomy,  vol.  ii. 
pp.  272-277. 

Cleavage :  A  phenomenon  presented  by  many 
of  the  slates  and  older  stratified  rocks  which 
phj-sical  science  has  recently  brought  within  its 
domain.  The  phenomenon  is  this : — Every  one 
knows  that  a  bed  of  stratified  rock  can  generally 
be  split  with  a  certain  ease  in  the  direction  of  the 
strata ;  the  housemaid  who  lays  a  block  of  coal 
properly  on  the  fire  bears  unconscious  testimony 
to  this  fact.  But  such  old  beds  also  split  with 
comparative  ease  in  some  other  direction,  having 
no  definite  connection  with  the  strata.  This  split 
is  a  cross  split,  and  calls  to  mind  the  fact  that 
crystals,  such  as  Iceland  spar,  also  split  easily  in 
two  directions.  Tlie  phenomenon  in  the  case  o5 
the  crystal  attaches  to  the  nature  of  crystalliza- 
tion ;  but  this  new  direction  of  split,  or  this 
"  plane  of  cleavage,"  which  often  runs  uniformly 
through  vast  mountain  masses,  cannot  be  ex- 
plained by  the  ordinary  processes  of  crystalliza- 
tion: nor  until  quite  recently  did  any  rational 
tiieory  or  physical  cause  seem  to  the  geologist  to 
be  attainable.  Professor  Sedgwick,  indeed,  had 
a  considerable  time  ago,  ventured  on  the  conjec- 
ture that  probably  polar  forces  of  some  sort  were 
developed  amid  the  molecules  of  a  stratified  mass, 
after  its  stratification  ;  and  that — inasmuch  as  a 
bar  of  iron,  alter  the  lapse  of  years,  shows  a  ten- 
dency to  become  crystalline — so  may  the  solid 
rocks  tend  to  a  similar  state; — whence  these 
planes  of  cleavage.  The  idea  was  an  imposing 
one,  and  has  since  been  swollen  to  gigantic  di- 
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Ttiensions  by  the  Norwegian  Keilhan,  m  whose 
opinion  even  the  crystalline  granite  masses  are 
only  stratified  rocks  metamorphosed  by  a  ten- 
dency of  such  a  kind,  operating  during  immea- 
surable ages.  Now  that  we  have  reached  it,  how- 
ever, the  true  cause  turns  out  vastly  more  sim- 
ple. We  owe  the  discovery  and  exposition,  to  Dr. 
Tvndall,  of  whose  exceedingly  interesting  memoir 
sir  John  Herschel  has  worthily  said  that  since 
reading,  a  great  many  years  ago,  Wells  s  li  tie 
tract  on  Dew,  he  had  not  met  with  anythmg  that 
seemed  to  bring  so  many  loose-lying  phenomena 
under  a  general  and  very  simple  prmciple.  It 
would  be  wrong,  however,  to  omit  mention  of  Mr. 
Sorbv     This  very  acute  and  promising  geolo- 
gist had  clearly  approached  the  truth;  but  un- 
fortunately he  appeared  to  consider  that  a  subor- 
dinate portion  of  the  phenomenon  plays  a  prm- 
cipal  part.    Dr.  Tyndall's  theorem  is  this  :- 
Rocks  distinguished  hy  planes  0/  cleavage,  Jiave 
leen  subject  to  enormous  pressure  or  squeezing  in 
a  direction  at  right  angles  to  those  planes  He 
yhows  by  irrefragable  evidence,  first,  that  such 
pressure  has  existed,  and,  secondli/,  that  it  .suf- 
fices for  explanation  of  the  phenomenon.-Cl.) 
The  fact  that  pressure  of  the  kind  supposed,  ac- 
tually occurred,  is  manifested  by  the  contents  of 
the  rocks  with  cleavage.  These  rocks,  for  instance, 
contain  organic  remains-the  relics  of  shells, 
trilobites,  &c.    Now  those  relics  are  universally 
squeezed  up  in  the  direction  of  the  foregoing 
plane  of  pressure,  that  is,  in  a  plane  at  right 
angles  to  the  plane  of  cleavage.    But  the  condi- 
tion of  inorganic  constituents  of  the  rocks  give 
corresponding  and  equally  emphatic  indications. 
Most  persons  will  recollect  those  yellovv  marks 
that  so  often  appear  in  school  slates.    Those  and 
similar  ones,  sometimes  of  considerable  dimen- 
sions, found  in  the  rocks,  appear  to_  have  been 
originally  deposits  of  very  fine  mud,  in  globular 
or  almost  globular  cavities.    Now  the  section  of 
those  masses  in  the  direction  at  right  angles  to 
the  direction  of  pressure,  remains  circular,  but  in 
the  plane  of  pressure  the  section  is  elliptical,  z.  e 
the  globular  masses  have  been  pressed  out  into 
ellipiids.    In  the  same  way-as  Mr-  Sorby  has 
so  well  shown  must  be  the  case-the  flat  side, 
of  in  particles  of  mica,  talc,  &c.   that  are  found 
in   these  rocks,  lie  in  accordance  wilti  tlic 
l,™?pl.ne,;.nd  .„e™f».e  ..  ^^^^^ 
the  direction  of  pressure.— (2.)  But  whiie  ti  e 
reality  of  ancient  pressure  has  thus  been  demon- 
I  ra  ed,  can  that  alone  account  for  the  existence 
ofXesofcleavage?  Kigorously  defined  lines  ot 
la  age     merelp  lines  of  comparative  weakness 
in  the  rock,   l^ow  the  illustrations  just  adduced 
"how  tJat  all  through  the  rocks  Bubjec.ecl  0  sue 
pressure  there  must  be  a  plane  of  ^™ 
situated  exactly  as  above  delined     1^  i  d 
that  every  compressible  irregularity  vithm  the 
suuctui;  of  the'rock,-every  cV-scontmuous   0  - 
tion-cverv  air-bubble,  or  water  cav.  j,  nui.t  be 
flattcnedTnd  spread  out  in  the  direction  at  right 
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angles  to  the  direction  of  pressure.   Dr.  Tvndall 
takes  the  homely  illustration  of  *'  puff  paste."  It 
is  thoroughly  to  the  point ;  for  no  cook  can  make 
"  puff"  pa.sle"  well,  unless,  by  pressure,  the  por- 
tions that  will  afterwards  melt,  are  flattened 
and  formed  into  thin  cakes  lying  perpendicularly 
to  the  direction  of  the  pressure.    And  thus,  in 
the  present,  as  in  multitudes  of  other  cases,  the 
most  puzzling  and  largest  classes  of  phenomena, 
turn  out,  after  all,  nothing  more  mysterious,  than 
operations  unnoticed  because  familiar— passing 
hourly  before  our  eyes!    Dr.  Tvndall  refers  to 
an  illustrative  experiment  that  must  be  felt  as 
singulariy  conclusive.    Taking  a  piece  of  wax, 
and  using  every  means  to  make  it  as  homoge- 
neous as  possible,  he  subjected  it  to  pressure  be- 
fore his  audience  at  the  Royal  Institution,  and  it 
came  from  the  pressure  with  well  marked  planes 
of  cleavage.    And  he  used  his  theory  most  suc- 
cessfully to  explain  the  exfoliating  of  railway 
bars  and  other  analogous  phenomena.— For  m- 
stance,  break  a  piece  of  ordinary  iron,  and  you 
will  discern  that  its  structure  is  granular.  If 
this  mass  be  beat  or  pressed  the  granules  are 
elongated ;  they  yield  and  become  plates.  Hence 
exfoliation ;  the  plates  come  off  in  leaves.  In 
other  words,  the  iron  has  got  a  clenvage.— Geo. 
logy  is  thus  not  merely  freed  from  an  enigma ;  her 
inquirers  may  further  conclude  from  the  pre- 
sence of  slaty  cleavage,  that  in  former  ages  an 
enormous  pressure,  definite  as  to  direction,  must 
there  have  been  at  work. 

tllcpsydva  or  Water  Clock.  An  instru- 
ment in  which  the  efflux  of  water  through  a 
small  orifice  is  taken  as  the  measure  of  time. 
Two  species  of  clepsydrae  have  been  employed, 
—one  wherein  the  fluid  is  allowed  simply  to  pass 
through  the  orifice, — another  where  the  level  is 


constantly  kept  at  the  same  height  by  the  intro 
duction  of  new  water.  The  latter  plan  secures 
that  the  efflux  of  water  be  uniform.  In  the  for- 
mer case,  it  is  clear  that  there  is  not  the  same 
weight  of  fluid  pressing  on  that  which  issues  at 
the  orifice— when  one-half  (for  example)  has 
passed— as  before.  In  consequence  the  velocity 
diminishes.  If  the  water  be  pure,  and  the  orifice 
very  small,  and  quite  clean,  the  law  of  efflux  will 

be,  that  in  1th  part  of  the  time  of  the  whole 
m 

efflux,  the  amount  of  the  water  that  shall  have 

passed 

111  \ 

Thus,  in  ^  of  the  time,  |-  of  the  water  will 
have  passed;  in  ^  of  the  time,  |;  in  ^,  f  ths;  and 

so  on.  ,    ,  f 

It  follows  that  the  second  method  is  the  best 
for  reckoning  lime.  If  we  can  keep  the  level 
constant,  and  at  the  same  time  not  disturb  the 
water,  we  shall  evidently  have  a  uniform  flow  of 
fluid,  which  may  be  measured  by  being  received 
into  a  uniformly  graduated  tube, 
i     The  clepsydra  is  susceptible  of  very  consider- 
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1g  mccbatiical  refinement;  and  may  become 
instrument  of  great  delicacy.    It  is  supposed 
have  been  in  use  among  tlie  Chaldeans.  Scipio 
liica  introduced  it  into  Rome.    Tycho  Brahe 
ployed  it  in  his  Observatorj'. 
Climate.    A  word  which,  in  its  ordinaiy 
eptation,  signifies  the  general  material  rela- 
ons  of  any  coimtry  or  district  of  the  globe — be 
lese  beneficent  or  maleficent — to  living  beings 
ithin  that  region,  or,  more  correctly  perhaps, 
>  Man.    Climate,  in  this  sense,  comprehends, 
<  Humboldt  has  said,  "  all  those  modifications 
the  atmosphere  by  which  our  organs  are 
:cted — such  as  temperature,  humidity,  varia- 
.13  of  barometric  pressure,  its  tranquillity  or 
objection  to  foreign  winds,  its  purity  or  admis- 
ire  with  gaseous  exhalations,  and  its  ordinary 
■ansparency — that  clearness  of  sky  so  important, 
hrough  its  influence,  not  only  on  the  radiation 
f  heat  from  the  soil,  the  development  of  organic 
issue  and  the  ripening  of  fruits,  but  also  on  the 
utflow  of  the  moral  sentiments  in  the  different 
ones."    To  expiscate  and  declare  the  laws  of 
he  constitution  of  climate,  under  this  wide 
cceptation  of  it,  and  to  indicate  the  revolutions 
,  liich  actual  climates  have  imdergone,  forms  the 
bject  of  one  of  the  most  extensive  of  the  depart- 
lents  of  existing  physical  research, — one  that 
aust  build  on  all  the  ph3'sical  sciences  as  a 
lundation,  and  draw  also  from  history  and 
thnologj', — a  department  properly  termed  Cli- 

latologrj  To  enable  one  to  constitute  or  deline- 

te  the  sphere  of  a  distinct  department  of  science, 
ue  requires  to  obtain,  not  a  vague  or  general, 
lut  an  exact  definition  of  it ;  but  this  is  precisely 
he  thing  that  can  never  be  obtained  until  a 
cience,  being  nearly  complete,  has  surveyed  its 
'wn  sphere  and  marked  out  its  boundaries.  At 
iresent,  certainly  no  more  definite  initiatory 
lefinition  can  be  given,  than  the  one  suggested  by 
he  foregoing  extract,  which  is  the  essence  of  all 
he  writings  of  Humboldt  on  this  subject,  ^nz  : 
hat  climates  ought  to  be  considered  identical  or 
;orresponding,  which,  in  whatever  latitudes  or 
■ogions  they  may  be  found,  offer  the  same  or 
arly  the  same  conditions  for  the  material  well- 
n;ing  of  Man.— Had  our  globe  been  a  perfect 
iphere,  and  with  a  symmetrical  distribution  of 
wand  and  water,  the  boundaries  of  climates  would 
uave  been  marked  out  by  parallels  of  Latitude. 
kBut  it  is  not  so.    And  since  diflTarencea  of  eleva- 
mm;  those  contrasts  which  distinguish  rigid 
matter  from  fluid,  viz.,  the  opacity,  density, 
»md  cohesion  of  the  ])articles  of  the  former, 
»n  opposition  to  the  transparency  or  permea- 
ibility  to  light,  and  the  mobility  of  the  particles 
frf  fluids ;  the  unequal  distribution  of  vcgeta- 
itdon,  of  still  and  running  water,  of  winds  and 
aatmosphcric  currents  ;  the  diversity  of  tiie  slopes 
'  w  exposures  of  a  country,  as  well  as  other  minor 
circumstances ;— all,  may  place  countries  of  the 
Hame  latitude  under  extremely  various  climato- 
Hlogical  conditions,  it  is  very  evident  that  mere 
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geograpliical  place  is  but  one  element — and  the 
simplest  one — towards  the  exact  determination 
of  -  a  climate.  As  a  first  step  in  the  discrimina- 
tion of  terrestrial  climates,  Humboldt  proposed 
that  parallels  of  Beat,  as  well  as  of  Latitude, 
should  be  drawn  across  the  globe ;  viz.,  isothermal 
lines,  or  lines  of  equal  mean  heat  during  the 
whole  year ;  isotheral  lines,  or  lines  of  equal 
summer  heat ;  and  isochimenal  lines,  or  lines  of 
equal  heat  in  winter.  The  idea  thrown  out  by 
this  venerable  physicist  has  not  lain  dormant. 
And  M.  Dove  of  Berlin  has  recently  enriched 
climatology  by  traces  of  lines  indicating  the 
equal  mean  temperature  of  the  several  months. 
The  study  of  those  lines  may  be  said  to  consti- 
tute the  basis  of  all  actual  climatology:  and 
the  following  are  a  few  general  results.  The 
progress  of  isothermal  lines  across  the  two  con- 
tinents, shows  that  the  climates  of  Europe  are 
of  a  lower  mean  temperature,  than  those,  either  of 
central  Asia  or  of  America;  and  that,  in  gene- 
ral, the  northern  hemisphere  receives  more  heat 
from  the  sun  than  the  southem.  This  difference 
begins  to  show  itself  in  parallel  of  Latitude  20°, 
and  goes  on  increasing  towards  either  pole. 
Between  lat.  0°  and  60",  the  difference  is  not 
less  than  16°  of  Fahrenheit  In  the  same  hemi- 
sphere and  under  the  same  Latitude,  the  annual 
heat  diminishes  rapidly  from  west  to  east,  in  the 
interior  of  continents,  while  it  follows  the 
inverse  course  in  countries  near  the  sea  coast. 
Between  the  two  continents  in  the  same  hemi- 
sphere,— between  the  climates  of  the  east  and 
those  of  the  west, — an  opposition  or  contrast 
exists,  resulting  doubtless  from  the  opposing 
mfluences  of  continental,  and  liquid  or  diaphanous 
masses.  The  influence  now  alluded  to,  is  still 
more  clearly  marked,  in  the  distribution  of  heat 
through  the  seasons.  In  America  the  summers 
are  burning,  the  winters  rigorous,  and  the  inter- 
mediate seasons  very  variable,  compared  with 
those  in  Asia  and  Europe;  and  this  contrast 
holds  also  for  Europe  and  Asia.  The  isochimenal 
lines  from  west  to  east,  in  Europe  and  Asia, 
assimilate  countries  apart  by  9°  or  10°  of  lati- 
tude; and  in  the  opposite  way,  the  isotheral 
lines,  bring  together,  localities  separated  geogra- 
phically by  at  least  ten  degrees  of  latitude. — 
Such  being  the  state  of  inquiry  as  to  Climatology, 
and  the  mode  in  which  alone  it  can  be  conducted, 
— this  article  closes.  But  there  are  other  two 
important  inquiries,  viz. :  I.  As  to  the  distribu- 
tion of  Climates  as  they  exist ;  and,  II.  As  to 
Climates  as  they  have  been. 

Clirnaic!),  Present  Distribution  of.  The 
force  principally  determining  the  distribution  of 
climates  over  the  surface  of  the  globe  is,  of 
course,  the  obvious  geographical  one.  Geogra- 
phical climate  ought,  indeed,  to  be  considered 
tiie  genus,  whilst  varieties  under  it  are  mere 
species.  Each  hemisphere  may  unquestionably 
be  divided  into  vast  zones,  that  in  (he  main  have 
a  certain  homogeneity  in  this  respect.    The  cir- 
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cumsfatices  modifying  Iho  elTect  of  solar  radia- 
tion, however  nunieious,  have  after  all  only  a 
restricted  action  ;  tliey  give  rise  to  local  dissimi- 
larities, individualizing,  so  to  spealc,  each  special 
region,  and  affecting  the  regularity  with  which 
the  solar  influence  diffuses  itself  from  equator  to 
pole :  nevertheless,  observations  show  that  for 
every  ten  degi-ees  of  augmenting  latitude,  there 
are  on  the  whole  diniinisliiiig  means,  botli  of  sum- 
mer and  winter  heat.  Placing  one's  self  in  the 
centre  of  such  a  geographical  zone,  and  neglect- 
ing the  divergences  arising  out  of  mere  locality, 
one  cannot  fail  to  discern  the  action  of  grand 
cosmical  and  climatological  influences, — for  in- 
stance, the  same  types  of  vegetation  and  animal 
life,  and  the  same  conditions  of  health  or  sick- 
ness as  regards  Man.  Under  the  line  and  near 
the  pole,  these  phenomena  reach  their  maximum 
of  contrast :  at  an  equal  distance  from  these 
extreme  points,  the  effects  alluded  to  balance 
and  sustain  eacli  other — each  passing  into  its  op- 
posite and  vice  versa.  It  is  thus,  not  unauthorized 
by  nature,  that  a  distribution,  now  very  old,  is 
still  received,  viz.,  that  the  globe  can  be  parcelled 
out  into  Regions  of  Cold  Climates,  Regions  of  Hot 
Climates,  and  Temperate  or  Intermediate  Regions. 
Of  these  three,  we  shall  spealc  in  some  detail ; 
merelj'  noting  at  outset  two  definite  facts  or 
laws  respecting  irregularity  of  climate,  or  their 
difference  in  spkciks.  First.  This  series  of 
hot,  temperate,  and  cold  climates,  which  one  finds 
on  passing  fi'om  Equator  to  Pole,  is  reproduced 
in  every  geographical  region,  in  connection  with 
variation  of  altitude  or  elevation  above  the  level 
of  the  sea.  Mountains  like  the  Himalaya, 
Chimborazo,  Lebanon,  St.  Bernard,  &c.,  pre- 
sent these  different  climates,  superimposed,  like 
the  storeys  of  an  old  Edinburgh  house :  nay,  the 
effect  of  elevation  has  been  computed ;  and  in 
the  main  it  may  be  said  that  an  elevation  of  two 
hundred  feet,  deteriorates  a  climate,  as  much  as 
a  displacement  of  the  locality  would  do,  from 
equator  to  pole,  of  one  degree  of  Latitude.  There 
are  thus  cUmateric  zones  of  altitude,  as  well  as 
climnteric  zones  of  latitude  ;  nor  are  tlie  former 
less  difficult  to  define  exactly  than  tlie  latter, 
depending  as  they  do  on  soil,  vegetation,  expo- 
sure, &c.  Nevertheless,  ,i7eHe)-flnaws  exist.  (See 
those  graphic  maps  by  Humboldt,  Berghaus,  and 
Johnston.)— Secondlg.  Within  each  of  these  zones 
there  are  two  secondary  divisions,  depending  on 
the  number  and  extent  of  the  vicissitudes  of  the 
atmosphere.  (1.)  Regions  in  the  neighbour- 
hood of  large  masses  of  water,  those  namely 
on  the  sea-coast,  or  which  are  bathed  by  large 
Rivers,  enjoy  an  atmosphere  comparatively  free 
from  great  changes  ;  i.  e.,  its  temperature  varies 
comparatively  little,  from  morning  till  even- 
ing, from  day  to  day,  from  month  to  month. 
On  this  account— mainly  because  of  tlie  neigh- 
bourhood of  the  sea— the  equatorial  zone  from 
0"  to  15°  lat.,  has  a  mean  temperature  no 
higher  than  80°,  except  in  the  case  of  exceptional 
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localilies  like  Senegal.  For  the  same  reason, 
plants  may  be  cultivated  on  the  coasts  of  England 
and  Ireland,  that  cannot  be  found  in  the  interior 
of  continents  of  much  lower  Latitudes.  The 
lines  of  corresponding  vegetation,  delineated  on 
the  fine  maps  already  referred  to,  afford  abun- 
dant illustration  of  the  truth  now  spoken  o£ 
All  such  regions  are  peculiarly  favourable  to 
horticulture;  even  when  the  heats  of  summer 
are  scarcely  adequate  to  ripen  the  fruit,  the  cold 
is  not  intense  enough  to  Icill  the  tree  in  -winter. 
(2.)  In  contrast  with  the  foregoing  are  conti- 
nental climates;  distinguished  by  the  multiplicity 
and  extent  of  their  meteorological  variations. 
Just  because  they  are  far  from  the  equalizing 
influence  of  the  ocean,  differences  of  temperature, 
of  the  moisture  of  the  air,  of  barometric  pressure, 
are  strongly  marked,  between  morning  and  night, 
from  day  to  day,  and  month  to  month.  These 
continental  climates,  for  instance,  our  Canadian 
one,  have,  not  unduly,  been  termed  excessive 
climates,  or  rather  climates  of  excesses. — "We 
shall  now  characterize  in  as  few  words  as  pos- 
sible, the  three  regular  geographical  climates. 

(1.)  Hot  or  Torrid  Climates. — The  sphere  of 
this  class  of  climates  extends  from  the  Equator 
to  30°  or  35°  of  north  and  south  latitude.  It 
comprehends  nearly  the  whole  of  Afiica ;  all  that 
great  division  of  Asia  lying  to  the  south  of  a 
parallel  from  Syria  to  Tonquin,  and  passing 
through  Lahore  and  Boutan ;  and  the  large  por- 
tion of  America,  .between  California  and  the 
southern  boundary  of  La  Plata.  The  perpendi- 
cular radiation  of  the  sun,  accumulates,  in  equa- 
torial climates,  the  maximum  of  heat ;  the  mean 
of  the  year  in  the  shade  ranging  from  80°  to  85°, 
while  that  of  summer  reaches  90°.  The  tropical 
regions  of  the  old  world  are  considerably  warmer 
than  those  of  the  new ;  and  in  either  case  the 
heat  diminishes  as  latitude  increases,  very  slowly 
indeed  compared  with  its  rate  of  diminution  in 
the  temperate  zones.  Transitions  of  tempera- 
ture during  the  day  are  rare  also  under  the 
torrid  zone,  and  of  slight  comparative  amount, 
seldom  surpassing  from  14°  to  16°;  the  fre- 
quency and  extent  of  these,  are  less  in  the  new 
than  in  the  old  woild ;  near  the  sea,  than  more 
inland ;  and  generally  in  westerly  than  in  easterly 
regions.  In  no  part  of  the  world  is  the  diminu- 
tion of  heat  through  elevation,  more  felt  than 
in  the  equatorial  mountains ;  and  it  is  not  with- 
out astonishment  that  an  European  finds  himself 
passing  in  a  few  hours  from  burning  plains 
covered  with  the  banana  and  the  cocoa,  to  sterile 
regions  buried  under  perpetual  snows.  Speaking 
generally,  the  heat  of  tlie  equinoctial  plains  keeps 
between  G5°  and  100° ;  but  between  day  and 
night  their  temperature  sometimes  varies  by  36°i. 
owing  to  the  intensity  of  terrestrial  radiation 
under  skies  so  exquisitely  serene.  Barometric 
oscillations  are  much  better  marked  in  the 
tropics  than  in  our  temperate  zones.  The  periods 
of  the  diurnal  oscillation  are  4Ji.  13m.  and  9A. 
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*J3ni.  A.sr.  and  4h.  8m.  and  lOJi.  23m.  p.m., 
bhe  difference  between  the  maximum  of  the 
IDienoon  and  the  minimum  of  afternoon  being 
eery  large.  See  Atjiospheue.  Between  the 
(Basons  of  rain  and  those  of  arid  heats,  the  inter- 
lediate  periods  are  distinguished  by  extreme 
Utmospheric  perturbations.  Autumn  and  spring, 
a  the  equatorial  zone,  resemble,  in  their  meteoro- 
pgical  versatility,  the  equinoctial  periods  of  all 
mntries ;  but  they  are  of  very  short  duration. 
Che  peciiliar  winds  that  influence  the  torrid 
none  further  affect  its  climate :  viz.,  the  land 
and  sea  breezes,  the  monsoons,  the  trade- winds, 
bhe  hurricanes  of  the  Antilles,  the  tornadoes  of 
bhe  African  coast,  and  the  typhoons  of  the  Eastern 
teas.  See  Wisds.  This  is  not  the  place  to 
ppeak  of  the  effects  of  these  tropic  climates  on 
vegetation  and  life. 

(2.)  Frigid  or  Arctic  Climates. — Tliese  climates 
ixtend  from  lat.  55°,  to  the  pole,  and  comprehend, 
a  the  north,  Denmark,  Sweden,  Norway,  Fin- 
■ond,  Northern  and  Middle  Eussia,  Siberia,  Lap- 
id,  Iceland,  Greenland,  Kamtschatka,  Spitz- 
irgen,  &c.  The  coldest  point  in  the  globe — 
mot  yet  determined  in  the  southern  hemisphere — 
ties — in  the  north — at  about  ten  degrees  from  the 
diole,  north  of  Behriug's  Straits,  and  about  east 
longitude  170°.  The  temperature  of  this  point 
3  =  — 10°;  that  of  the  pole  is  about  -f  - 3°.  Be- 
fween  latitudes  64°  and  7 5°  the  mean  tempera- 
Bure  of  spring  is-}- 3°;  that  of  autumn  about 
|-|-10°;  that  of  winter —22°;  and  that  of  sum- 
jaier-(-36°:  results  calculated  by  Foster,  from 
bhe  daily  observations  of  Boss,  Franklin,  Fany, 
imd  Back.  In  these  climates,  spring  announces 
Itself  by  thin  and  flaky  snow-storms,  followed  by 
Hentiful  rain  and  by  westerly  and  southernly 
iinnds.  Soon  after,  the  ice  breaks  up,  and  masses 
ff  it  detach  themselves  from  the  coasts;  winds 
omd  cun-ents  tear  them  awaj-,  and  a  debacle  takes 
blace,  in  the  midst  of  dense  vapours  that  darken 
»he  atmosphere.  The  temperature  rises  from  May 
0  July,  during  which  period  there  are  few  storms. 
The  actual  summer  does  not  overpass  this  date, 
its  mean  temperature  is  only  36°,  and  its  extreme 
jcat  only  reaches  60°;  the  causes  wliich  enfeeble 
lie  usual  benefits  of  summer,  being  the  obliquity 
)f  the  solar  rays,  the  coldness  of  the  winds  blow- 
laig  from  the  pole,  and  incessant  evaporation. 
t)uring^  the  month  of  August,  after  some  rain, 
idle  earliest  snows  fall ;  the  thermometer  descends 
Rapidly ;  and  in  November  the  accumulations  of 
■ce  in  straits  and  passes,  again  oppose  an  insur- 
nountaljle  obstacle  to  navigation.  Then  begins 
vinter,  a  season  very  rigorous  without  doubt, 
lut  which  meteorologists  have  usually  painted 
lark  in  excess.  Between  latitudes  70°  and  78° 
\h&  mean  temperature  of  the  year  is  not  lower 
I  ban  between  -f- 17°  and  + 19°,  although  the 
•xtreme  of  cold  reaches  —  70°.  Tliese  terrible 
:olds  are  felt  in  .January  and  Febraary,  an  epoch 
-t  which  the  polar  winter  is  at  its  deptli ;  then 
iver  sea  and  land,  snow  stretches  far  and  wide ; 
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glacial  vapour  disengages  itself  and  mingles  with 
the  air ;  the  sun,  concealed  below  the  horizon, 
reveals  his  existence  by  a  mere  twilight  whose 
calorific  effect  is  nil.  The  Aurora,  by  its  magical 
illumination,  somewhat  sup]ilies,  indeed,  the  place 
of  our  luminary ;  but  its  brilliancy,  unaccom- 
panied by  heat,  in  no  wise  mitigates  the  sharp- 
ness of  the  winter..  Diurnal  variations  of  the 
thermometer  in  these  hyperborean  climates  do 
not  amount  to  much ;  but  the  annual  variations 
are  very  great.  The  changes  of  the  barometer 
are  quite  in  contrast  with  those  affecting  tliis 
instrument  near  the  equator :  beyond  latitude 
60°,  the  periodical  variations  disappear;  while 
the  general  variations  augment  with  the  latitude. 
With  the  exception  of  the  Aurora,  there  are  no 
traces  of  electric  phenomena  in  high  latitudes. 
Winds  blow  there  usually  from  north-east  or 
south-west,  suddenly  veering  from  the  one  point 
to  its  opposite.  In  some  localities,  especially 
Spitzbergen,  the  southern  winds  are  colder  in 
winter  than  the  northern  ones.  By  the  impul- 
sion which  the  winds  communicate  to  the  air, 
they  increase  the  sensation  of  cold — rapidly  renew- 
ing the  air  in  contact  with  our  bodies  ;  and  by 
their  iiTegularities,  thej"-  frequently  produce  tem- 
pests that  spread  widely  around.  Eain  is,  of 
course,  comparatively  little  kno^vn  in  the  circum- 
polar  zone ;  it  falls  in  the  form  of  snow  or  hail, 
highlj'  crj'stalline  in  •\\dnter,  somewhat  softened 
and  moistened  in  spring.  The  hail  of  such 
regions  is  simply  frozen  rain ;  and  is  not  due  to 
electric  action,  nor  accompanied  by  electric 
phenomena.  The  general  character  of  polar 
climates  is  necessarily  determined  by  the  dura- 
tion and  intensity  of  their  winter.  Beginning 
in  October,  it  may  be  said  to  prolong  itself  into 
May ;  so  that  the  other  seasons  run  through 
their  course  in  a  few  weeks  :  here  summer  is 
neutralized  by  nocturnal  frosts  and  the  lowness 
of  its  thermometric  mean  ;  spring  and  autumn, 
remarkable  for  a  Jiumidity  that  augments  the 
persistent  coldness  of  the  air.  Under  the  glacial 
zone,  vegetation  can  scarcely  be  said  to  exist. 
Evcrytliing  in  the  animal  and  vegetable  world 
presents  a  dull,  feeble,  and  monotonous  aspect. 

(3.)  Temperaleor Intermediate  Climates. — These 
fortunate  climates  range  from  30°  or  35°  to  55° 
north  and  south  latitude.  Almost  the  whole  of 
Europe  with  its  islands  belongs  to  thorn  ;  in  Asia 
they  embrace  the  fair  and  vast  countries,  stretch- 
ing from  the  Euxine  and  the  MediteiTancan,  to 
the  einpire  of  Japan  and  the  great  ocean  on  the 
south  and  east ;  the  southern  part  of  Africa  is  un- 
der their  influence ;  and  in  America  they  include 
California,  parts  of  Mexico  and  Canada,  the 
United  States,  Chili,  and  Patagonia.  Tiic  lead- 
ing characteristics  of  the  temperate  zone  are 
those.  1.  The  seasons  are  well  marked;  cold 
and  heat  alternate  annually,  each  reaching  its 
apogee,  througli  a  gradual  transition  from  the 
other.  Meteorological  observations  made  in 
20  stations,  in  the  temperate  zone,  differing 
29  K 


CLT 

in  height  and  exposure,  furnish  as  the  annual 
mean  temperature  of  winter,  2G°;  of  summer, 
68°;  of  spring,  62°;  and  of  autumn,  63°. 
2.  Altliougli  distinct,  the  seasons  are  very  vari- 
able ;  while  within  equatorial  and  circumpolar 
regions,  they  arc  distinguished  by  a  remarkable 
stability  or  evenness  of  temperature.  3.  Those 
oscillations  of  temperature  which  are  little  per- 
ceptible from  one  day  to  another,  in  the  other 
zones,  are  strongly  felt  in  temperate  climates 
from  morning  to  evenuig,  from  week  to  week, 
month  to  month,  and  season  to  season.  It  is  a 
rare  thing  that  tlie  thermometer  remains  at  the 
same  degree  for  five  or  six  days  at  a  time : 
within  that  interval  it  may  indicate  vicissitudes 
of  18°,  27°,  or  even  36°;  the  scale  of  the  entire 
variations  is  not  less  than  54°  or  even  72°,  while 
at  the  equator,  thermometric  changes  do  not 
exceed  14°  or  16°.  The  armual  periods  of  chief 
versatility  occur  about  the  equinoxes.  Near  the 
vernal  equinox,  the  mass  of  the  atmosphere  is 
agitated  by  gales  blowing  from  all  parts  of  the 
horizon,  while  both  thermometer  and  barometer 
undergo  sudden  changes.  The  early  portion 
of  spring  thus  participates  in  the  qualities  of 
winter.  Summer  has  three  phases  :  the  first., 
cold  as  the  spring ;  the  second,  distmguished  by 
a  sustained  elevation  of  temperature  and  dryness 
and  purity  of  the  sky;  the  generally  bringing 
mth  it  electric  disturbances,  and  leading  in  the 
autumnal  equinox,  marked  like  its  predecessor 
by  alternations  of  calm  and  storm,  rain,  fogs, 
and  dew.  In  Avinter  tlie  atmosphere  becomes 
steady  and  serene ;  rains  succeed  and  alter- 
nate with  snow ;  the  sun  is  low  in  the  sky,  and 
the  nights  are  long. — Such  the  features  of  the 
centre  of  the  temperate  zones ;  towards  either 
extremity,  they  merge,  of  course,  nearer  to  the 
climates  of  the  equatorial  or  polar  regions.  It  is 
in  this  zone  that  the  influence  of  locality  is 
the  most  sensible.  According  to  the  exposure 
of  a  place— according  as  masses  of  mountams 
shelter  it — according  to  the  neighbourhood  of 
lakes,  morasses,  or  sandy  plains — its  climate 
may  be  infinitely  diversified  ;  it  may  offer  con- 
ditions totally  different  from  those  of  surrounding 
localities,  and  rather  analogous  to  what  is  found 
in  countries  more  southern  or  nortiierly. 

C'limnlcs,  Ancient.  The  climates  of  various 
places  of  the  earth  were,  at  one  time,  quite  difier- 
ent  from  what  they  now  are,— probably  of  llie 
■whole  earth.  For  instance,  in  coal  fields  in  arc- 
tic regions,  we  have  relics  of  what  are  now  purely 
tropical  plants.  It  is  clearly  enough  indicated 
by  geological  research,  that  throughout  those 
immense  pre-historic,  or  rather,  pre-Adamitic 
periods,  there  has  been  a  succession  of  varying 
climates  over  the  greater  part  of  the  terrestrial 
globe ;  and  that  the  main  feature  of  this  change 
has  been  a  diminution  of  heat,  since  early  geolo- 
gical epochs.  Various  causes  have  been  assigned 
for  this  remarkable  change,  to  examine  Mhich 
fully,  does  not  belong  to  a  volume  entering  so 
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slightly  into  geological  and  cosmogonic  discus- 
sion. It  is  necessary,  however,  to  allude  to  them. 
— 1.  The  gradual  alteration  or  degradation  of  the 
climates  of  the  earth,  has  been  attributed  to  the 
gi-adual  cooling  of  the  earth,  or  to  the  recession 
of  what  is  called  the  central  molten  part  of  the 
eartli's  mass.  Jt  is  not  proved,  however,  tliat 
there  is  any  such  central  molten  mass,  or  that 
there  has  been  tliis  gradual  cooling.  Physical 
considerations  are  far  from  sustaining  such  an 
hypothesis :  further,  it  is  not  consistent  with 
certain  astronomical  phenomena,  viz.,  the  pre- 
cession of  the  equinoxes :  neither  is  it  estab- 
lished that,  from  old  epochs,  there  has  been 
any,  general,  gradual  degradation  of  climate. 
— 2.  The  hypothesis  has  been  started,  that  the 
axis  of  the  earth's  rotation  may  have  altered; — 
the  present  polar  regions  having  been,  through 
efl'ect  of  such  alteration,  formerly  equatorial 
ones,  and  vice  versa.  This  hj'pothesis  is  not  only 
gratuitous,  but  inconsistent  with  every  known  law. 
The  axis  of  the  eartli's  rotation  has  never  altered, 
— 3.  An  explanation  of  a  different  kind  has  been 
proposed  by  Sh  Charles  Lj-ell.  He  attributes 
climate  mainly  to  the  distribution  of  land  and 
water  over  the  surface  of  the  earth.  And,  since 
continents  and  oceans  have  often  interchanged 
places,  he  conceives  that  regions,  now  arctic, 
may,  on  this  ground,  have  been  torrid.  The 
cause  is  a  vera  causa,  but  not  a  sufficient  one. 
It  involves  the  fallacy  of  explaining  differences 
of  genera,  by  the  causes  of  difference  of  species. 
No  conceivable  distribution  of  land  and  water 
could  so  far  abrogate  the  efficiency  of  the  Sun  as 
to  render  possible,  tropical  plants  in  Melville's 
Island. — The  difficulties  involved  in  the  problem 
are  gi-eat,  and  certainly  they  are  not  overcome 
as  yet. 

Clouds.  Respecting  the  formation  and  con- 
stitution of  Clouds,  much  stiU  remains  to  be 
investigated.  In  regard  of  constitution,  the  Fog 
and  Cloud  are  identical :  nor  do  they  ASffcv  in  any- 
tliing  save  this ;  the  Fog  is  a  Cloud  resting  on  the 
surface  of  the  earth,  while  the  Cloud  is  a  Fog 
floating  in  the  Atmosphere.  Intending  to  advert 
especially  to  Inquiries  concerning  the  origin  of 
these  visible  vapours,  under  article  Fog,  we  shall 
merely  state  here,  that  the  formation  in  question 
is  essentially  distinguished  from  that  of  Dew,  by 
tlie  circumstance  that  while  Dew  falls  or  is  pre- 
cipitated, because  the  surface  on  which  it  falls  is 
colder  than  the  Atmosphere,  Fogs  rise  and  are 
diffused,  because  the  surfaces  frwn  which  they  rise 
are  ivarmer  than  the  atmosphere.  The  formation 
or  source  of  the  former  is  the  aqueous  atmosphere 
itself;  the  source  of  the  latter  the  moisture  in  the 
ground.  —  The  structure  of  the  particles  or 
molecules  of  fog  and  cloud  has  been  pretty  closely 
examined;  and  the  prevalent  opinion  is  tbatthcy 
are  not  solid  dro])s,  but  thin  vesicles  or  air-bellSj 
of  the  character  of  soap-bubbles ;  tlic  collapse  of 
which  yields  rain.  The  diameter  of  these  vesicles 
varies  generallg  vdih  the  monthly  temperature; 
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■eaching  its  mtf.iffmm  of  about  -0006  of  an  incli 
.  August,  and  its  maximum  of  about  "0015  iu 
'iDecember :  tbe  variation,  liowever,  is  not  regular, 
»as  another  apparent  minimum  seems  to  occur  in 
IMay.  This  vesicular  constitution  of  the  particles 
otof  clouds,  might  promise  a  solution  of  the  puzzling 
qqnestion,  why  they  float  and  even  ascend;  nor 
hhave  conjectures  been  wanting  that  they  may  be 
liBlled  with  some  light  gas,  after  the  manner  of 
bfcalloons.  Chemical  analysis  has  disproved  all 
ssuch  hj^otheses :  and  there  is  no  need  of  them ; 
f£oT,  on  the  application  of  knoi\Ti  causes  to  the  ques- 
tition,  the  difficulty  will  be  found  very  nearly  to 
iiisappear.  In  the  Jirst  place,  the  velocity  of  the 
Gfall  of  such  a  vesicular  particle,  through  the  air, 
escannot  be  very  great ;  just  because,  owing  to  the 
BEstreme  tenuity  of  the  aqueous  envelope,  the 
sppecific  g^a^^ty  of  the  particle  can  scarcely  be 
ipppreciably  greater  than  that  of  air.  Secondhj, 
a  cloud  that  seems  motionless,  is  often  r&a&jfall- 
ying.  It  must  be  recollected  that  the  moment 
ttthese  vesicles  come  into  contact  with  dry  air,  they 
dilissolve  and  disappear ;  so  that  to  a  descending 
Moud,  such  a  change  as  the  following  may  fre- 
jquently  occiir, — its  lower  part  may  continually  be 
filissolving,  while  the  upper  is  being  continually 
iiinBreased  by  the  addition  of  new  vesicles.  And, 
Ukirdly,  an  atmospheric  force  exists,  directly 
ippposed  to  the  fall  of  clouds,  viz.,  ascendinrj 
■currents.  During  fine  weather  the  vesicle  falls 
rwith  a  much  less  velocity  than  that  of  the  ordi- 
mary  ascending  current ;  which  therefore  draws  it 
ippwards  along  with  it.  On  this  account  cumuli 
uare  more  elevated  at  midday  than  in  the  mom- 
aing;  towards  evening,  on  the  contrary,  as  the 
..current  becomes  weaker  the  clouds  descend  and 
iidissolve  when  they  reach  the  warmer  region  of  the 
itatmosphere : — hence  that  remarkable  transpar- 
aency  of  the  sky  which  often  follows  even  a  cloudy 
hday.    Horizontal  cui-rents  also  oppose  the  fall  of 

clouds  Eefening  agam,  as  to  the  genesis  of 

these  vesicles,  to  article  Fog,  we  shall  proceed 
^.with  an  account  of  the  Natural  History  of 
Clouds,  and  of  their  main  fimctions. 

(1.)  Clouds,  Forms  of.— A.  classification  of 
Clouds  according  to  their  chief  forms,  was  first 
proposed  by  the  meteorologist  Howard ;  and  the 
one  he  gave,  retains  its  place.  He  distinguished 
these  masses  into  three  main  forms,  the  cirrus, 
the  cumulus,  and  the  stratus;  to  which  he 
attached  as  subdivisions  —  the  cirro-cumulus, 
ciTO-stratus,  cumulo-stratus  and  nimbus.  The 
cirrus  (the  sailor's  cats  tail)  is  composed  of  thin 
Ufilaments,  the  association  of  which  resembles 
»«3omctimes  a  briwh,  at  other  times  masses  of  woolly 
hair,  and  agam,  slender  net- work.  The  pre- 
valence of  the  cirrus  constitutes  the  mackerel 
iky.  Ihe  cumulus  or  summer  cloud  (the  saHor's 
of  cation-)  appears  as  a  large  massive  hemis- 
phere restmg  on  a  horizontal  base.  Such 
lemispheres  are  often  piled  on  each  other,  forming 
;liose  great  and  gorgeous  clouds  that  sometimes 
accumulate  in  the  horizon,  and  present  the  aspect 
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of  remote  gigantic  mountains  crowned  with  snow. 
The  stratus  is  a  horizontal  band,  forming  gener- 
ally at  sunset  and  disappearing  at  sunrise. 
Howard's  subdivisions  explain  themselves;  nor 
is  any  remark  necessary  here,  except  that  the 
cumulo-stratus  often  assumes  at  the  horizon  a 
black  or  bluish  tint ;  then  passing  into  the  nimbus 
or  rain-cloud.  The  nimbus  is  distinguished  by 
its  uniform  gray  tint  and  its  fringed  edges ;  the 
clouds  of  which  it  is  composed,  are  mingled  so  as 
to  be  indistinguishable.  Of  these  various  shapes 
of  clouds,  the  cirrus  and  the  cumulus  are  in  all 
respects  the  most  strildug  and  important.  After 
a  period  of  continued  fair  weather,  when  the 
barometer  begins  to  fall  slowly,  ciri'i  are  seen  to 
appear,  sometimes  under  the  form  of  slender  fila- 
ments, and  on  other  occasions,  as  parallel  bands 
arranged  in  obedience  to  some  cause  yet  xmknown, 
fi-om  South  to  North,  or  from  South-west  to 
North-east.  Of  all  clouds  the  cirri  are  the  most 
elevated,  they  are  so  high,  that  from  the  summits 
of  the  loftiest  mountains  then-  appearance  is  the 
same  as  when  we  look  at  them  from  the  plains. 
Halos  and  parhelia  are  formed  among  the  cirri 
exclusively ;  nor,  if  they  are  examined  carefully 
bj'aid  of  a  blackened  min-or,  does  one  almost  ever 
fail  to  find  amongst  them,  distinct  traces  of  halos. 
But  as  these  phenomena  are  due  to  the  refraction 
of  light  by  frozen  particles,  it  would  therefore 
seem  likely  that  cirri  are  themselves  composed 
of  snowy  flakes,  floating  in  the  atmosphere  at  a 
great  height.  The  appearance  of  these  clouds 
frequently  precedes  a  change  of  weather.  In 
summer,  they  annoimce  rain ;  in  winter,  frost  or 
snow.  Even  when  the  vane  is  turned  towards 
the  North,  the  cim  are  often  carried  along  by 
South  or  South-west  wmds,  which  soon  descend 
and  are  felt  at  the  sm-face.  On  the  occurrence 
of  that  descent,  the  cirri  become  more  and  more 
dense,  because  the  air  is  moister ;  they  then  pass 
into  the  cirro-stratus,  and  in  a  short  time  rain  is 
precipitated.  These  same  ckcumstances  sometimes 
determine  the  formation  of  a  light  and  wholly 
vesicular  cm-o- cumulus.  This  is  the  cloud  which 
on  passing  before  the  sun  or  moon,  causes  these 
luminaries  to  be  surrounded  by  coronas.  The 
ciiTo-cumulus  foretells  heat.  Wliile  the  foregoing 
clouds  are  the  produce  in  our  northern  zones  of 
the  South  wind,  the  Cumulus  owes  its  existence 
to  ascending  currents :  its  elevation  is  not  nearly 
so  great  as  that  of  the  cirrus.  Cumuli  are 
characteristic  of  the  finest  days  of  summer ;  they 
appear  in  the  horizon  shortly  after  the  sun  has 
risen ;  their  number  and  size  increase  till  the  hour 
of  greatest  heat;  after  which  they  diminish ;  and 
in  the  evening,  the  sky  is  agam  serene.  They 
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arc  formed  as  already  hinted  when  ascending 
currents  draw  the  vapours  into  the  higher  regions 
of  the  atmosphere ;  regions  in  which  the  cold  air 
is  rapidly  saturated.  If  the  current  increases  in 
force,  the  vapours  and  clouds  become  more 
elevated;  and  as  they  penetrate  in  this  way  into 
colder  and  colder  regions,  it  occurs  that  the  skv 
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— althongli  fine  in  the  morning — beconies  quite 
clouded  by  twelve  o'clock.  Saussure  has  en- 
deavoured to  account  for  their  rounded  form  by 
this  mode  of  formation :  it  is  undoubted  that  -when 
one  liquid  traverses  another,  the  former  must, 
because  of  the  reaction  of  the  ambient  medium 
and  the  mutual  resistance  of  its  parts,  take  on 
a  cylindrical  form  witli  a  circular  section,  or  one 
composed  of  arcs  of  circles.  Although  cumuli 
generally  disappear  in  the  evening,  they  some- 
times do  not.  In  the  latter  case,  they  become,  on 
the  contrary,  more  numerous,  their  borders  are 
less  brilliant,  their  tint  deeper,  and  they  pass  into 
the  cumulo-siratus,  especially  if  a  stratum  of 
cimis  happens  to  exist  below  them.  This  arises, 
because  the  higher  and  middle  regions  of  the  air 
are  near  the  point  of  saturation ;  and  rains  and 
storms  may  then  be  expected. — See  Rain  and 
Htgrometry. 

(2.)  Clouds,  Distribution  and  general  Functions 
of. — It  were  needless  to  endeavour  to  present  any 
general  \'iew  of  the  distribution  of  clouds  over 
the  whole  surface  of  the  Earth,  inasmuch  as  the 
clearness  or  cloudiness  of  the  sky  is  so  largely 
influenced  in  every  particular  case  by  the  nature 
of  the  soil — its  power  of  absorption  and  radiation, 
its  dryness  or  humidity.  One  grand  fact,  how- 
ever, must  be  adverted  to.  Aroimd  the  equator, 
and  stretching  a  few  degrees  on  each  side  of  it, 
there  is  a  vast  cloud-ring,  not  precisely  steadfast, 
but  passing  sometimes  to  the  north,  sometimes  to 
the  south — always  existing,  however,  and  nearly 
permanent  as  to  its  breadth.  Almost  all  good 
voyagers  have  noticed  it.  The  following  ex- 
tract from  a  log-book,  by  an  American  Captain, 
describes  it  as  graphically  as  any.  On  entering 
the  parallel  4°  North  Lat.,  Captain  Sinclair 
■writes: — "This  is  certainly  one  of  the  most  un- 
pleasant regions  in  our  globe.  A  dense,  close 
atmosphere,  except  for  a  few  hours  after  a  thun- 
der-storm, diuriug  which  time  toiTcnts  of  rain 
fell,  when  the  air  became  a  little  refreshed ;  but 
a  hot  glaring  sun  soon  heats  it  again,  and,  but 
for  your  awnings,  and  the  little  air  put  in  circu- 
lation by  the  continued  flapping  of  the  ship's 
sails,  it  would  be  almost  insufferable.  Ko  person 
who  has  not  crossed  this  region  can  form  an 
adequate  idea  of  its  unpleasant  effects.  You  feel 
a  degree  of  lassitude  unconquerable,  which 
nothing  can  dispel.  After  crossing  the  line  I 
foimd  that  I  bad  now  surmounted  all  difficulties, 
and  that  the  breeze  continued  to  freshen  and 
draw  round  to  S.S.E.,  bringing  with  it  a  clear 
sky  and  most  lieavenly  temperature — renovating 
and  refresliuig  beyond  description.  Nothing 
•was  now  to  be  seen  but  cheerful  countenances, 
exchanged,  as  if  by  enchantment,  for  that  sleepy 
.sluggishness  which  had  borne  us  all  down  for  the 
last  two  weeks."  The  ring-cloud  is  coincident 
■with  the  region  or  zone  of  Equatorial  Calms ;  and 
something  of  (he  same  sort  distinguishes  tlie 
calm-zones  of  the  tropics  of  Cancer  and  Capricorn. 
Nor  is  it  difficult  to  detect  the  physical  cause  of 
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that  connection.  The  vapours  that  ascend  in  such 
masses,  under  the  direct  heat  of  the  Sun,  from  the 
surface  of  the  Earth  in  the  Equatorial  regions, 
condense  into  clouds  in  the  upper  atmospheric 
strata;  and,  as  they  are  not  swept  away  by 
winds,  they  hang  over  that  belt  of  calms,  and 
shield  the  Earth  below  it.    Evaporation  is  thus 
to  a  large  extent  stopped,  the  Earth's  surfece 
protected  from  the  torrid  beams  of  the  Sun,  and 
the  Equatorial  zone  rendered  habitable.  Preci- 
pitation, too,  becomes  not  only  possible,  but 
plentiful ;  and  underneath  that  cloud  belt,  we 
have  the  Equatorial  Eains.  From  5°  South  Lat. 
to  15°  North  Lat.,  the  beneficial  action  of  this 
cloud  belt  prevails;  and  its  existence  farther 
vastly  modifies  the  meteorological  habitudes  of 
the  more  northern  and  more  southern  zone-. 
But  for  the  effects  of  these  circles  of  calms,  we 
should  have  had  a  really  torrid  or  bumt-up 
equatorial  zone  on  the  one  hand,  and  in  the  tem- 
perate regions  perpetual  precipitation  or  ram-^. 
Over  all  the  Earth,  too,  we  can  trace  effects  of 
the  clouds ;  not  so  striking,  perhaps,  but  altoge- 
ther similar.    To  view  them  as  the  mere  sources 
of  rain  were  wholly  inadequate.    They  act  still 
more  remarkably  in  tempering  the  solar  heat, 
and  checking  nocturnal  radiation.  A  few  cloud- 
less days  in  summer,  suffice  to  infomi  us  how  in- 
supportable, anywhere  out  of  the  Polar  Cu-cle~, 
were  the  direct  heat  of  the  Sun ;  and,  even  in 
summer,  perpetual  nocturnal  radiation,  under  an 
unclouded  sky,  would  change  and  deteriorate  all 
our  climates.    Absence  of  cloud  in  it,  and  of 
course  radiation  unchecked,  is  one  of  those  many 
considerations  which  induce  us  to  suspect  that 
our  satellite,  the  Moon,  has  not  yet  reached  those 
phj'sical  conditions  wliich  are  consistent  with  the 
presence  of  organic  life. 

(3.)  Clouds,  Electricity  of. — The  question  con- 
cernmg  the  Electricity  of  Clouds,  as  well  as  that 
concerning  the  general  Electricity  of  the  Atmo- 
sphere, is  still  imder  keen  debate.  Of  the  con  - 
fiicting  opinions  of  Lame',  Becquerel,  and  Peltier, 
we  shall  here  give  those  of  Becquerel ;  meaning 
to  refer  pretty  fully  to  the  researches  of  Peltier 
under  article  Fog.  "\Yhen  the  sky  is  not  clear, 
the  electrometer  sometimes  indicates  the  presence 
of  positive  Electricity  in  the  Atmosphere,  some- 
times that  of  negative  ;  nay,  if  these  indications 
be  obtained  by  means  of  a  kite,  it  is  found  that 
the  electricity  manifested,  frequent!}-  changes  ii-- 
character,  as  the  kite  passes  from  one  cloud  lo 
another.  For  instance,  Peltier  tells  us  that  at 
one  time,  by  means  of  a  kite,  he  found  the  atnio- 
spliere  positive,  through  the  first  zone  of  60 
yards ;  above  that,  of  the  thickness  of  25  yards, 
lay  a  negative  zone;  while  beyond  that  space, ^;o.fl'- 
tivc  indications  reappeared.  It  may  be  taken  as 
iniiversally  true,  indeed,  that  the  clouds  are  in 
an  electric  state,  only  of  less  tension,  than  wlien 
storms  are  the  consequence.  And,  because  of 
tliis  electric  state,  they  are  variously  aflected  by 
the  mountain  masses  that  rise  up  amidst  them. 
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'o  this  cause,  in  all  probability,  must  be  referred 
Tects  obser%'ed  among  the  Andes  by  Boussin- 
udt,  viz.,  parasitic  clouds  of  immense  extent 
:ttaching  themselves,  so  strongly  to  the  middle 
uirtious  of  those  vast  trachytic  domes,  that  the 
\  ind  could  not  separate  them, — lightning  darting 
rora  this  mass  of  vapours,  and  rain,  mixed  with 
lail,  pourmg  dow  from  them  on  the  plains  be- 
ow.  Let  us  reflect,  however,  on  the  causes  of 
hese  different  electric  states.  (1.)  positive 
lectrization  of  clouds  can  be  explained  without 
i  tficulty.  If  a  cloud  is  formed  amidst  a  tranquil 
luosphere,  in  its  natural  or  positive  electric 


ite;  it  is  clear  that  the  same  condition  of  elec- 
ricity  will  characterize  each  of  these  vesicular 
lobules, — the  aqueous  envelope  of  which  must  be 
egarded  as  a  good  conductor.    When  the  elec- 
ricity  is  feeble,  and  the  vesicles  considerably 
part,  nothmg  remarkable  will  follow,  and  tlie 
loud  will  not  pass  mto  the  condition  of  a  storm- 
loud;  it  will  merely  appear  somewhat  more 
ighly  electrified  than  the  surrounding  air,  be- 
ause  it  is  a  better  conductor.    If,  however,  the 
loud  is  dense,  and  its  globules  close  on  each 
ther,  it  may  be  regarded  as  a  continuous  con- 
uctor;  and  all  the  electiicity  of  its  interior,  wiU, 
ccordmg  to  the  laws  of  electric  distribution,  ed- 
ict itself  on  the  cloud's  surface,  where  it  will  be 
?tained  by  the  pressure  of  the  ambient  air.  A 
^oi-m-cloud,  thus  formed,  ought  manifestly  to 
jntain  as  much  electricity  as  the  whole  mass  of 
ir  that  fmnished  its  vesicles  ;  so  that,  however 
:eble_the  general  atmospheric  tension  at  the 
me,  it  is  easy  to  see  that,  as  the  cloud  occupies 
large  space,  the  electricity  at  its  surface  may 
■qmre  an  enormous  tension,  and  be  prepared  to 
ike  part  in  the  stupendous  action  of  a  thunder- 
orm.    Clouds  formed  in  the  ordmary  state  of 
le  atmosphere  must  therefore  be  positively  elec- 
•ified,  and  vnR  continue  so  if  they  remain  at 
^3t.    Driven  onwards  by  the  wind,  they  lose 
leir  charge  during  their  course,  and  cease  to  be 
:orm-clouds.    (2.)  It  is  not  so  easy  to  appre- 
end  the  origin  of  the  negative  electricity  of 
cuds.     The  most  probable  cause  is  this  •_ 
ismg  directly  from  the  ground,  these  Clouds 
unsport  upwards  the  negative  ekctricity  of  the 
am.    It  IS  weU  known,  for  instance,  that  the 
lueous  mist  arising  at  cascades  is  negatively 
ectnfied ;  as  m  the  same  way,  the  spray  at  the 
iges  of  any  torrent.    Now  Saussure  proved,  by 
unerous  experiments,  that  mists  rising  from  the 
•ound  about  sunrise,  give  precisely  the  same  indi- 
tions;  and  he  concluded,  generally,  that  all 
ipours  formed  on  the  globe's  surf-ace  carrr  up  a 
.rt--greater  or  Icss-of  the  negative  electricity 
Hch  the  Earth usuallypossesses.  It  isnotimpro- 
ble,  also^  that  clouds  become  charged  negatively 
rough eflectoft»/?„ortWMc«m.  The  Earth 
elt,  tor  instance,  sometimes  becomes  positively 
arged  m  this  way,  by  agency  of  a  cloud  strongly 
ctrified  negatively;  and  there  Ls  no  reason  to 
Ueve  that  a  dense  cloud,  of  powerful  positive 
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tension,  may  not  act  similarly  by  distant  ac- 
tion on  another  cloud,  either  feebly  electrified 
or  not  electrified  at  all,  and  in  communication 
with  the  Earth.    The  positive  electricity  of  the 
latter  cloud  would,  in  such  a  case,  be  driven  off 
into  the  earth,  and  a  negative  charge  developed 
in  that  portion  of  it  nearest  the  former.  Should 
communication  with  the  Earth  now  be  cut  off, 
this  cloud  would  continue  in  a  negative  state. 
The  same  kind  of  action,  might  bring  about  simi- 
lar results,  as  follows : — The  Earth  always  ex- 
ercising a  negative  influence,  and  the  Atmosphere 
a  positive  influence,  on  Clouds,  any  one  of  these 
floating  near  the  Earth  must  be  much  more  ne- 
gatively inclined  in  its  upper  than  in  its  inferior 
portions ;  but  an  increase  of  temperature  might 
dissipate  its  lower  strata,  and  in  this  case  a 
cloud  electrified  purely  negatively  would  remain. 
--From  this  mode  of  the  formation,  alike  of  posi- 
tive and  negative  clouds,  it  may  be  inferred,  as 
a  general  conclusion,  that  the  condensation  of 
vapours  is  always  accompanied  by  an  evolution 
of  electricity,  and  that  ram  shoidd,  in  aU  cases, 
manifest  signs  of  it.   (3.)  Storm-clouds  are  found 
at  all  elevations.   Eocks  forming  the  culmmating 
points  of  the  loftiest  mountains  frequently  bear 
marks  of  fusion  and  vitrification  that  can  only  be 
attributed  to  lightning.    On  one  of  the  rocky 
pinnacles  of  Toluca,  which  project  15,000  feet 
above  the  level  of  the  sea,  Humboldt  records  that 
he  noticed  such  effects ;  and  Arago  informs  us, 
that  clouds  of  high  tension  have  been  discovered, 
26,660  feet  above  the  low  lands  of  the  temperate 
zone.  _  It  is  clear  that  they  attain  the  highest 
elevations,  since  electric  indications  so  frequently 
appear  among  the  cii-ri,  which,  as  we  have  seen, 
essentially  belong  to  the  regions  of  peipetual 
snow.      Generally  speakuag,   however,  these 
clouds  are  comparatively  low ;  the  situation  from 
which  thunder  proceeds,  sinking  to  the  distance 
of  5,000,  or  even  3,000  feet,  from  the  plain.  See 
Thunder-storm. 

(4.)  Clouds,  Colour  of.—lhe.  varied  and  eva- 
nescent colouring  of  the  clouds— depending  on 
the  relation  between  light  and  those  vesicles- 
has  not  yet  been  fidly  explamed  or  even 
closely  investigated.  A  few  special  remarks 
must  suffice  here.  It  is  pretty  evident  that  in 
all  orduaary  circumstances  the  red  rays  pass 
through  those  vesicles  with  greatest  facility,  and 
therefore  ui  greatest  abundance.  Hence  the  facts, 
that  when  the  air  is  filled  with  such  molecules, 
the  part  of  the  sky  below  the  sun  is  usually  of  a 
reddish  hue— and  that  after  sunset  the  region  of 
twilight  is  of  a  deep  carmine  colour.  In  winter 
in  our  latitudes,  this  redness  often  prevails 
.throughout  tlie  whole  day ;  and  in  summer,  when 
cirri  are  floating  about,  the  same  occurs  several 
hours  before  the  culmination  of  the  sun.  When 
on  the  contrary,  the  sky,  during  day,  is  deep  blue' 
the  twiliglit  presents  a  gorgeous  yellow,  or  gol- 
den tint.  Tlie  red  colouring  of  the  clouds  is 
connected  with  a  phenomenon  often  seen  in  momi- 
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tainous  regions,  called  the  rose-tint  of  tlie  Alps. 
This  occurs  chiefly  ■when  cumuli  or  cirro-cumuli 
are  floating  in  the  west :  the  bare  surfaces  of  the 
rocks  then  resemble  masses  of  incandescent  iron. 
The  cause  is,  that  reflected  red  rays  are  reaching  the 
ej'e  in  greatest  number,  and  these  red  rays  strike 
on  the  roclvs  from  which  they  are  reflected, 
after  passing  through  the  atmosphere.  See 
Weather. — Peltier  would  have  us  believe  that 
clouds  charged  with  negative  electricity  prefer 
the  shades  of  slate-gray  ;  while  white,  red,  and 
orange  coloured  clouds  are  positively  electrified — 
positions  which  as  yet  are  certainly  not  estab- 
lished. But  the  whole  subject  remains  in  a  crude 
state. — The  reader  is  referred  to  instructive  papers 
by  Professor  J.  D.  Forbes,  in  the  London  and 
Edinburgh  Philoso2Jhical  Journal. 

CoiTer-dniu.  A  contrivance  employed  in  the 
construction  of  bridges.  It  consists  merely  in 
a  double  row  of  piles  filled  up  between  with  sand 
and  earth,  and  suiTomiding  the  place  where  the 
piers  are  to  be  built.  It  is  intended  to  prevent 
the  disturbance  of  the  work  by  the  water. 

C!ohesion.  All  perceptible  bodies  are  sup- 
posed to  be  made  up  of  a  very  large  number  of 
smaller  bodies  or  atoms,  placed  side  by  side.  It 
is  evident,  however,  at  first  sight,  that  though 
this  supposition  accounts  for  a  body's  mere  exis- 
tence, it  does  not  account  for  the  various  phenomena 
resulting  when  force  is  applied  to  it.  Suppose  a 
piece  of  stone,  of  irregular  shape,  composed  of  a 
very  large  number  of  these  atoms;  when  the 
force  of  gravity  acts  upon  them,  those  not  at  the 
gromid,  or  vertically  above  the  particles  at  the 
ground,  would  fall,  if  the  stone  were  made  up  of 
a  mere  aggregation  of  particles.  Take  a  handful 
of  sand  and  attempt  to  shape  it  like  the  stone. 
It  is  found  to  be  impossible.  Yet  in  this  case, 
we  have  the  atoms  present  as  before,  and  they 
are  placed  near  one  another  as  before.  Moisten 
the  sand  with  some  water,  and  the  body  may  now 
be  moulded.  Why?  Gravity  will  not  now 
dismtegi-ate  the  mass.  For  what  reason? — 
"Wherever  no  motion  is  produced,  and  when  a 
certain  force  acts  upon  a  body,  one  conclusion 
is  inevitable,  that  a  force  equal  in'amount  to  the 
first,  must  be  acting  on  the  body  in  the  opposite 
direction.  Gravity  produces  no  effect  in  this  case, 
and  there  must  therefore  be  a  force  acting  opposite 
to  gravity,  holding  up  the  particles  of  the  body. 
If  we  apply  a  set  of  forces  equal  to  those  of 
gravity  in  the  case  of  the  dry  sand,  and  in  the 
contrary  direction,  we  shall  find  that  there  is 
a  similar  equilibrium;  and  we  infer  from  tliis  a 
force  equal  to  gravity,  and  in  the  Ime  of  its  direc- 
tion. Similar  forces  will  bo  found  acting  in 
every  direction,  and  they  may  bear  any  relation, 
according  as  the  body  diftere,  to  tlie  force  of 
gravity.  If  the  body  be  at  any  part  broader 
than  its  base,  then  the'forccs  wo  speak  of  must  be 
more  powerful  than  Gravity.  It  follows  then  that 
we  liave  in  certain  bodies,  forces  binding  their  con 
stituent  panicles  one  to  another,  preventing  sepai' 
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ation,  and  resisting  separating  forces  applied  in 
any  direction.  These  forces  are  termed  forces  of 
cohesion. — In  the  case  of  which  we  have  spoken, 
these  forces  acted  between  two  different  bodies. 
In  that  case  their  specific  name  is  adhesion.  See 
Adhesion.  It  is  a  kind  of  cohesion.  We  have 
no  physical  ground  for  supposing  any  difierence 
in  origin  or  natiu-e,  between  the  two  kinds  of 
forces.  Cohesion,  when  employed  as  a  specific 
name,  is  taken  to  signify  the  force  which  binds 
the  particles  of  the  same  substance,  one  to  the 
otlier.  Thus,  in  the  case  of  the  stone,  the  forces 
which  resist  its  disintegration,  acting  between  the 
same  kind  of  particles,  are  termed  cohesive  forces. 

There  are  three  pruicipal  conditions,  under  which 
bodies  are  found  to  exist.  These  are  the  solid, 
liquid,  and  gaseous.  These  states  depend  upon 
the  relative  amounts  of  the  force  of  cohesion  and 
the  force  of  heat.  The  latter  acts  as  a  power 
repeUing  the  particles  of  matter,  one  from  the 
other.  When,  therefore,  this  force  becomes 
greater  in  any  case  than  the  cohesive  force,  the 
body  in  question  melts,  and  then  volatilizes. 
In  the  solid  state,  the  excess  of  the  cohesive  over 
the  repulsive  forces,  is  sufiicient  to  counterbalance 
strains  tending  to  disintegi'ate  the  body.  In  the 
liquid  state,  the  cohesive  and  repidsive  are  con- 
sidered equal;  and  hence  the  force  of  gravity 
is  imbalanced,  and  liquids  always  sink  to  the 
lowest  possible  level.  In  the  case  of  gases  again, 
the  force  of  heat  is  supposed  to  be  greater  than 
that  of  cohesion,  and  the  particles  of  the  body 
fly  ofi^,  separating  from  one  another  with  con- 
siderable repulsive  force. — About  the  nature 
of  the  cohesive  force,  and  the  mode  of  its  opera- 
tion, nothing  at  all  positive  is  known.  One 
thing  only  appears,  that  it  acts  at  insensible  dis- 
tances, and  produces  no  eftect  in  the  majority  of 
cases,  until  the  particles  upon  -which  it  acts, 
are  brought  within  such  distances.  Probably 
there  is  a  positive  repidsive  force  acting  before 
this,  to  which,  when  its  results  are  most  e\-ident, 
we  give  the  name  of  Elasticity.  The  Avhole 
subject  is  involved  in  much  obscuritj-.  See 
Strength  of  Materials. 

Cold  is  merely  the  absence  or  negation  of 
heat.  Disputes  were  for  a  long  time  prevalent 
as  to  which  had  a  real  existence,  cold  or  heat,  if 
not  perhaps  both.  The  acceptance  of  the  theory, 
that  heat  is  not  matter,  finally  set  the  question 
at  rest. 

CoIIiinntEon,  Line  of.  A  very  important 
technical  term,  connected  with  the  use  of  Instal- 
ments, in  Practical  Astronomy  and  Geodesy.  In 
the  field  of  view  of  a  Telescope,  there  is  generally 
a  system  of  spider  threads,  placed, 
or  meant  to  be  placed,  exactly  in 
the  focus  of  the  object-glass  and 
eye-piece.  Viewed  through  the 
eye-piece,  they  present  an  appear- 
ance like  that  annexed,  viz.,  a  » 
central  vertical  line,  a  n,  with  an  equal  num- 
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of  others  equidistant  from  each  other,  on 
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h  side  of  it ;  and  a  central  horizontal  one,  c  n. 
,j\v,  if  line  ab  be  exactly  in  the  vertical  middle 
axis  of  the  telc&cope,  the  instrument  is  said 
le  collimated  verticall}';  and,  in  the  same  way, 
-  D  be  in  the  horizontal  middle  or  axis  of  the 
I  of  view,  the  instrument  is  said  to  be  correct 
to  horizontal  collimation.    But  as  neither  the 
nor  the  other  adjustment  is  ever  perfect,  there 
,  in  every  telescope — when  one  aims  at  the  last 
ictitude,  axiEiTor  of  Collimation,  which  must  be 
Aved  for  in  every  observation.   See  Coeeec- 


TioNS.  The  direction  and  amount  of  this  errof 
are  best  detected  by  the  use  of  the  subsidiaiy  in- 
struments named  Coli-imatoes. 

Colliiiiators,  Vertical  and  Horizontal.  Sub- 
sidiar}'  telescopes,  by  Avhose  aid,  the  vertical  and 
horizontal  collimation  errors  of  gi'eat  Astrono- 
mical Instruments,  are  now  universalh'  deter- 
mined. Their  nature  and  importance  will  appear 
by  aid  of  the  annexed  cut,  which  gives  a  side 
view  of  the  interior  of  the  transit  room  in  the 
Observatory  of  Glasgow.    The  central  figm-e  is 


e  large  Transit  circle  of  Ertel,  already  de- 
ribed ;  and  one  main  object  of  the  subsidiary 
struments  A  b  and  c  d,  is  to  assure  that  its  great 
iescope  be  vertically  and  horizontally  collimated. 
he  collimators  are  two  telescopes  of  considerable 
76,  placed  horizontally  on  the  tops  of  adjacent 
liars,  in  the  meridian  line.  It  will  be  seen  that 
ley  look  into  each  other — down  each  other's  throats 
-as  the  plirase  goes,  and  that  the  main  telescope 
m  look  into  both.  Suppose,  in  the  first  place, 
le  main  telescope  removed  or  lifted  up;  each 
illiraator  can  then  see  from  its  eye-piece,  not 
ily  its  own  sj^stem  of  spider  threads,  but  also 
le  system  or  diaphragm  in  the  focus  of  the 
her.  It  is  manifestly  easy  in  such  a  case  to 
Trect  both  vertical  and  horizontal  collimation, 
t  us  say,  of  telescope  a  n  ;  for  if  its  diaphragm 
t;  brought  into  coincidence  with  the  diaphragm 
f  c  p,  a  semi-revolution  made  in  its  wires,  ought 
ot,  if  there  be  no  collimate  en-or,  to  disturb  that 
^incidence.  If  the  coincidence  does  not  hold 
fter  this  semi-revolution,  tliere  is  error  in  the 
osition  of  the  diaphragm  of  ab  ;  and  it  must  be 
loved,  by  the  appropriate  screws,  until  it  shall 
a  found  to  retain  its  place  in  reference  to  the 
i.iphragm  of  c  d,  in  both  positions.  Exactly  in 
ic  same  manner  the  diaphragm  of  c  d  may  be 
'iTccted.  This  accomplished,  and  the  central 
.;rtical  wires  or  threads  of  the  two  diaphragms 
rought  into  absolute  contact,  the  main  telescope 
replaced,  and  the  observer  looks  through  it,  in 
iccession,  on  the  two  diaphragms  of  the  collinia- 
>rs.  On  looking  down  a  n,  the  central  vertical 
ucad  of  the  main  telescope  may  be  found  either 


to  coincide  with  the  central  vertical  wire  of  a  b, 
or  to  be  at  a  certain  distance,  let  us  say,  icest  of  it. 
If,  on  turning  the  telescope  round,  so  that  it  looks 
down  c  D,  its  central  thread  be  foimd,  in  the  former 
case,  coincident  with  the  central  thread  of  c  d,  or, 
in  the  latter  case,  at  the  same  distance,  east  of  it, 
there  is  no  error  of  vertical  collimation.  But  if 
these  conditions  are  not  fulfilled,  an  error  exists, 
and  must  be  either  corrected  mechanically  by  the 
screws  or  measm-ed  and  allowed  for.  The  Hori- 
zontal Collimation  error  of  telescope  may,  \)y  aid  of 
these  subsidiary  ones,  be  also  corrected ;  although 
this  requires  a  reversal  of  the  main  Instrument,  by 
the  aid  of  thelifting  machine. — To  the  Collimators, 
delicate  Levels  are  attached,  so  that  their  de\'ia- 
tion  from  absolute  horizontality  can  readily  be  de- 
tected. These  Collimators  also  enable  the  observer 
to  dispense  with  the  old  and  inconvenient  arrange- 
ment of  a  remote  meridian  mark.  Captain  Kater 
was  one  of  the  earliest  to  propose  the  use  of  Col- 
limators. One  of  his  devices  was,  a  vertical  one 
— or  a  small  telescope  kejit  vertical,  by  resting, 
on  a  float  in  mercurj'.  This  is  now  dispensed 
with,  cliiefly  through  the  extensive  use  of  two 
horizontal  Collimators,  and  of  Bohnenberger's 
method  of  fixing  the  nadu'  point  by  reflection. 
See  CiECLE. 

Colloflion.  A  solution  of  the  recently  dis- 
covered substance,  gun  cotton,  in  ether,  is  so 
named.  It  is  easilj-  prepared,  by  immersing  a 
greater  or  less  quantity,  according  to  the  vis- 
cidity of  the  required  solution,  of  common  gun 
cotton  in  a  mixture  of  one  part  of  alcoliol  and 
two  of  sulphuric  ether,     luoni  four  to  twelve 
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grains  of  cotton  to  the  ounce  of  this  mixture  wUI 
give  sufficient  range  of  viscidity  for  most  pur- 
poses. Collodion  has  cliicfly,  hitherto,  been  used 
in  Medicine  and  Surger}',  and  in  Photogi'apliy. 
It  forms  an  excellent  covering  and  protection  for 
woxmds,  more  especially  for  parts  from  Avhich  the 
skin  has  been  removed.  It  is  in  use  in  the  dis- 
secting-room as  a  protection,  in  the  case  of 
punctured  or  wounded  hands,  from  the  virus  of 
the  putrifylng  body.  It  also  acts  well  in  allay- 
ing pain  in  certain  kinds  of  burns  and  scalds,  and 
is  useful  as  a  styptic  in  arresting  bleeding.  In 
all  these  cases  it  acts,  by  the  rapid  evaporation 
of  the  solvent,  leaving  a  continuous  coating  of 
cotton  as  a  thin  but  air-tight  covering,  more 
closely  and  gently  applied  than  could  be  effected 
by  alinost  any  other  means.  Its  photogi'aphic 
uses  are  described  under  the  head  of — 

Collodion  Iodised.    The  iodide  of  silver, 
as  is  now  well  known,  possesses  the  remarkable 
property  of  being  rapidly  decomposed  by  light, 
and,  when  arranged  as  a  surface  on  which  the 
image  in  the  camera  obscura  is  thrown,  becomes 
the  most  valuable  of  all  photographic  agents. 
According  to  the  method  invented  by  Daguerre, 
and  lojown  by  his  name,  the  iodide  of  silver  is 
formed  at  once  as  a  thin  dry  film  on  the  surface 
of  a  silver  plate,  by  its  ex])osure  to  the  vapour 
of  iodine.    On  accoiint  of  the  expense  of  silver 
plates,  the  very  perishable  and  delicate  nature  of 
the  picture,  and  the  objectionable  glare  of  the 
metal,  it  becomes  desirable  to  obtain  the  sensitive 
coating  on  some  other  than  a  metallic  surface. 
This  Mr.  Talbot  and  others  have  admh-ably 
accomplished  on  paper  in  the  CalotyjDe,  for  an 
accoimt  of  which  the  reader  is  referred  to  the 
article  Calotype.  There  is,  however,  much  dif- 
ficulty in  getting  paper  sufficiently  uniform  in  its 
texture  to  produce  negatives  perfect  enough,  from 
which  to  print  the  pictures  by  the  second  part  of 
the  process.    For  this  reason  Sir  John  Herschel, 
several  years  ago,  tried  to  spread  the  coating  of 
iodide  of  silver  on  glass,  but  his  success  was  only 
very  limited,  on  account  of  the  difficulty  of  get- 
ting a  suitable  medium  wherewith  to  attach  the 
coating  to  the  glass,  so  as  to  enable  it  to  be  sub- 
jected to  the  processes  of  development  and  fixing. 
This  was  subsequently  done,  with  great  success, 
by  the  use  of  the  albumen  of  eggs,  and  the  re- 
sults were  most  admirable.    Certain  difficulties 
of  manipulation  prevented  the  albumen  process 
from  becoming  very  general,  more  particularly 
as  the  substitution  of  collodion  in  its  stead  at 
once  offered  greater  facilities— facilities,  indeed, 
so  great  and  important,  as  to  constitute  the  basis 
for  an  extension  of  the  photographic  art  to  a  de- 
gree formerly  untliought  of. 

Tlie  purpose  of  tliis,  necessarily  short,  article 
will  be  best  served  by  first  indicating  a  simple 
and  effective  mode  of  preparing  the  collodion — 
then  of  iodising  it— subsequently  relating  the 
steps  of  executing  the  plate,  developing  the  pic- 
lure,  and  fixing;  after  which,  some  of  the  causes 
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which  have  been  found,  by  the  writer,  to  be  the 
most  common  sources  of  failure  in  this  delicate 
though  simple  operation,  wiU  be  detailed.  To 
prepare  the  cotton,  take  of  strong  sulphuric  acid 
CO  parts,  by  measure,  of  nitric  acid,  30  parts,  of 
fuming  nitric  acid,  15  parts.    Mix  together,  and 
immerse  in  it  12  grains  of  Swedish  filter  paper, 
or  of  fine  cotton,  to  every  measured  quarter  of  an 
ounce  of  sulphuric  acid  in  the  mixture.  Allow 
the  paper  or  cotton  to  remain  in  the  acid  twenty 
minutes ;  then  remove  the  cotton  or  paper  by 
means  of  a  glass  rod,  and  wash  well  in  five  or 
six  waters  till  all  acid  taste  is  removed ;  dry  it 
in  a  heat  little  raised  above  that  of  the  air.  Care 
is  to  be  taken  that  the  fumes  from  the  acids  be 
avoided  by  the  operator,  as  they  initate  the  lungs. 
— Let  now  one  measure  of  alcohol  be  mixed  with 
five  of  sulphuric  ether,  and  add  to  each  ounce  four 
grains  of  the  prepared  cotton  or  paper,  which,  if  it 
has  been  properly  treated,  ought  to  dissolve  com- 
pletely in  a  few  minutes.  It  is  now  to  be  iodised  as 
follows  : — A  saturated  solution  of  iodide  of  potas- 
sium, in  alcohol,  is  to  be  made  and  filtered,  and 
added  to  the  collodion  in  the  proportion  of  two 
fluid  drachms  to  each  ounce  of  the  collodion. 
The  mixture  may  be  used  immediately;  or,  what 
is  perhaps  preferable,  it  may  be  allowed  to  stand 
for  a  day,  to  enable  the  sediment  to  subside ;  but 
it  should  not  be  forgotten  that,  day  hy  day,  it 
loses  somewhat  of  its  sensitiveness,  and  that,  in 
the  course  of  two  or  three  weeks,  it  becomes 
nearly  useless. — Supposing  now  that  the  glass 
plates  have  been  cut  to  the  size  of  the  recess 
in  the  camera  slide,  they  are  to  be  rubbed 
over  with  and  allowed  to  soak  in  a  mixture 
of  one  part  of  nitric  acid  and  six  of  water, 
and  aftenvards  well  washed  in  plain  watei-. 
and  dried  with  two  or  tliree  successive  bits  of 
cotton,  or  still  better,  of  linen  cloth,  until,  when 
well  breathed  on,  they  show  no  signs  of  strealcs  or 
marks.    The  dust  havmg  been  blown  from  the 
surface  of  the  glass,  the  comer  is  to  be  held  be- 
tween the  finger  and  thumb  of  the  left  hand, 
whOe  the  right  holds  the  bottle  and  pours  freely 
on  the  upper  level  surface  a  sufficient  quantity'  of 
the  iodised  collodion.    The  plate  is  to  be  gently 
inclined  from  side  to  side,  till  the  whole  surface  is 
covered,  after  which  all  that  will  nni  off  is  to  be 
poured  back  from  one  corner  into  the  bottle, 
taking  care  immediately  to  vary  the  direction  of 
tlie  vertical  lines  on  the  plate,  to  prevent  the 
ridgy  streaks  which  are  apt  to  happen  from  the 
running  collodion.  From  the  very  volatile  nature 
of  the  ether,  this  process  of  coating  the  plate 
ought  not  to  occupy  more  than  a  few  seconds. 

A  few  seconds  more  having  elapsed,  to  allow- 
of  the  partial  drA'ing  of  the  film  of  exquisitely  fino 
iodised  paper,  which  has  thus  been  spread  on  the 
plate,  it  is  now  to  be  immersed  in  the  silver  bath. 
For  this  part  of  the  processes,  as  well  as  those 
which  follow  the  exposure  in  the  camera,  dark- 
ness— except  the  somewhat  distant  light  of  a 
sinsle  candle — is  neccssarw    The  silver  bath  is 
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^solution,  of  the  strength  of  thirty  gi'ains  of 
r?stallized  nitrate  of  silver,  to  an  ounce  of  water 
iistilled  water  being  preferable),  as  much  of  the 
.:utioa  being  used  as  to  fill  a  giitta  percha  or 
vickery  ware  tray,  somewhat  bigger  than  the 
I'lte,  to  a  depth  of  an  eighth  of  an  inch.  One 
.•^e  of  the  plate  is  made  to  rest  on  the  bottom 
uthe  tray  at  one  end,  whUe  the  other  edge  rests 
ia  small  gutta  percha  hook  held  in  the  hand, 
ins  then,  steadily  and  without  stopping  or  hesi- 
i:ion,  allowed  to  descend  on  the  surface  of  the 
rs-er  solution  in  the  bath,  where  it  is  to  be  left 
1  half  a  minute,  when  it  is  to  be  steadily  lifted 
:  to  its  edge  again  for  a  few  seconds,  to  allow 
tithe  evaporation  of  the  ether;  after  which  it 
lagain  lowered  down  for  another  half  minute  or 
1  and  this  repeated  till  the  coating  of  iodide  of 
.^ver  appears  fiat,  and  perfectly  free  from  all 
1 5^  looking  markiugs.  It  is  now  to  be  lifted 
;  mi  the  bath,  the  drops  of  silver  solution  hang- 
?  to  the  border  wiped  away  by  blotting-paper, 
:  d  it  is  ready  for  the  camera  slide.  The  time 
exposure  will  depend  on  the  strength  of  the 
■Jit,  and  on  the  exposed  aperture,  and  the  length 
focus  of  the  lens.  Experience  alone  can  enable 
3  operator  to  judge  of  this,  periods  of  fi-om  one 
-ond  to  five  or  ten  minutes  being  required  for 
■^ferent  ckciimstances. 

liThe  surface  of  the  plate,  when  removed  from 
e  slide,  shows  no  appearance  of  a  picture;  only 
incipient  reduction  of  the  iodide  to  the  state 
imetaUic  silver  has  taken  place,  and  this  must 
^further  continued,  by  the  application  of  what 
.3aUed  the  developing  or  reducing  solution.  Two 
i  .iins  of  crystallized  pyro-gallic  acid,  dissolved 
t  an  ounce  of  water  and  ten  drops  of  the  silver 
;  both  added  before  using — forms  an  excellent 
'/eloper.    It  is  to  be  poured  on,  and,  by  a  mo- 
n  of  the  plate,  quickly  spread  over  the  surface, 
I  len,  almost  immediately,  the  highest  lights  of 
J  picture  will  appear  as  dark  marks,  and  gra- 
ally  the  other  parts  will  show  themselves, 
hen  they  are  judged  to  have  sufficiently  come 
t,  the  plate  is  to  be  held  under  a  stream  of 
.ter  and  Avell  washed,  after  which  it  may  be 
ten  to  the  light  and  fixed,  by  pouring  over  it 
olution  of  cyanide  of  potassium,  of  the  strength 
twelve  grains  to  an  ounce  of  water.  This 
ickly  dissolves  the  unreduced  coating  of  iodide 
silver,  and  leaves  only  the  pure  silver  forming 
i  lights  of  the  picture.   The  plate  is  then  to  be 
ickly  and  thoroughly  washed  in  a  stream  of 
ter,  allowed  to  dry,  and  afterwards  protected 
■  passmg  over  it  a  varnish,  composed  of  amber 
solved  in  chloroform,  or  a  saturated  solution  of 
m  damer  in  naphtha.    Another  developing 
ution  IS  composed  of  eight  grains  of  sulphate 
iron  dissolved  in  an  ounce  of  water,  and  two 
>ps  of  nitric  acid  added,  and  half  a  drachm  of 
tic  acid,  and  half  a  drachm  of  alcohol.  The 
>  of  the  acetic  acid  and  the  alcohol  being 
efly  to  enable  the  iron  solution  to  flow  freely 
;r  the  surface  of  the  plate,  and  thus  to  pre- 
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vent  unequal  actions  giving  rise  to  stains,  a 
greater  quantity  can  be  added  according  to  the 
necessities  of  the  case. 

If  it  is  requu-ed  that  these  pictures  should  be 
intense  enough  to  print  from — that  is,  if  the 
lights  must  be  sufficiently  opaque  to  pi'otect  a 
piece  of  sensitive  paper  placed  behind  them  from 
the  light,  so  as  to  give  a  print  of  the  picture — 
the  exposure  in  the  camera  must  be  considerably 
prolonged;   also,  it  is  generally  necessary  to 
thicken  the  deposits  on  the  plate,  which  may  bo 
done  by  first  making  a  thoroughly  saturated 
solution  of  coiTosive  sublimate  in  strong  mm-iatic 
acid,  mixing  it  with  seven  tunes  its  bulk  of 
water,  and  poiuing  it  over  the  plate  whUe  still 
moist  after  the  washing  from  the  cyanide  solu- 
tion, allowing  the  corrosive  sublimate  to  remain 
on  it  till  a  dead  whiteness  spreads  over  the  lights, 
then  washing  under  a  very  gentle  and  small 
stream  of  water  made  to  spread  over  the  surface. 
Great  care  is  now  necessary,  as  the  film  is  ren- 
dered exceedingly  tender  and  liable  to  be  torn. 
When  it  is  thoroughly  washed,  a  solution  of  five 
grains  of  iodide  of  potassium  to  an  ounce  of 
water,  is  to  be  poured  out  in  sufficient  quantity 
to  cover  it,  or  a  saturated  solution  of  hydrosul- 
phuret  of  ammonia,  which  greatly  increases  the 
opacity  of  the  film,  and  in  the  high  lights  ren- 
ders it  perfectly  black,  so  as  to  answer  the  pur- 
poses of  a  negative  in  printing.    It  is  now  to  be 
carefully  washed,  dried,  and  varnished,  before 
being  used  for  printing.    The  process  of  printing 
is  the  same  as  detailed  in  the  article  Calotype. 
The  usual  causes  of  failure  in  the  Collodion  pro- 
cess are  as  follow: — Imperfectly  cleaned  glasses  ; 
hurrymg  the  plate  out  of  the  silver  bath  before 
the  greasy  -  looking  marks  have  disappeared; 
want  of  speed  and  completeness  in  spreading  on 
the  developing  solution ;  allowing  the  silver  solu- 
tion, which  has  run  doTO  and  accumulated  on 
the  lower  edge  of  the  plate  during  the  exposure 
in  the  camera,  to  rim  back  on  the  plate  before 
the  developing  solution  has  spread  over  it,  thus 
preventmg  the  equable  development.     If  the 
collodion  be  pure  and  moderately  new — the  silver 
bath  slightly  acid,  by  the  addition  of  a  fraction 
of  a  drop  of  nitric  acid,  rather  than  alkaline — 
this  beautiful  process  is  most  certain  in  its  re- 
sults. 

Colours.  This  article  is  set  apart  for  con- 
sideration of  one  of  the  most  obscure  and  per- 
plexing subjects  in  theoretical  or  speculative 
Optics,  viz.,  the  colour  of  natural  bodies.  But 
two  remarks  require,  for  the  sake  of  distinctness, 
to  be  premised. — (1.)  Decomposition  of  the 
solar  ray  by  refraction,  sliows  the  white  beam 
resolved  into  seven  different  simple  beams  or 
primary  colours,  viz. :  the  violet,  indigo,  blue, 
(jreen,  yelloto,  oranr/e,  and  red  rays.  Tlio  reader 
will  find  all  proposed  analyses  of  tho  solar 
beam,  discussed  under  Spectrum.  Further, 
lifjht  and  colour  have  for  their  efficient  cause 
tho  vibrations  more  or  less  frequent— although 
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always  inconceivably  vapid— of  an  extremely 
subtle  and  extremely  elastic  fluid  or  ether;  an  ether 
whose  density  is  evanescent,  and  its  elasticity 
infinitely  great.  The  different  prismatic  col- 
ours, regarded  apart,  result  from  undulations  of 
the  ethereal  fluid,  of  diflcrent  lengths.  And 
colours  are  simple  or  composite,  according  as 
they  originate  in  the  superposition  of  identical 
or  difierent  undulatory  movements.  Compare 
Light  and  UNDur.ATioNS.  —  (2.)  A  distinc- 
tion must  be  made  among  what  we  term  the 
colours  of  external  objects  :  the  phenomena  of 
permanent  colours  which  form  the  subject  of  this 
article,  must  not  be  confounded  with  colours  that 
are  accidental  and  variable.  Of  the  latter  class  of 
colours,  there  are  three  chief  sources,  viz.,  refrac- 
tion and  dispersion,  as  in  the  case  of  the  rain- 
bow, the  spectrum,  cut  diamond,  &c. ;  diffrac- 
tion, which  bestows  on  the  feathers  of  birds  their 
exquisite  shades,  on  the  agate  its  brilliant  reflec- 
tion, and  extracts  from  finely  striated  suifaces 
their  magnificent  net- work  ;  and  interference,  to 
wjiich  are  owing,  in  an  infinite  variety  of  ordi- 
nary circumstances,  the  production  of  the  colours 
of  thin  plates.  (Compare  these  articles.)  The 
permanent  colour  of  a  bod}'-,  on  the  other  hand, 
seems  to  belong  to  the  body  itself.  It  is 
wholly  independent  of  its  shape,  and  appears  as 
inseparable  from  its  nature,  as  its  density  or  any 
other  essential  physical  attribute. — The  doctrine 
set  forth  by  Newton  regarding  the  cause  of  the 
colour  of  natiu'al  bodies,  is  extremely  artificial 
and  defective.  Lie  considered  it  a  case  of  what 
is  now  called  interference ;  ranging  it  under  tlie 
category  of  tliin  plates  (g'.f .) :  a  theory  which, 
under  aU  its  phases,  as  elaborately  developed  by 
M.  Biot,  has  received  a  masterly  refutation  at 
the  hands  of  Sir  David  Brewster.  This  latter 
philosopher,  however,  influenced  probably  by  his 
early  partialities  towards  the  now  almost  aban- 
doned doctrine  of  emission,  (see  Light)  appeared 
inclined  to  refer  the  phenomena  in  question  to 
absorption,  the  designation  of  a  department  of 
optics  which  Sir  David's  long  and  fruitful  labours 
have  marvellously  enriched.  The  notion  that  ab- 
sorption is  the  cause  of  the  permanent  colour  of 
bodies  is  still  the  common  one ;  and,  in  extenso,  it 
is  as  follows  : — "A  ray  of  light,  which  ive  have 
seen,  is  rather  a  sheaf  of  rays  falling  upon  a  body, 
— that  body,  because  of  its  inherent  qualities, 
takes  in,  or  absorbs,  a  jiortion  of  the  sheaf,  and 
sends  away  or  reflects  the  rest  of  it.  But  as  the 
reflected  portion  alone  meets  the  eye,  and  as  that 
portion  must  be  coloured,  the  eye  attributes  to 
the  body  the  colour  appertaining  to  that  reflected 
portion."  Since  this  proposed  explanation  as- 
sumes an  occult  cause  or  power,  on  the  part  of 
each  body,  to  accept  a  part  of  tlie  incident  sheaf 
of  rays,  and  to  reject  or  reflect  the  other  part, — 
it  is  "clear  that  no  supporter  of  it,  is  entitled  to 
object  to  any  other  explanation,  on  the  mere 
ground  tliat  peculiar  and  yet  not-understood 
action  on  the  part  of  the  coloured  body,  is 
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assumed  in  it  likewise — The  subject  can  be 
rightly  entered  on,  in  one  way  only.  Is  the  ligM 
which  gives  us  the  sensation  of  the  colour  of 
bodies,  EEFi.ECTED  LIGHT  ?  And  as  all  surfaces 
reflect  light  in  so  far,  can  we  separate  the  light 
they  reflect,  from  the  light  which  induces  us  to  say 
that  they  are  of  such  and  such  a  colour  ?  Until 
these  and  similar  questions  are  definitely  an- 
swered, the  doctrine  of  absorption  can  only  be 
held  as  a  re-statement,  in  diflicult  words,  of  the 
fivct,  that  natural  bodies  are  coloured.  The 
classic  memoir  on  one  portion  of  this  inquir)'  will 
alwaj'S  be  that  one  of  the  remarkable  QErsted. 
Having  shown  first,  that  all  bodies  have,  in  a 
certain  sense,  the  property  of  mirrors,  he  proves 
that  their  muTor-action  has  nothing  whatever 
to  do,  in  producing  the  sensation  of  colour  which 
any  body  transmits.  Whatever  the  nature  of 
the  surface,  the  images  produced  by  it,  and 
which  are  due  to  reflection,  have  no  colour :  or  if 
a  shade  of  colom*  tinges  these  images,  that  is 
owing  entirely  to  the  immediate  proximity  of 
the  coloured  body, — just  as,  in  a  room  with 
green  hangings,  the  complexion  is  affected.  The 
light  to  which  colour  is  owing,  OErsted  considers 
due  to,  what  he  termed  a  decomposing  reflection 
— sometluug  quite  different  from  anythuig  de- 
pending on  more  or  less  imperfect  miiTor-action. 
We  are  conducted  onward  an  important  step,  by 
the  researches  of  Benedict  Prevost.  This  ingeni- 
ous inquirer  appears  to  establish,  by  no  recon- 
dite process,  that  the  phenomena  of  the  colour 
of  bodies  is  not  due  to  any  refection  of  light,  but 
to  a  radiation,  so  to  speak,  on  the  part  of  the 
bodies  themselves :  in  other  words,  a  substance 
on  which  light  falls,  does  not  accept  one  part  of 
the  sheaf,  and  reject  the  rest;  it  reflects  the 
whole  according  to  its  ability,  but  the  incidence 
of  the  ray  originates  a  power  in  the  body  itself 
to  become  the  source  and  centre  of  peciUiar  and 
therefore  coloured  undulations.  Eegular  reflec- 
tion could  not  produce,  in  regard  to  colour,  any 
phenomenon  not  analogous  to  the  echo  in  sound, 
which  is  heard  only  at  a  determinate  point. 
But  besides  the  echo,  there  is  a  resoiuiance  of  the 
body  itself,  which  is  thrown  into  vibration  by 
communication  of  motion— a  resonnance  heai^ 
on  all  sides  of  it.  The  permanent  colours  of 
bodies  are,  according  to  Prevost,  the  result  of  a 
luminous  resonnance.  Neither  Prevost  nor  Oer- 
sted, however,  was  able  to  bestow  on  these  opinions 
that  definiteness  in  which  all  satisfactorj-  inquiry 
should  terminate.  Numeri  onmia  regunt.  This 
was  reserved  for  Arago.  Partly  by  himself,  partly 
by  our  own  celebrated  jihysicist,  the  laws  of  the 
polarization  of  light  (see  Polarization)  had  long 
been  establislied ;  and  especially  that  essential 
difference  pointed  oiit,  between  light  polarized  by 
KEFLECTtox  and  light  polarized  by  kefuactioS. 
Now  Arago  had  for  some  time  recognized,  that 
between  light  arising  from  incandescent  solids, 
and  from  gases,  there  is  a  wide  separation. 
Light  reaching  us  from  incandescent  solids  is 
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rarized  by  refraction,  proving  that  it  emanates 
the  interior  beds  or  strata  of  the  solid  body ; 
ifile  that  reaching  us  from  inflamed  gases  is 
polarized  at  all.  On  this  ground,  Arago 
iblished  physically  the  correctness  of  Sir 
fflliam  Herschell's  idea,  that  the  light  of  the 
(  originates  in  a  brilliant  gaseons  photosphere : 
t  the  same  use  of  his  polariscope  has  evolved 
ihlts  not  less  remarkable  concerning  the  origin 
flthe  colours  of  natural  bodies.  If  a  sheaf  of 
itite  rays  falls  on  a  polished  white  surface,  the 
fiface  thus  illuminated,  sends  to  the  eye,  light 
rtwo  entirely  different  conditions.  Looked  at 
ider  a  certain  angle,  the  light  comes  as  if  from 
mirror ;  seen  from  any  other  point,  the  white 
lifat  is  duU,  and  as  if  dispersed.  Now  what  is 
5  3  duU  and  dispersed  white  light  ?  Is  it  part 
lithe  ordinary  beam,  broken  into  shivers  by  the 
llltitude  of  small  irregular  reflecting  points  on 
s  surface  of  the  body,  or  is  its  origin  different? 
c  course,  the  main  point  to  be  ascertained  was 
s-s — does  that  duU  white  light  come  from  the 
'fiface,  or  from  some  interior  portion  of  the 
itute  body?  Now,  when  these  two  lights  are 
ilalyzed  by  the  polariscope,  they  are  found  to 
oppositely  polarized, — the  former  polarized 
r  reflection,  the  latter  by  refraction,  and  there- 
te  certainly  arising  from  the  interior  of  the 
•)iovTed  body.  But  what  is  the  origin  of  this 
rjracted  mass  of  light  ?  Is  it  portion  of  the 
icideut  ray,  which,  after  penetrating  to  a  cer- 
a  n  distance  within  the  mass  of  the  body,  then 
aerges;  or,  has  it  been  evolved  or  generated 
Hhin  the  body  itself  f  The  latter  is  the  fact ; 
!  d  Arago  thus  demonstrates  it.  On  iUuminat- 
5  a  disc  of  white  or  opal  glass,  by  a  beam 
larized  in  one  special  plane,  he  found  that  the 
■iy  thus  illuminated  sent  to  his  polariscope 
;ht  polarized  in  the  opposite  plane.  The  light, 
t«refore,  which  emanates  from  coloured  bodies 
Knot  part  of  the  light  that  falls  upon  them,  but 
meihing  generated  within  the  bodies  themselves. 
Q  ingenious  experiment,  lately  reported  by 
.  Botzenhart  of  Vienna,  confinns  these  con- 
asions  of  Arago.  By  aid  of  the  dichroscopic 
Ds  of  Haidinger,  Botzenhart  separated  the  two 
jages  of  the  body— the  one  arising  from  ordi- 

iry  reflection ;  the  other  being  due  to  colour  

le  white  image  is  always  polarized  in  the  plane 

■  the  incidence  of  the  ray ;  the  coloured  image 
the  plane  at  right  angles  to  it.  Botzenhart, 

though  in  so  far  anticipated  by  Arago,  infers 
le  following  propositions.  (1.)  The  white  light 
hich  illuminates  bodies  is  reflected  wiiitb. 
;.)  The  coloured  light  that  reaches  us  from 
itural  bodies  does  not  come  from  their  surfaces, 
it  from  their  interior — having  undergone  an 
'.fual  refraction.  The  second  of  these  proposi- 
ons  had  been  previously  established  by  Arago. 
he  critical  facts  thus  satisfactorily  established, 
remains  to  ascertain  whether  and  how  fur 
'.ey  can  be  brought  within  the  range  of  any 

■  llie  accepted  theories  of  light  ?    Protected  by 
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a  certain  reservation,  we  shall  endeavour  to 
express  the  amount  of  this  apparent  coincidence. 
The  true  author  of  the  modern  theory  of  colours 
is  that  great  and  comprehensive  genius — Euler. 
It  may  be  summarily  expressed  as  follows. 
Since  it  is  certain  that  any  noise  will  make  the 
chords  of  a  hai-psichord  vibrate  and  emit  a  clear 
note ;  so  the  same  thing  may  occur  with  refer- 
ence to  the  objects  of  sight.  Coloured  objects 
are  like  the  strings  of  a  harpsichord,  and  their 
different  colours  resemble  those  sounds,  some- 
times grave,  sometimes  acute.  The  light  to 
which  bodies  are  exposed  is  analogous  to  an 
external  sound  affecting  a  harp ;  and  exactly  as 
this  sound  acts  upon  the  strings  of  the  harp 
the  light  of  an  illuminated  bodj'  may  be  sup- 
posed to  act  on  the  luminiferous  medium  ivithin 
another  bodj',  and  cause  it  to  send  forth  its  own, 
or  peculiar  vibration.  As  already  confessed,  au 
occult  or  not  understood  cause  is  presumed  by 
this  explanation,  viz. :  that  the  luminiferous 
ether  within  different  bodies  is  in  various  condi- 
tions of  tension, — conditions  that  render  it  most 
susceptible  of  a  special  kind  of  vibration  within 
each  separate  body.  But  the  force  of  the  objec- 
tion holds  against  every  theory  of  natural  colour ; 
and  this  one  has  the  advantage  of  quadrating 
mth  the  exacter  inquiries  of  OErsted,  Prevost, 
and  Arago.  Still  fm-ther :  while  light  falls  on  a 
body  and  puts  its  ethereal  molecules,  or  rather 
the  ethereal  medium  within  it,  into  vibration, 
the  incident  ray  likewise  is  subjected  to  a  sort 
of  reaction  on  the  part  of  the  body  which  mani- 
fests itself  under  singular  modifications.  The 
primitive  ray  even  when  white,  is  not  only,  as  if 
metamorphosed  into  a  coloured  ray;  but  this 
coloured  ray  becomes  discontinuous — streaked  by 
dark  bands,  at  the  points  of  its  maximum  and 
minimum  intensities.  The  facts  of  this  singu- 
lar change  were  brought  to  light  chiefly  by 
Sir  David  Brewster,  and  will  be  noticed  at 
length  under  Feauenhofer's  Lines.  But 
it  is  to  M.  Ermann  and  Baron  von  Wrede  that 
we  owe  the  explanation  of  these,  and  their  easy 
deduction  from  the  foregoing  theory  of  colours. 
The  student  who  would  go  to  the  root  of  this  sub- 
ject is  especially  referi-ed  to  a  paper  by  the  latter 
eminent  inquirer,  reproduced  in  Taylor's  Scientific 
Memoirs.  He  wiU  find  there  how  all  those  dark 
bands,  everj^  shade  of  colour,  and  the  most  com- 
plete transparency  or  opacity,  may  be  supposed 
to  spring  from  one  source — a  special  description 
of  interference,  or  of  retardation  undergone  by 
certain  series  of  the  undulations,  propagated  by 
bodies,  when  they  originate  the  appearances  of 
which  we  have  now  been  treating. 

Coluiii's,  Accidental,  ok  Subjective.  An 
extensive  class  of  relations  in  which  tlic  observer 
stands  to  tlie  y)henomqna  of  colour,  l)ecause  of 
peculiarities  in,  or  re-action  of,  the  visual  organ. 
On  several  of  these,  remarks  will  be  found 
under  Daltonism,  Eye,  IniiADiATioN.  At 
present  we  shall  notice  the  phenomena  of  acci- 
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dental  colours  properly  so  called,  or  those  purely 
subjective  sensations  of  colour,  which  the  contem- 
plation of  actually  coloured  Ijodios  often  brings 
along  with  it.  There  are  two  chief  classes  of 
these.  (1.)  Sensations  following  on  the  steady 
contemplation  of  coloured  objects.  Place  a  coloured 
object  on  a  blaclc  ground,  and  loolt  at  it  atten- 
tively. Its  colour  soon  begins  to  fade  gradually. 
Then  turn  the  eye  suddenly  to  a  sheet  of  white 
paper:  immediately  a«  image  of  the  object  will 
appear,  of  the  colour  complementary  to  that  of  the 
oriyinal  object.  In  other  words  the  contempla- 
tion of  a  red  object  will  give  rise  to  a  green 
image;  a  lohite  object  has  a  blach  image;  a 
yellow  or  blue  one,  a  violet  or  orange  image ;  and 
vice  versa.  All  such  images  remain  visible  for 
some  time ;  both  their  intensity  and  duration 
depending  on  the  length  of  time  during  which 
the  eye  was  fixed  on  the  object  itself.  The 
exact  laws  of  tlie  phenomenon  are  as  follow : — 
As  soon  as  the  retina  ceases  to  be  excited  directly 
by  the  coloured  object,  there  occurs— ;^r.s«,  the 
persistence  for  a  very  short  time,  of  the  primitive 
impression ;  secondly,  the  apparition  of  the  acci- 
dental image;  and  thirdly,  successive  appear- 
ances and  disappearances,  more  or  less  numerous, 
of  the  accidental  image ;  and,  in  certain  cases, 
alternating  apparitions  of  the  primitive  impres- 
sion and  of  the  accidental  image.  (2.)  The 
second  class  of  accidental  or  subjective  colours 
may  be  termed  the  simultaneous  class.  The  ap- 
pearances just  referred  to  consist  of  images  suc- 
ceeding the  contemplation  of  coloured  objects; 
but  experience  proves  that,  even  during  that  con- 
templation, there  is  another  curious  order  of 
phenomena,  also  manifesting  complementary 
colours.  It  was  remarked  by  Buffon,  for  in- 
stance, that  if  one  looks  long  on  a  coloured  object 
placed  on  a  white  ground,  colours  rapidly  de- 
velop themselves  around  the  edges  of  the  object, 
of  the  same  shade  as  the  accidental  image  already 
.spoken  of.  Rumford  showed,  too,  that  if  a  sha- 
dow is  produced  within  coloured  light,  the  colour 
of  the  shadow  is  complementary  to  that  of  the 
light ;  that  is  to  say,  if  a  sheet  of  paper  be  illu- 
minated by  a  green  light,  a  body  illuminated  by 
white  light,  and  interposed  between  the  paper 
and  the  source  of  the  green  light,  will  cast  on  the 
paper  a  red  shadow.  Other  curious  similar 
phenomena  have  been  noticed  by  various  ob- 
servers. Tlie  general  law  of  these  simultaneous 
subjective  colours  is  as  follows  :— When  we  look, 
directly  or  indirectly,  at  a  coloured  space,  there 
is  developed  around  the  edges  of  that  space  a 
considerable  breadth  of  the  complementary  colour, 
of  greater  or  less  intensity;  which  intensity,  how- 
ever, gradually  diminishes  as  its  distance  from 
the  object  diminishes.  (Black  and  white,  in  all 
these  cases,  rank  as  cemplementary  colours.) 
And  if  two  coloured  spaces  or  objects  are  near 
each  other,  they  seem  to  ho-vas. reciprocal  action; 
regard  being  had  to  the  size  and  brightness  of 
each.    Minute  details  may  thus  be  summed  up  : 
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At  a  distance  from  the  edge  of  the  coloured  ob- 
ject we  find— a  slight  prolongation  of  the 
actual  impression;  secondly,  beyond  this  pro- 
longation, extending  to  a  considerable  distance, 
the  development  of  the  accidental  colour ;  and 
thirdly,  in  certain  circumstances,  beyond  the 
space  occupied  by  the  accidental  colour,  a  new 
development  of  the  actual  colour  of  the  object. 
— The  explanation  generally  adopted,  regarding 
the  first  class  of  plienomena,  is  that  of  LI. 
ScherfFer.  It  presumes  that  the  continued  action 
of  rays  of  a  certain  colour,  on  the  retina,  enfeebles 
its  sensibility  to  these  rays ;  so  that,  on  the  eye 
being  directed  to  a  white  surface,  the  part  of  the 
retina  aflfected,  receives  an  impression  from  the 
other  rays  only,  or  from  the  complementary  part 
of  the  white  beam.  M.  Plateau,  in  an  exceed- 
ingly interesting  memoir,  has  attempted  to  refer 
both  classes  to  the  same  physiological  principle. 
According  to  him,  \hQ persistence  of  the  primitive 
impression,  as  well  as  the  accidental  colours  of 
the  Jirst  class,  constitute  the  transition  of  a  por- 
tion of  the  retina  from  an  excited  to  its  normal 
state,  the  transition  being  considered  in  reference 
to  the  time  required  to  accomplish  it ;  while 
irradiation,  and  accidental  colours  of  the  second 
class,  constitute  or  mark  the  same  transition,  as 
taking  place  in  sjjace — the  transition  between  the 
actually  excited  portion  of  the  rethia  and  tliat 
which  is  in  repose. 

Colours,  Complementary.  —  If  two  colours 
make  up  white  when  they  are  mixed,  the  one  is 
said  to  be  complementary  to  the  other.  Black 
and  white,  light  and  darkness,  are  also  held  as 
mutually  complementary. 

Columba  Noachi.  A  southern  constella- 
tion,— one  of  those  named  in  modem  times.  It 
has  no  stars  above  the  thurd  magnitude. 

Colurcs.  Two  great  circles  of  the  Sphere, 
or  rather,  two  pairs  of  semicircles.  If  a  great 
circle  be  supposed  to  pass  through  the  pole  of 
the  Earth  and  the  pole  of  the  Ecliptic,  it  will 
pass  also  through  the  pouits  at  which  the  Sun 
has  the  gi-eatest  North  and  South  Decimation  : 
the  halves  of  this  great  circle — the  one  passing 
through  the  tropic  of  Cancer,  the  other  through 
the  tropic  of  Capricorn — ai-e  the  Solstitial  Cohtres. 
The  otiicr  great  circle  passes  through  the  equi- 
noctial points ;  and  its  halves  are  the  equinoctial 
colures. 

Conin  Berenices  (77a/?'  of  Berenice),  a  con- 
stellation in  the  northern  hemisphere.  It  is  not 
one  of  the  more  ancient,  possessing  no  large  stars. 
Tycho  first  gave  it  a  distinct  place  in  the  sky. 

Conibiimtioiis.     See  Permutations  and 

PnOnABILITIKS. 

Coinbiisiion.    See  Heat. 

Comets.  An  extraordinary  class  of  cosniical 
meteors,  some  of  which  arc  at  present  connected 
with  our  planetary  system ;  the  greater  number 
being  known  to  us  only  because  they  traverse 
that  portion  of  space  within  which  our  system 
lies.    A  Comet,  as  it  usually  appears,  consists 
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I  a  nucleus  more  or  less  bright,  environed  by 
nnebulous  atmosphere  or  chevelure,  and.  at- 
flded  by  a  still  fainter  nebidosity  or  tail, 
itching  out  linearly,  often  through  an  im- 
ise  distance.  The  nucleus  or  the  head  of  the 
met,  notwithstanding  its  aspect  of  comparative 
idity,  is  itself  altogether  nebulous;  for  the 
cope  dissipates  every  trace  of  a  solid  mass, 
Id  clusters  of  small  stars,  which  even  a  cloud 
ould  have  obscm-ed,  have  been  seen  through 
J  heart  of  it.  The  shapes  of  these  singular 
iteors  do  not,  however,  always  conform  to  the 
epgoing  type.  At  times  they  appear  with 
eral  tails  ;  in  some  cases  there  is  no  tail  pro- 
Wy  so  called,  only  the  nucleus  is  not  quite 
aoametrically  placed  within  the  chevelure ;  and 
oother  Instances  they  present  a  mere  nebulosity, 
Ikh  no  trace  of  a  nucleus.  It  is  unnecessary  to 
mark  how  strongly  these  bodies  ai-e  contrasted 
tth  the  organized  planets  of  our  system.  Nei- 
ra:  is  it  astonishing  that  their  imwonted  aspects 
li  unexpected  apparition,  caused  them  to 
aiupy,  for  many  centuries,  the  place  of  portents. 
eience  has  now  dissipated  all  such  delusions ; 

although  much  concerning  the  plwsical 
sistitution  of  Comets  continues  unknown,  we 
neady  have  recognized  their  subjection  to  cer- 
J  n  great  and  definite  Laws  of  the  Universe ; 
li  can  welcome  them,  besides,  as  instruments 
sl.ely  to  enable  us  to  attack  successfidly  certain 
mmentous  cosmical  problems  that  could  not  be 
ciched  without  them.  We  shall  arrange  -P'hat 
b  have  to  say  in  detail  regarding  Comets  imder 
e«ee  distinct  heads  : — 

'.^1.)  Comets,  Motions,  Periods,  and  Numbers  of, 
,[t  is  now  thoroughly  established  that,  eiTatic 
lugh  these  singular  bodies  appear,  they  are, 
^.all  their  motions— in  the  neighbourhood  of  our 
liar  System,  at  least — governed  by  that  same 
1  of  gravitation  which  controls  the  planets 
they  revolve  around  the  Sun.  Newton's 
nal  discovery — that  a  body  obeying  this  law 
ght  move  either  in  an  ellipse  of  whatever 
entricily,  or  in  any  other  conic  section — doubt- 
3  awakened  in  the  mind  of  his  devoted  fol- 
Tcr,  Dr.  Halley,  that  o /jnw-i  suspicion,  which 
ulted  m  the  famous  prediction,  that  the  Comet, 
htly  bearing  his  name,  would  be  found  to  re- 
ve  around  the  Sun,  in  an  ellipse,  in  a  period 

75  or  76  years.    Apart  from  his  conviction  of 
realllij  of  that  principle  of  Order,  which  his 

>;strious  friend  and  teacher  had  detected  amid 
great,  actual,  and  the  still  greater,  possible, 
iety  of  planetary  motions,   Ilalley  would 
rcely  have  ventured  to  infer— even  from  the 
■  king  correspondence  of  eariier  records  with 
phenomena  he  saw— that  the  capricious 
-eor  under  his  own  inst)ection,  and  those  which 
i  arrested  former  observers,  were  one  and  tlie 
le:  certainly  he  would  not  have  hazarded 
prophecy  that,  after  the  lapse  of  another  75 

76  years,  this  Comet  would  return.  The 
ir  in  which  this  body  appeared  to  llalley  and 

M 


COM 

his  contemporaries  was  1G82.    Flamsteed  con- 
joined to  his  other  eminent  services,  that  of  care- 
fully determining  the  Comet's  places ;  and  it 
was  the  remarkable  correspondence  of  parabolic 
elements,  as  afforded  hy  these  places,  with  the 
similar  elements  of  the  meteors  that  distinguished 
the  years  1531  and  1607,  which  led  Halley  to 
the  conclusion  that  "  the  Comets  of  those  three 
years — viz.,  1531,  1607,  and  1682 — are  one  and 
the  same  Comet,  that  had  made  three  revolutions 
in  its  elliptical  orbit."   Taking  certain  disturbing 
effects,  on  the  part  of  the  planet  Jupiter,  into  ac- 
coimt,  he  concluded  that  the  Comet's  next  return 
to  its  peiihelion  might  be  delayed  until  the  be- 
guining  of  1759  ;  and,  in  advising  the  asti'o- 
nomers  of  that  day  carefully  to  look  for  such  re- 
appearance, he  expressed  a  hope,  which  cer- 
tainly has  not  been  disappointed,  that,  in  event 
of  its  return,  posterity  would  not  refuse  to  ac- 
knowledge that  its  periodicity  had  first  been 
discovered  by  an  Englishman.    As  the  year 
]  759  approached,  astronomers  became  more  and 
more  alive  to  tlie  consummate  importance  of 
Halley's  prediction;  and  those  very  laborious 
computations,  rendered  necessary  by  the  compa- 
ratively advanced  state  of  phj'sical  astronomy, 
were  undertaken  and  brought  to  a  brilliant  con- 
clusion by  the  celebrated  Clairaut,  assisted  by 
Lalande  and  Madame  Lepaute.    The  nature  of 
the  indispensable  computations  will  be  best 
understood,  with  the  orbit  of  the  Comet  before 
us.    This  is  represented  in  the  annexed  diagraiu. 
The  contrast  between  this 
cometic    orbit    and  the 
paths  of  the  planets,  need 

scarcely  be  pointed  out. 

The  paths  of  the  latter  are 

far  apart  from  each  other ; 

and,  notwithstanding  their 

eccentricities,   they  never 

intersect;  nor  do  the  bo- 
dies moving  in  them,  come 

at  any  time  very  near  each 

other :  hence,  the  reciprocal 

influences  of  these  orbs  are 

comparatively  small — im- 
pressing only  slight  changes 

on  the  shapes  of  their  or- 
bits, or  their  periods.  But 

the  path  of  Halley's  Comet 

is  such  that,  in  the  course 

of  a  revolution,  it  may, 

through  great  proximity  to 

some  planet  or  planets,  be 

seriousl}^  affected  as  to  its 

course  and  period ;  so  that 

an  exact  estimate  of  the 

])lanetary  perturbations,  is 

essential  to  any  just  deter- 


A.  OrWt  of  Karth. 
I!.  Orbit  of  Jupiter. 
C.  Or  jit  cl  d.aturn. 
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Fiji  I. 


T>.  Oi-liit  of  Ur!im;s. 
v..  Orlilt  ofNi'pftum 
K  Orbit  of  Uulloy  'sCumct. 
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mination  of  the  date  of  its  return.  In  Clairaiit's 
time,  unfortunately,  these  perturbations  could  not 
be  minutely  estimated,  since  the  masses  of  Jupiter 
and  Saturn  were  not  exactly  known,  nor  had 
Uranus  or  Neptune  been  discovered.  Clairaut 
did  not  pretend  to  an  ultimate  exactitude ;  for, 
when  hazarding  las  first  statement  —  that  the 
Comet  sho>dd  be  found  at  its  perihelion  on  13th 
April,  1759 — he  confessed  that  he  might  be  in 
en'or  a  full  month.  The  Comet  came  to  its  peri- 
helion on  \.2th  March.  This  approximation  was 
wonderful  enough ;  more  than  adequate  to  establish 
the  reality  of  the  sway  of  gi-avitation  over  these 
wandering  meteors.  But  when  another  period  of 
75  years  had  completed  its  course,  Science  had  to 
reach  still  greater  triumphs.  Halley's  Comet 
reappeared  at  the  close  of  1835.  The  masses  of 
Saturn  and  Jupiter  were  now  determined,  and 
the  infiuence  of  Uranus  could  be  taken  mto  ac- 
count. The  investigation  was  of  course  renewed. 
It  was  best  performed  by  Eosenberger  of  Halle ; 
and  the  occurrence  agreed  with  the  prediction, 
within  jive  days — surely  a  trifling  discrepancy 
considering  the  long  period  of  that  mist's  revolu- 
tion !  Since  then,  Neptune  has  been  revealed ;  and 
when  this  comet  again  returns,  it  is  not  likely 
that  the  error  of  calculation  may  exceed  as  many 
hours !  It  is  mdeed  a  matter  of  no  slight  grati- 
fication to  the  Human  Intellect,  that  amid  all 
external  obstructions,  and  its  proper  imperfec- 
tions, it  can  yet  ascend  so  closely  to  the  seat  of 
Nature's  most  intricate  laws !  The  actual 
dimensions  of  the  orbit  of  Halley's  Comet,  as  de- 
termined by  the  late  Hermann  "NVestphalen,  ai-e  as 
follow : — 


Least  distance  from  the  Sun, 

Greatest  distance,   

Major  axis  of  Orbit,   

Minor  axis  of  Orbit,   


55,900,000  miles. 
3,-370,300,000  — 
3,426,200,000  — 
826,900,000  — 


As  shown  in  the  diagram,  this  comet  recedes  from 


Fig.  2. 


Orbit  of  .Tnpiter. 
C.  Comet  of  G?  years. 
}1.  Comc!t  of  7j  yeavp. 
U.  Comet  of  short  pcrioiL 


E.  Orbit  of  Mars. 

F.  Orbit  of  tlic  Knrth. 

G.  llalley's  Comet. 
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the  sun  to  a  distance  considerably  exceeding  that 
of  Neptune.  At  the  remote  parts  of  its  orbit  it 
is  always  far  removed  from  the  plane  of  the 
Ecliptic  on  the  South  Side ;  and,  alone  of  all 
known  periodical  comets,  the  direction  of  its 
motion  is  in  the  contrary  dhection  to  that  of  the 
planetary  system,  or  against  the  order  of  the 
Si(jns.  We  have  purposely  dwelt  at  some  length 
on  the  History  of  the  Comet  of  Halley:  while, 
standing  as  a  type  of  the  habitudes  of  all  Comets, 
it  holds  a  position  intennediate  between  a  num- 
ber of  Comets  of  shorter  period,  and  those  wliose 
periods  are  so  long,  that  rational  doubt  may  be 
expressed  whether  thej'  are  really  connected  ^vith 
our  system  or  not.  The  subjoined  diagram  re- 
presents the  position  of  the  orbits  of  other  three — 
viz.,  the  Comet  of  3-3  years,  or  the  Comet  of 
Encke  ;  Biela's  Comet,  or  that  of  6|  years ;  and 
Faye's  Comet,  whose  period  is  7^  years.  Be- 
sides these  we  have  the  Comet  of  De  Vico,  with 
a  period  of  5^  years  ;  the  Comet  of  Brorsen, 
with  a  period  slightly  larger;  the  Comet  of 
D' Amst,  whose  period  is  scarcely  6.^  years ;  as 
well  as  six  others,  the  probable  periods  of  four 
of  which  are  within  six  j-ears, — those  of  the  other 
two,  being  twelve  or  fifteen.  Four  Comets  are 
kno^\^l,  with  probable  periods  coiTesponding  to 
that  of  Halley's;  and  the  following  results  of 
computation  may  perhaps  be  accepted  as  wide 
approximations,  viz. : — 

Tears  of  tlio 
Comet's  appearance. 

1763,  

1769,  

1807,  

1811  (the  great  comet  of), 
1811  (second  comet  of),  .. 
1822  (fourtli  comet  of),  ., 
1825  (great  comet  of), 
1810  (fom-th  comet  of),  .. 

1844,  

1S46  (De  Vico's),  ... 


Probable 

period. 
7,334  years. 
2,090  — 
1,714  — 
3,065  — 

876  — 
5,-144  — 
4,386  — 

344  — 
102,050  — 
2,720  — 


There  is  one  other  Comet,  apparently  periodical, 
of  too  important  a  character  to  permit  us  to 
omit  notice  of  it.  One  of  the  greatest  meteors 
of  {his  sort,  mentioned  in  history,  appeared  in 
the  middle  of  1262 ;  and  has  been  spoken  of  by 
all  historians  in  terms  of  wonder  and  astonish- 
ment. In  1556  a  prodigy  of  the  shme  charac- 
ter, and  with  similar  elements — in  as  far  as  wide 
observations  enable  us  to  judge — spread  terror 
alilce  over  Europe  and  Asia.  Considerable 
probability  exists  that  it  had  appeared  several 
times  previously,  after  similar  intervals.  Some 
modern  inquirers,  especially'  LIr.  Hind,  have  oc- 
cupied themselves  earnestly  with  the  question  of 
its  orbit ;  and  the  latter  Astronomer,  after  great 
research  and  pains,  has  ventured  to  say  that  be- 
tween 1856  and  18G0  we  may  look  for  it-< 
return — its  mean  period  being  about  300  yeaxi- 
If  this  prediction  be  verified,  it  will  be  only 
second  in  interest  to  what  befel  in  the  case  of  Df' 
Halley. — Of  course  it  must  not  be  imagined  thct 
the  larger  peiiods  mentioned  above,  are  deter- 
mined with  absolute  accuracy ;  nay,  it  is  even  im- 
lilcely  that  the  greater  number  of  these  bodies 
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t  visit  our  system,  have  re-entering  orbits  at  all. 

more  probably,  tlieir  paths  are  hyperbolic; 
!  the  meteors  themselves  merely  bent  around 
Sun,  ivhose  atti-action  they  have  encountered, 
they  sweep   through  the  cosmical  spaces, 
ise  of  them  that  really  move  in  Ellipses,  and 
efore  in  one  respect  may  be  said  to  belong  to 
system,  are  not  improbably  also  cosmical 
:eors,  whose  paths  have  been  converted  into 
ipses  by  the  influence  of  the  Sun  and  the 
aiiets.    Lexell's  Comet,  for  instance,  from 
iug  a  very  erratic  meteor,  was  thus  obliged  for 
livief  time  to  revolve  through  a  short  ellipsis  ; 
iz  the  pertm-bing  action  of  Jupiter  again  threw 
'Y  towards  remote  abysses.   It  is  rendered  still 
her  probable  that  the  Comets  do  not  properly 
ng  to  our  planetary  scheme,  by  the  fact  that 
\-  are  not  subject  to  any  of  the  constituent 
ws  of  that  scheme.    For  instance,  they  are  not 
nfined  to  the  plane,  in  the  neighbourhood  of 
liich  the  planetary  orbits  are  all  found;  i.e., 
tir  places  in  the  sky  have  no  connection  with 
e  Zodiac;  their  motions  are  as  frequently 
trograde  as  direct ;  and,  as  we  have  seen,  the 
•ligation  of  their  orbits  causes  them  to  intersect 
'  paths  of  all  the  regular  attendants  on  our 
111- — We  can  form  no  conception  of  their  num- 
■rs.    Probability  alone  is  the  ground  of  any 
(Igment  on  the  question ;  and  certainly  we  can- 
it  place  the  inferior  limit,  lower  than  many 
illions.    The  likelihood  is  that  they  are  count- 
's as  the  stars  themselves ;  and  must  be  regarded 
scattered  through  the  interstellar  spaces,  where 
ey  perform  functions  that  are  at  present  utterly 
1  known'. 

(2.)  Comets,  certain  Physical  Features  of. — We 
e  not  yet  in  a  condition  to  define  the  physical 
ructure  of  comets.  They  furnish,  and  probably 
ill  long  furnish,  in  this  point  of  view,  the  great- 
t  stimulus  to  curiosity.  But  a  few  remarks 
ay  be  safely  adventured  on.— First,  the  relation 

the  Comets  to  Light  cannot  be  considered 
tiled  by  the  observations  of  Arago.  Testing 
le  light  sent  by  them  by  means  of  his  polar- 
cope,  he  discovered  that  it  is  polarized  by  re- 
ction ;  and  he  hence  concluded  that  they  are  not 
If-luminous,  but  that— like  the  planets  in  this 
spect— they  shine  by  reflecting  solar  light, 
rago  did  not  show  conclusively  that  all  the 
;ht  issumg  from  Comets  is  polarized  by  rcflcc- 
;  and  it  can  scarcely  be  denied  that  what 

-sel  saw,  regarding  Halley's  Comet  in  1835, 
tabhshes  a  strong  probability  that  these  bodies 
ive  a  certain  faculty  of  evolving  a  proper  light 

their  own.  Further  observation  is  needful  for 
e  settlement  of  this  delicatequestion.— ^STscowrfA/: 
-As  to  the  molecular  constitution,  or  inte- 
jr  consistency  of  Comets,  it  cannot  be  pre- 
imed  to  be  distinguished  by  much  cohesion. 
cither  can  the  particles  of  such  a  body  be  sup- 
'  ed  to  be  held  together  by  effect  of  their  mutual 

u  itation;  for  that  would  not  really  amount  to 
uch  more  than  mere  juxtaposition  in  space. 

1! 


We  must  look,  therefore,  at  each  individual 
cometic  molecule,  in  the  light  of  an  independent 
projectile,  describing  its  own  orbit  around  the 
Sun.  This  extreme  looseness  of  texture  was 
strikingly  manifested  by  the  recent  separation  of 
Biela's  Comet  into  two  distinct  bodies  or  nuclei, 
revolving  around  each  other;  and  it  is  perhaps 
the  cause  of  another  peculiarity  of  these  bodies — 
viz.,  their  remarkable  contraction  in  size  when 
they  reach  penhelion.  If  a  number  of  bodies 
describe  parabolas  or  very  eccentric  ellipses,  hav- 
ing the  same  axes,  and  around  the  same  central 
orb  in  then'  common  focus,  the  intervals  separat- 
ing them  win  be  minima  at  the  perihelion ;  in 
other  words,  the  parabolas  will  nearly  touch  or 
osculate  each  other  at  that  region ;  and  the  mole- 
cules will  again  mutually  recede  as  the  group 
departs  from  the  Sun.  Compression,  therefore, 
at  perihelion,  and  expansion  afterwards,  are 
among  the  mechanical  necessities  of  such  a  sys- 
tem. It  scarcely  requires  to  be  stated  that  the 
density  of  Comets  is  quite  trifling.  Although 
they  have  passed  quite  near  to  the  smaller  bodies 
of  our  planetary  sj-stem,  they  have  never  im- 
pressed any  palpable  or  measurable  perturbation. 
But,  Thirdly — Notwithstanding  the  amount  of 
light  thus  thrown  on  such  molecular  expansions 
and  contractions,  the  whole  subject  of  the  tails  of 
these  bodies  is  enveloped  in  mystery.  These  ex- 
traordinary appendages  are  perhaps  often  hollow, 
and  symptoms  of  rotatory  motion  around  their 
longer  axes  have  been  detected  ;  still,  why  is  it 
that  they  are  alwaj's  directed  right  away  from 
the  Sun  ;  and  what  conceivable  force  can  retain 
their  more  distant  portions  in  ant/  orbit,  when-  at 
perihelion,  they  are  brandished  around  our 
Luminary  with  a  velocity  so  unparalleled  ?  It 
is  useless  at  present  to  waste  time  in  conjecture 
on  a  subject,  demanding,  beyond  everything,  the 
attention  of  the  precise  observer.  One  remark- 
able contribution  to  positive  knowledge  must,  how- 
ever, be  mentioned — viz.,  Bessel's  memoir  on  the 
phenomena,  attending  what  seemed  the  process  of 
theformation  of  the  tail  of  HaUey's  Cometin  1835. 
This  distinguished  person  had  rare  opportunities  to 
iiolice  these  phenomena ;  and  they  led  him  to  the 
conviction  that  our  central  orb  develops  a 
Polarity,  or  exercises  a  Polar  Force  over  these 
diffuse  meteors.  What  that  polar  force  is,  re- 
mains of  course  unlcnown :  but,  consideriug  it 
akin  to  Magnetism,  it  will  readily  be  seen  that 
it  renders  comprehensible  the  disturbance  of  the 
Comet's  form,  its  position  towards  the  Sun,  and 
the  fact  that  the  motions  of  the  body  are  not 
disturbed  by  the  development  of  tlie  tail.  Tho 
whole  of  the  memoir  in  question  is  worthy  of 
more  attention  than  it  has  hitherto  received. 

(3.)  Comets,  as  Instruments  of  Discovery. — 
These  bodies,  we  have  said,  are  yet  likely  to  lead 
in,  brilliant  courses,  of  otherwise  inaccessibledisco- 
very.  For  instance,  if  the  speculation,  just  alluded 
to,  shall  turn  out  well  founded,  they  reveal  a  new 
character  of  tho  Suu.  or  at  all  events  greatly 
13 
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extend  our  knowledge  of  that  portion  of  his 
efficiency  to  which  we  owe  all  the  magnetic  plie- 
iiomena  of  the  Earth.  In  the  next  place,  wan- 
dering, as  Comets  do,  through  all  portions  of  the 
interplanetary  spaces,  they  must  doubtless  unfold, 
in  future  times,  the  contents  of  these  spaces; — a 
train  of  discovery  that  may  be  deemed  already 
inaugurated  by  the  more  than  presumption,  ob- 
tained from  the  retardation  of  Encke's  Comet,  in 
favour  of  the  opinion  that  a  resisting  medium 
exists.  And  lastly,  thej'  stand  to  us  as  speci- 
mens— the  most  palpable  we  can  obtain — of 
those  other  curious  formations,  such  as  the 
Zodiacal  Light,  which  belong  to  our  planetary 
scheme  as  indefeasibly  as  the  Planets  themselves. 
"What  is  already  established,  has,  of  course,  dis- 
pelled all  delusions  as  to  the  effects  of  the  shocks 
of  Comets  in  producing  geological  catastrophes 
in  the  Earth.  Their  feeble  or  rather  inappre- 
ciable density,  deprives  them  of  the  power  to 
produce  any  d^mamical  effects ;  although  it  is 
jiossible  that  collision — as  it  has  been  termed — by 
introducing  extraneous  substances  into  our  ter- 
restrial atmosphere,  might  influence  the  fates 
of  the  organic  races,  to  whose  development 
and  welfare  that  Atmosphere  is  an  essential 
ministrant. 

(Domiueusiirablc.  Two  quantities  of  the 
same  kind,  or  two  numbers,  are  said  to  be  com- 
mensurable when  a  third  quantity  or  number  is 
contained  in  each  a  certain  number  of  times.  In  rea- 
soning regai'dmg  incommensurdbles^  we  require  to 
show  that,  what  we  expect  regarding  them,  holds 
good,  almost  perfectly,  with  regard  to  two  com- 
raensurables  on  each  side  of  them ;  and  approxi- 
mates more  and  more  nearly  to  the  complete  ex- 
pression of  the  truth,  the  nearer  these  close  in  on 
the  incommensm-able  in  question. 

Compass.  Consists  fundamentally  of  a  mag- 
netized needle  turning  freely.  As  this  turns 
towards  a  position,  constant  within  certain  limits, 
wherever  it  may  be,  it  is  evidently  possible,  by 
means  of  it  to  ascertain  definitely  the  directions 
and  changes  of  direction  of  any  motion,  refer- 
ring their  lines  to  this  constant  direction.  It  is 
supposed  commonly  to  have  been  mvented  about 
1302,  by  riavio  Gioja.  It  was  certau  Jy  knomi 
in  some  parts  of  Europe  before  1180.  (Encycl. 
.Veii'op  )  Its  use  to  sailors,  who  must  lose  all 
the  ordinary  marks  of  direction,  is  abundantly 
plain. 

Poi7ifs  of  the  Compass  are  the  thirty-two 
principal  points  of  division  on  the  rim  of  the 
jircular  card  below  the  horizontal  plane  in  which 
»he  needle  is  permitted  to  move  freely.  They  are 
railed  otherwise  Rhumbs.  They  are  marked  at 
the  extremities  of  equal  arcs  of  the  circumlorence, 
and  refer,  according  as  they  are  nearer  one  or 
nther,  to  tlie  two  cln'ef  lines  North  (towards 
<lie  pole  star,  or  North  point  of  horizon,)  and 
Nouth,  and  East  and  West,  (to  the  right  and 
left  as  we  look  towards  the  North).  They  are 
as  follows : — 
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North . 

N.  hy  E. 
N.N.E. 
N.E.  by  N. 

N.E. 

N.E.  by  E. 
E.NE. 
E.  by  N. 


rast. 

E.  by  S. 

E.S.E. 
S.E.  by  E. 
S.E 

S.E.  by  S. 
S.S.E. 
S.  by  E. 


Soulh. 


■West. 


S.  bv  W.  W.  by  X. 

S  S.\V.  W.N.W. 

S.W.  byS.  N.W.byW. 

S.W.  N.W. 

S.W.byW.  N.W.bvX. 

W.S.W.  N.N.W. 

W.  by  S.  N.  by  W. 


The  student  may  readily  construct  the  circle  and 
mark  the  points  in  order.  Each  division  contains 
3i°  of  the  circumference,  or  represents  11°  15  of 
angular  space.  Each  is  further  subdivided  into 
quarters 

Compass,  Mariner'' s. — The  common  construc- 
tion is  of  extreme  simplicity.  There  is  merely  a 
circular  box  containing  a  paper  card,  on  which 
the  points  of  the  compass  are  marked,  above  tlie 
middle  of  which  a  magnetic  needle  is  set,  free- 1  . 
rotate  round  its  centre.  It  turns  always  nearly 
to  the  north,  (see  Magnetism  and  VAniATiox,) 
and  the  amount  of  deviation  is  pretty  accurately 
estimable. 

As  in  all  other  instruments  of  extreme  impor- 
tance, this  idea  has  been  so  elaborated  that  the 
chances  and  limits  of  error,  from  defective  sus- 
pension and  the  like,  are  excessively'  slight 
The  most  important  irregularity  that  is  yet 
beyond  the  complete  control  of  practical  men, 
arises  from  the  effect  of  the  iron  and  magnetizable 
matter  present  in  ships.  Many  vessels  are  now, 
of  course,  entirely  constructed  of  iron.  In  the 
various  positions  of  the  ship,  they  become 
magnets,  acting  conjointly  with  the  earth  on 
the  needle,  and  exerting  greater  or  less  deviating 
effect,  as  the  direction  of  their  action  coincides 
more  or  less  closely  with  the  constant  direction 
of  terrestrial  maguestism.  See  Compositiox  of 
Forces. 

Azimuth  Compass  has  the  circumference  of  the 
card  more  accurately  subdivided  into  exact 
degrees,  minutes,  and  seconds,  and  to  the  box  is 
fitted  an  index  with  two  sights — that  is,  upright 
pieces  of  brass  set  diametrically  opposite  one 
another,  with  slits  down  the  middle,  through 
which  the  smi  or  a  star  may  be  viewed.  The 
position  into  which  the  index  of  sights  must  be 
turned  to  see  it,  will  evidently  indicate  on  the 
card  the  azimuth  of  the  star.  As  in  all  similar 
instruments,  telescopes  accuratelj'  adjusted  are 
used  instead  of  sights  when  the  observation  is  iv 
be  exact.  Tlie  use  of  the  instrument  is  chiefl\ 
to  note  tlie  actual  magnetic  azimuth,  from  which 
— as  we  know  the  azimuth  calculated  from  the 
north  and  south  line,  we  find  the  variaiion  of  the 
needle,  with  the  amount  of  its  changes  of  varia- 
tion. 

€ompnsH,  ncvinlioii  of,  is  the  angle  bv 
which  the  compass  is  detlcctcd  from  the  mag- 
netic north  by  the  action  of  the  iron  in  a  ship.— 
Tlie  large  quantity  of  iron  now  used  in  the  con- 
struction and  equipment  of  steamers,  iron  sailing 
vessels,  and  sometimes  of  wooden  sailing  vessels, 
produces  a  deviation  of  the  compass  from  tbc 
magnetic  north,  which  interferes  seriously  will' 
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!  navigation  of  such  vessels.  We  shall  en- 
ivour  to  explain  the  causes,  the  laws,  and  the 
ithods  proposed  for  correcting  tlie  deviation 
produced.  All  iron,  as  regards  magnetism, 
3  between  the  two  extreme  states,  denominated 
•  ioft  iron"  and  "  hard  iron."  Soft  iron  is  iron 
lich  becomes  instantly  magnetic  by  induction 
len  exposed  to  the  influence  of  any  magnetized 
ly,  and  instantly  loses  its  magnetism  when 
■  influence  is  removed.  Its  magnetism  is 
med  "  induced"  magnetism.  Hard  iron  is 
■n  which  does  not,  in  ordinary  circumstances, 
:ome  magnetic  by  induction,  and  which,  when 
se  magnetized,  retains  its  magnetism  when  the 
Iduencing  body  is  removed.  Its  magnetism  is 
Btned  "  permanent"  magnetism. — Neither  ex- 
le  exists  in  nature,  but  much  of  the  iron  in 
1  vessels  approaches  each  extreme.  Much  is  in 
i  intermediate  state,  the  magnetism  of  which 
ubeen  called  "  subpermanent,"  or  "retentive." 
ifch  iron,  when  once  magnetized,  retains  its 
ggnetism  with  little  loss  for  a  long  time,  unless 
poosed  to  blows  or  strains,  changing  its  mag- 
idsm  slowly  and  gradually  when  exposed  to  a 
V  inducing  cause,  as  for  instance,  when  the  vessel 
Binges  her  magnetic  latitude. — In  investigating 

I  action  of  iron  on  the  compass,  it  is  conveni- 
;  to  suppose,  in  the  first  instance,  that  all  the 
a  is  "  hard"  or  "soft,"  and  then  make  allow- 

Ke  for  the  difference  of  the  suppositioa  from 
!  truth.  "We  shall  first  consider  the  effect  of 
1  permanent  magnetism  of  hard  iron  on  the 
nppass,  and  we  shall  suppose  the  ship  to  re- 
nin upright — the  effects  of  heeling  not  having 
sufficiently  investigated  to  be  capable  of 
llDg  treated  of  satisfactorily  here. — A  piece  of 
ltd  iron  magnetized,  in  other  words,  a  magnet, 
eiced  in  any  position  in  a  ship,  attracts  the  north 

I I  of  the  compass,  in  a  direction  in  the  ship 
'  ich  does  not  alter  as  the  ship  swings  round, 
yiy  number  of  such  magnets,  in  other  words,  all 
b  hard  iron  of  the  ship  acts  similarly,  and  gives 
i  to  a  single  resultant,  attracting  the  north 
1  of  the  compass  in  a  direction  in  the  ship, 
lich  does  not  change  as  tlie  ship  is  swung 

ttind.  When  this  resultant  is  in  the  direction  of 
3  magnetic  needle,  it  produces  no  deviation.  As 
^  ship  swings,  the  needle  follows  the  resultant, 
1  deviation,  or  rather  the  sine  of  its  deviation, 
sreasuig  as  the  sine  of  the  horizontal  angle 
•tween  the  needle  and  the  resultant.— In  what 
''^ows,  v,e  shall  suppose  the  deviation  to  be  so 
Biall  that  the  sine  of  the  deviation  varies  as  the 
Wiation,  and  that  the  deviation  produced  by 
the  disturbing  forces,  is  the  sum  of  the  devia- 
ns  they  would  produce  separately.  This  sim- 
lies  the  problem,  and  is  sufficiently  correct  in 
we  cases  m  which  alone  great  nicety  is  pos- 
■le.— Ifje  force  which  opposes  the  deviation  or 
i  directive  force  of  tlie  needle,  being  propor- 
mal  to  the  horizontal  magnetic  force  of  the 
•th,  the  deviation  produced  by  the  hard  iron  is 
•portional  to 


Hor.  force  of  hard  iron 
Hor.  force  of  earth 


X  sin  angle  between 


resultant  and  needle. — Calling  the  horizontal 
force  of  the  hard  iron  r,  and  resolving  it  into 
two, — viz.,  p  directed  towards  the  ship's  head. 
Q  to  the  starboard  side;  and  caUing  the  horizon- 
tal force  of  the  earth  h,  and  the  angle  which  the 
ship's  head  is  to  the  east  of  the  deviated  needle 
it  will  easily  be  seen  that  the  deviation  pro- 
duced by  the  hard  iron  is  proportional  to 

—  sm  Z  -\  cos  c'. 

H      ^    •  n 

The  effect  of  the  soft  iron  is  less  simple. — In 
estimating  it  we  make  the  supposition,  which 
is  not  far  from  the  truth,  that  induced  magnet- 
ism is  proportional  to  the  inducing  force,  and 
that  therefore  the  effect  of  any  number  of  induc- 
ing causes  is  the  sum  of  the  separate  effects.  The 
ordinary  cause  in  this  case  is  the  earth's  mag- 
netism acting  in  the  line  of  the  dip ;  which  in- 
ducing force  we  may  resolve  into  its  two  com- 
ponents, the  vertical  and  horizontal  forces,  and 
consider  their  effects  separatelj'.  —  The  vertical 
force  induces  in  the  soft  iron  a  magnetic  state 
which  does  not  change  as  the  ship  swings,  and 
therefore  produces  a  deviation  following  the  same 
law  as  that  caused  by  the  hard  iron.  The  devia- 
tion so  produced,  is  therefore  directly  propor- 
tional to  the  vertical  force,  and  being  as  before 
inversely  proportional  to  the  horizontal  force,  it 
varies  as  the  ratio  of  the  vertical  to  the  hori- 
zontal force,  i.  e.,  it  is  proportional  to  the  tan- 
gent of  the  dip.  Calling  the  dip  ^,  and  treating 
tliis  force  as  we  treated  the  permanent  magne- 
tism, we  may  represent  the  de-^nation  caused  by 
the  inducing  force  of  the  vertical  part  of  the 
earth's  magnetism  by  the  formula 

b'  tan  ^  sin  ^'  -j-  c'  tan  ^  cos 

Combming  the  two,  we  get  for  the  deviation 
caused  by  the  permanent  magnetism,  and  the 
vertical  part  of  the  induced  magnetism 

^B'tan<;-f        sin  ^'  -|- 
^c'tan^i-f  ^  ^  cos?'. 


The  effect  of  the  horizontal  force  is  most  clearly 
seen  by  considering  its  effects  on  masses  of  iron  of 
a  simple  shape, — viz.,  thin  iron  rods  placed  hori- 
zontally. When  such  a  rod  is  at  right  angles 
to  the  magnetic  meridian,  it.  is  not  magnetic.  In 
any  other  position,  its  south  end  attracts  tiie 
north  end  of  the  needle ;  its  north  end  repels  it. 
Such  a  rod  placed  in  the  line  of  the  Iceel,  and 
either  before  or  abaft  the  compass,  will  produce 
no  deviation  when  the  sliip's  head  is  either  N.  or 
S.,  because  though  it  attracts  the  needle,  it  does 
so  in  the  direction  in  which  the  needle  is  point- 
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ing;  so  it  will  produce  no  deviation  when  the 
ship's  head  is  E.  or  W.,  because  the  rod  is  then 
not  magnetic.  When  the  ship's  head  is  N.E.  or 
S.W.,  it  produces  a  maximum  easterly  devia- 
tion ;  when  N.W.  or  S.E.,  a  maximum  westerly. 
It  therefore  causes  a  deviation  proportional  to 
the  sine  of  2  Z'-  Here  the  force  producing  the 
deviation,  and  the  force  overcome  ia  producing, 
are  both  the  horizontal  force  of  the  earth's  mag- 
netism. The  deviation  produced,  is  therefore 
independent  of  this  force,  and  may  be  repre- 
sented by  D  •  sm  2  where  d  depends  solely  on 
the  distribution  of  the  soft  iron  ui  the  ship.  A 
similar  bar  placed  athwartship,  either  to  the  star- 
board or  port  side  of  the  compass,  will  produce 
a  deviation  —  d  sin  2  ;  so  a  horizontal  thin 
rod,  whose  direction  passes  through  the  compass, 
and  makes  an  angle  of  4.5°  with  the  line  of  the 
keel,  will  cause  a  deviation  e  cos  2  ^ ;  and  two 
similar  bars  similarly  placed,  whose  direction 
passes  through  the  centre  of  tlie  compass,  but 
which  are  at  right  angles  to  each  other,  will 
counteract  each  other's  elFects. — There  is  a  re- 
markable arrangement  of  such  bars,  which  re- 
mains to  be  mentioned, — viz.,  two  horizontal 
rods,  at  right  angles  to  each  other,  in  the  same 
plane  with  the  compass,  tangents  at  one  end  to 
a  circle  concentric  -with  the  compass.  If  these 
rods  both  lie  to  the  right  from  the  respective 
pomts  of  contact  (looking  from  the  centre  of  the 
compass),  they  produce  a  constant  easterly  devia- 
tion; if  both  to  the  left,  a  constant  westerly 
deviation.  This  deviation  may  be  represented 
by  a  constant  term  a,  which  will  be  positive  in 
the  iirst  case,  negative  in  'the  second. — These 
arrangements  combined  will  therefore  produce  a 
deviation 

A  +  D  sin  2  ^'  +  E  cos  2 

It  may  be  shown  that,  whatever  be  the  arrange- 
ment of  the  soft  iron,  the  deviation  produced  will 
ibllow  the  same  law,  and  be  expressed  by  the 
same  formula. — Tlie  whole  deviation  produced 
by  the  hard  and  soft  iron  may  therefore  be  ex- 
pressed by 


S  =  A  + 


sin  ^' 


^  B'  tan  ^  +  ^  ^ 

+  ^  C  tan  ^  +  —  ^  cos  ^' 

+  D  .  sin  2  ^'  +  E  cos  2  ^' 

and  this  fonnula  (wliich  may  be  written)  3  =  a 
+  B  sin  +  0  cos  +  V  am  2  +  Ji  cos 
2  ^'  will  be  found  in  all  cas&s  to  rejiresent  tlie 
deviation  with  sufficient  accuracy. — AVc  will  now 
relurn  upon  our  ste])s  by  considering  the  causes 
and  effects  of  the  terms  separately.  a  ex- 
jiresses  a  constant  deviation  whatever  be  the 
<lirection  of  the  sliip's  head.  It  caimot  arise  from 
permanent  magnetifim.    It  may  arise  from  the 
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induced  magnetism  of  soft  iron  arranged  in 
the  way  described  above,  and  will  in  fact  exist 
whenever  any  elongated  horizontal  mass  of  iron 
is  placed  near  the  level  of  the  compass,  with  its 
ends  at  unequal  distances  from  the  compasa. 
Thus  it  has  been  observed  to  have  a  considerable 
value  in  gunboats,  in  which  a  gun  carriage  and 
the  fly-wheel  of  the  pump  are  placed  in  such 
position  relative  to  the  compass ;  but  it  may  also 
have  an  apparent,  not  a  real  value,  caused  by  an 
index  error  in  the  compass  on  board,  from  an 
error  of  the  shore  compass  from  comparison  witli 
which  the  deviation  is  deduced,  or  from  anv 
mistake  as  to  the  amount  of  variation  when  the 
deviation  is  deduced  from  the  observations  of 
heavenly  bodies  at  sea.    In  ordinary  cases  the 
value  of  A  is  so  small,  that,  for  the  purposes  of 
navigation,  it  may  be  safely  neglected,   d  and  e 
cannot  arise  from  permanent  magnetism,  bnt 
only  from  the  magnetism  of  soft  iron.  Positive 
values  of  d  from  such  masses  before  or  abaft  the 
compass — negative  values  from  such  masses  oa 
the  starboard  or  port  side — values  of  e  frm 
masses  of  soft  iron  in  the  intermediate  angles. 
As  might  be  expected,  the  value  of  e  is  generally 
very  small,  and  it  may  always  be  safely  neglected. 
D  varies  from  1°  or  2°  m  wooden  steamers  to  6' 
or  G°  m  iron  steamers.    By  theory  it  ought  not, 
and  in  practice  it  is  found  not  to  change  its  valut 
in  a  change  of  latitude.    This  part  of  the  devia- 
tion, has  been  called  by  Mr.  Airy  the  quadrant;;: 
deviation,  and  it  is  convenient  so  to  distinguis!: 
it.    It  is  almost  always  positive,  showing  that  i; 
arises  from  masses  of  iron  before  and  abaft  the 
compass,  and  indicatmg  that  it  may  be  corrected 
by  a  bar  of  soft  iron,  or  an  elongated  box  of  iron 
chain,  placed  athwartship  on  the  starboard  or 
port  side  of  the  needle. — The  remaining  terms 
are  by  far  the  most  important,  and  the  most 
difficult  to  deal  with.    This  part  of  the  devia- 
tion has  been  termed  the  polar-magnet  devia- 
tion b_v  Mr.  Airy,  but  is  more  convenientlj' termed 
the  "semicircular"  deviation,  asit  consists  of  twn 
parts,  one  caused  by  the  permanent  magnetism 
of  the  hard  iron,  which  is  more  strictly  polir 
magnetism,  tlic  other  by  the  induced  magnetism 
of  the  soft  iron.    These  two  parts  change,  but  in 
dilFerent  proportions,  wth  a  change  of  magnetic 
latitude.    The  first  varies  invereely  as  the  hori- 
zontal force.    The  second  varies  as  the  tangwi 
of  the  dip. — Their  changes  in  dilierent  magnetic 
latitudes  may  be  thus  described : — At  a  magnetic 
pole  of  the  earth,  when  the  dip  is  90°,  and  the 
horizontal  force  zero,  each  part  becomes  infinite- 
This  indicates  that  there  is  then  no  directive 
force.    For  some  distance  from  the  magnetic 
pole  the  two  parts  change  nearly  at  tlie  same  ratfi 
and  therefore  the  whole  varies  nearly  as  the  tan- 
gent of  (he  dip.    But  as  we  approach  the  raaff- 
netic  equator,  the  part  which  arises  from  Ih^ 
soft  iron  diminishes  the  most  rapidly.  It  becomes 
zero  at  tlie  equator;  and  in  south  magnetic  lati- 
tudes has  the  same  value  as  in  corresponding 
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aorth  magnetic  latitudes,  but  tlie  opposite  sign. 
Vhe  part  which  arises  from  the  hard  iron  does 
it  become  zero  at  the  magnetic  equator,  but 
ggecomes  a  minimum  at  that  line,  nearly  coinci- 
BBnt  with  the  magnetic  equator,  at  which  the 
irizontal  force  is  a  maximum,  and  in  south 
i«agnetic  latitudes  it  has  the  same  sign,  and 
BCarly  the  same  value,  as  in  northern. — If  our 
fjjTWthesis,  that  aU  the  iron  is  perfectly  hard  or 
Cifectly  soft,  were  strictly  true,  it  would  be  pos- 
bible  by  observations  made  in  any  two  magnetic 
"ititudes  to  determine  the  values  of  the  two  parts 
fiparately.    But  in  fact  this  is  impossible.  The 
ihbpermanent  or  retentive  magnetism  causes  the 
manges  in  the  magnetism  of  a  ship  to  depend 
lOt  only  on  the  place  at  which  the  ship  is,  but 
1  the  places  in  which  she  has  been  for  some 
wreceding  days  or  weeks ;  her  magnetism  being 
mus  in  arrear  of  its  theoretical  amounts,  to  an 
ttitent  which  there  appear  to  be  no  means  of 
titimating. — It  appears  to  have  been  established 
r  f  Dr.  Scoresby,  that  a  change  takes  place  in  a 
iwwly  launched  bon  vessel,  even  without  a  change 
r  magnetic  latitude ;  but  it  seems  probable,  that, 
\iltr  a  short  time,  and  a  few  voyages,  no  further 
iiange  of  any  importance  takes  place  without 
:  change  of  magnetic  latitude. — We  shall  now 
ty  a  few  words  as  to  the  phenomena  observed  in 
afferent  parts  of  the  same  ship,  and  the  methods 
correction  which  have  been  proposed.  In 
neral,  in  north  magnetic  latitudes  the  north 
.  )int  of  the  compass  is  attracted  towards,  and 
Hows,  the  ship's  head.    This  arises  from  the 
.Tger  mass  of  iron  before  and  below  the  com- 
ass.  As  the  upper  end  of  every  vertical  mass  of 
ran  attracts,  and  the  lower  end  repels  the  north 
id  of  the  needle,  the  furmel,  the  lower  end  of 
hich  is  generally  before  the  standard  compass, 
merally  diminishes  the  attraction,  and  acts  as 
corrector.    An  uon  stem  post  is  still  more 
fective,  and  frequently  more  than  counteracts 
e  effect  of  all  the  iron  in  front  of  it,  causing  the 
)rth  point  of  the  compass  to  follow  the  stern  of 
e  ship.^  In  such  a  case  we  may  generally  find 
place  in  the  ship,  before  the  stern-post,  where 
le  semicircular  deviation  is  zero.    But  placing 
le  compass  in  such  a  position  is  of  less  advan- 
ge  than  might  be  supposed,  as  a  change  would 
■obably  take  place  on  a  change  of  latitude,— 
'  hatever  be  the  amount  of  the  semicircular  devi- 
lon,  It  may  be  easily  corrected  at  anv  given  time 
id  place,  either  by  a  bar  of  soft  iron,'  as  proposed 
ig  ago  by  Capt.  Flinders,  or  by  a  magnet,  or 
'0  magnets,  as  proposed  more  recently  by  the 
esent  Astronomer  Royal.    The  methods  of 
ikmg  these  corrections  are  too  well  known  to 
.^uire  description  here.    These  corrections  mav 
«  useful  when  the  vessel  does  not  change  her 
magnetic  latitude  materially,  as  in  the  case  of 
fcesels  plymg  between  ports  in  the  United  King- 
m,  or  even  in  Europe,  or  plying  between  Eng- 
id  and  the  United  States,  but  are  worse  than 
iless  when  the  vessel  changes  her  magnetic 
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latitude  considerablj',  more  especially  when  from 
a  northern  she  goes  to  a  southern  latitude.  In 
fact,  whenever  the  semicircular  deviation  is 
reduced  to  zero  by  the  addition  of  either  soft  iron 
or  a  magnet,  it  can  only  be  by  the  induced  mag- 
netism of  the  soft  iron  (mciuding  the  soft  iron 
con-ector  if  applied),  compensating  the  perman- 
ent magnetism  of  the  hard  ii-on  (including  the 
con-ecting  magnets  if  applied). — The  consequence 
is,  that,  in  a  ship,  whose  compass  has  been  so 
corrected,  going  to  an  equal  south  magnetic  lati- 
tude, the  induced  magnetism  of  the  soft  iron 
changmg  its  sign,  doubles  instead  of  compensat- 
ing the  magnetism  of  the  hard  iron.  The  danger 
of  all  such  corrections  is  so  well  understood  in 
the  Royal  Navy,  that  no  such  correctors  are  ever 
made  use  of  m  her  Majesty's  ships,  but  they  still 
continue  to  be  made  use  of  in  the  mercantile 
navy,  not  only  in  vessels  plying  between  different 
ports  nearly  in  the  same  magnetic  latitude,  but 
even  in  vessels  gomg  to  southern  latitudes.  As 
an  instance  of  the  inefficacy  and  danger  of  such 
corrections,  it  may  be  mentioned  that  the  Fiery 
Cross  iron  steamer  had  her  bmnacle  compasses 
corrected  by  magnets  in  England,  and  in  lati- 
tude 29-53  S.,  longitude  60-39  E.,  had  a  devia- 
tion of  85°. — How  then  are  the  deviations  to 
be  corrected  ?    By  fixing  a  compass,  to  be 
called  the  standard  compass,  in  a  place  in  the 
ship  as  far  removed  as  possible  from  the  disturb- 
ing influence  of  the  ship's  ii-on,  directing  the 
ship's  com-se  by  this,  and  using  the  binnacle 
compass  merely  as  a  guide  to  the  man  at  the 
helm.    It  has  been  proposed  to  fix  such  a  com- 
pass at  the  mast-head,  fitting  the  mast-head  witli 
brass  work  instead  of  iron  work ;  and  it  is  said 
that  a  compass  may  be  so  fixed,  and  then  ob- 
sei-ved  without  inconvenience;  and  that  when 
so  fixed,  the  deviations  are  insensible.  This 
method  was  successfully  adopted  in  the  "  Royal 
Charter,"  as  described  by  Dr.  Scoresbj-.    If  not 
Adopted,  or  not  successful,  the  method  adopted 
in  the  Royal  Navy  is  to  be  preferred.    An  azi- 
muth compass  is  fixed  at  a  convenient  place  so 
high  above  the  deck  that  bearings  can  be  taken 
over  the  ship's  bulwarks.    Then  the  ship's  head 
should  be  placed  on  a  number  of  compass  points, 
as  nearly  equidistant  as  possible,  and  the  devia- 
tions on  each  point  observed  either  by  compari- 
son with  a  compass,  or  by  the  bearmg  of  a  dis- 
tant terrestrial  object,  or  of  a  heavenly  body. 
The  methods  of  doing  this  are  well  known,  and 
are  described  in  a  pamphlet  published  by  the 
Admu-alty,  under  the  title.  Practical  Rules  for 
ascertaining  or  apply  big  the  Deviation  of  the  Com- 
pass caused  by  the  Iron  in  a  Ship.    From  these 
observations  a  table  of  comjiass-courses  and  cor- 
responding correct  magnetic-courses  may  bo 
formed,  by  which  (making  a  simple  interpolation 
if  necessary),  from  any  compass-course,  the  cor- 
responding correct  magnetic-course  maybe  found, 
or,  conversely,  from  a  correct  magueticrcourse, 
the  corresponding  cojnpass-course. — This  is  suf- 
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ficient  for  ordinary  purposes.  When  greater 
accuracy  is  required,  tlien  we  have  the  two  pro- 
blems to  solve, — viz.,  first,  from  deviations  ob- 
served on  a  few  points  to  compute  the  deviation 
on  the  intermediate  points ;  and,  second,  from 
deviations  observed  on  a  large  number  of  points 
to  compute  the  most  probable  value  of  the  devia- 
tions on  each  point.  These  may  be  solved  mathe- 
Tnatically  by  computing  the  co-efficients  a  b  c  d 
E  from  the  observations,  by  the  method  of  least 
squares ;  and  when  the  observations  are  made  on 
equidistant  points,  the  calculations  are  very 
simple.  The  method  of  doing  this  is  given  in  a 
"Supplement"  to  the  "Practical  Rules,"  by 
Archibald  Smith,  Esq.,  published  by  the  Admi- 
ralt}'.  Another  method,  which  is  the  most  con- 
venient in  ordinary  cases,  is  the  graphic  method, 
proposed  in  different  shapes,  by  Mr.  J.  R.  Napier 
of  Glasgow,  and  Captain  Ryder,  R.N — In  this 
method  a  straight  central  line  of  convenient 
length — say  18  inches — divided  into  360  equal 
parts,  represents  the  margin  of  the  compass-card 
cut  at  the  nortli  part,  and  straightened  and  ex- 
tended in  the  following  way: — 

K  K  N. 
Through  any  compass-course  taken  on  this  line, 
and  the  corresponding  correct  magnetic- course, 
two  straight  lines  are  drawn  intersecting  in  a 
point  above  the  central  line  if  the  deviation  be 
east,  below  if  west. — Through  every  compass- 
course,  on  which  the  deviation  has  been  observed, 
lines  parallel  to  the  first  set  are  drawn,  and 
through  every  corresponding  correct  magnetic- 
course,  lines  parallel  to  the  second,  giving  a 
point  of  intersection  for  each  observation.  Then 
a  curve  is  drawn,  called  the  curve  of  devia- 
tions, passing  as  nearly  as  possible  through  all 
the  points  of  intersection.  We  have  then  the 
lollowng  easily  applied  solution  of  the  two  fol- 
lowing problems : — 

Problem  I.  From  a  compass-course  to  find 
the  corresponding  correct  magnetic-course. 

p^ule. — On  the  central  line  take  the  compass- 
course.  Move  parallel  to  the  first  set  of  lines 
till  you  reach  the  curve,  then  parallel  to  the 
second  set  of  lines  till  you  get  back  to  tlie  central 
line.  The  point  in  the  central  line,  at  whicli  you 
arrive,  is  the  correct  magnetic-course  required. 

Problem  II.  From  a  given  correct  mag- 
netic-course to  find  the  corresponding  compass- 
course. 

Utile.— On  the  central  line  take  a  given  cor- 
rect magnetic-course,  move  in  a  direction  par- 
allel to  the  second  set  of  lines  till  you  arrive  at  tlie 
curve,  and  then  move  in  a  direction  parallel  to 
the  first  set  of  lines  till  you  get  back  to  the 
central  line.  The  point  on  the  central  line  at 
which  you  arrive  is  tiie  compass-course  required. 
In  Mr.  Napier's  plan,  both  sets  of  lines  make  an 
of  G0°  with  tlie  central  line,  and  with 
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each  other,  so  that  the  lines  form  a  set  of  equi- 
lateral triangles,  and  tlie  scale  on  each  line  is  the 
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same  as  the  scale  on  the  central  line. — This 
method  is  described  with  diagrams  in  the  "  Sup- 
plement" to  the  "  Practical  Rules"  above  men- 
tioned, and  is  also  published  separately  by  tbe 
Admiralty,  under  the  title,  A  Graphic  Method 
of  Correcting  the  Deviation  of  a  Ship's  Compass. 
In  Captain  Ryder's  plan,  the  central  line  is  the 
diagonal  of  a  square,  the  other  lines  make  angles 
of  45"  Avith  it,  and  are  at  right  angles  to  each 
other,  and  to  the  sides  of  the  square,  which  sides 
are  divided  into  360°.  The  top  and  bottom 
representing  correct  magnetic-courses,  the  sides 

compass-courses  By  this  method  the  correct 

magnetic-course  corresponding  to  a  given  com- 
pass course,  or  the  compass-course  correspond- 
ing to  a  given  con-ect  magnetic-course  is  found 
as  if  hy  a  table  of  double  entry.  A  description 
of  this  method,  with  a  diagram,  has  been 
publislied  by  the  Admiralty,  as  a  supplement  to 
the  "  Practical  Rules."  The  two  methods,  it 
will  be  seen,  are  the  same  m  principle.  Mr. 
Napier's  will  perhaps  be  found  more  convenient 
in  construction  by  the  expert,  Captain  Ryder's 
more  simple  in  use  by  the  inexpert. — When  the 
deviation  is  corrected  either  by  a  table  or  by  the 
graphic  method,  it  must  be  remembered  that  tbe 
same  table  or  the  same  curve  can  only  be  used 
so  long  as  the  ship  remains  in  the  same  mag- 
netic latitude,  and  so  long  as  there  is  no  material 
change  in  the  arrangement  or  condition  of  the 
iron  of  the  ship.  Whenever  any  considerable 
change  in  the  magnetic  laiitvde  of  the  ship  takes 
place,  a  fresh  table  should  he  cowpnted,  and  a 
fresh  curve  constructed  from  fresh  observation*. 
It  should  be  mentioned,  that  plans  have  been 
proposed  for  correcting  the  semicircular  part  oi 
the  deviation  by  adjustible  magnets,  which  can 
be  readjusted  on  a  change  in  the  deviation; 
but  it  seems  doubtful  how  far  it  is  prudent  tc 
entrust  such  delicate  manipulation  to  unskilled 
hands.  Since  the  first  edition  of  this  work,  the 
journal  of  Dr.  Scoresby's  voyage  to  Australia 
in  the  "  Royal  Charter "  has  been  published. 
This  voyage  was  undertaken  with  the  object 
of  observing  the  change  in  the  magnetism 
of  an  iron  ship  proceeding  from  a  northern 
to  a  southern  magnetic  latitude.  The  result 
showed  a  cliange  in  the  compasses  corrected  bv 
fixed  magnets  of  about  one  point  on  the  arrival 
of  the  ship  in  Australia,  and  of  two  points  on  its 
return,  and  a  consequent  failure  of  this  mode  of 
correction,  indicating  a  large  change  in  the  sub- 
permanent  magnetism.  The  change  did  not 
indicate  the  existence  of  any  large  amount  of 
transient  induced  magnetism. 

Conipciitmiion.  A  method  adopted  in  many 
cases  to  neutralize  errors  of  wiiich  we  cannot  {r«i 
rid.  Thus,  if  we  wish  to  obtain  a  residual  phe- 
nomenon, free  from  some  slight  efi"ect  of  irregn- 
laritj',  we  introduce  an  opposite  irregularity  o' 
neariy  equal  amount.  The  comjiensation  b*- 
lance  of  a  watch,  and  the  metliods  adopted  for 
preventing  the  deviation  of  the  ship's  corapas-" 
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the  magnetic  meridian,  are  beautiful  in- 
goces  of  this ; — tlie  former  tolerably  complete, 
latter  but  very  partiiilly  so  as  yet.  The 
ipensation  pendulum  illustrates  the  principle 
iciently.    See  Chronometer. 
DOompIemciir*    In  Arithmetic,  the  comple- 
nbt  of  a  number  is  the  difference  between  it 

I  the  power  of  10  immediately  above  it :  thus, 
!  is  the  complement  of  527.    In  Geometri/, 
i  complement  of  an  angle  is  the  excess  of  a 
ibt  angle  over  it. 

SCompositiou  of  ]?Iotiou  antl  Forces. 

•soliitiou  of'  Motion  and  Forces  The  very 

oiortant  mechanical  and  physical  problem 
ifally  designated  as  above,  is  equivalent  to 
If  a  Body  in  Motion  becomes  subjected 
i>how  to  a  second  motion ;  or,  if,  to  the  Force 
nressmg  the  first  motion,  there  be  superadded 
KFective  on  the  Body,  a  second  Force,  naturally 
King  a  Second  Motion  —  what  will  be  the 
ual  Motion  of  the  Body  ?    Or  what  the  Smgle 
we,  in  obedience  to  which,  it  may  be  supposed 
KTiove? — I.  The  formal  reply  is  this : — 1.  With 
iurd  to  its  motion  of  Translation.     If  a 
J,  body,  disposed  by  any  force 
to  move  through  the  space 
A  B,  along  ihe  line  A  B,  in  a 
given  time,  should  also  be 
subjected  to  the  operation  of 
another  force,   tending  to 
cause  it  move  in  the  same 
!,  through  the  space  a  c,  along  the  line  A  c  it 
actually  move  in  that  specified  time  through 
inline  A  z — the  diagonal  of  the  parallelogram 
r  ied  on  A  B  and  a  c,  as  its  sides.  And  supposing 
')ody  a  subjected  to  three  forces,  lying  in  difFer- 
planes  in  space,  it  will  move,  in  the  unit  of 
along  and  through  the  diagonal  oii)ie.paral- 
iped,  formed  by  three  lines  representing,  in 
-•tion  and  amount,  the  three  elementary  forces, 
m  easy  application  of  this  fundamental  theo- 
any  number  of  Forces  acting  at  a  pomt  maybe 
pounded  and  their  influence  represented  by  a 
;le  Force  ;  and,  vice  versa,  any  Single  Force 
be  conceived  as  the  tow/towi!  of  any  number 
nstituent  elementary  Forces ;  and  resolved  into 
!  elements.  2.  To  the  case  of  Motion  of  Eota- 
,  or  of  Forces  causing  Motion  of  Rotation,  a 
ar  principle  applies.    Technically,  this  part 
e  general  problem  consists  in  the  Composition 
Resolution  of  Cmiples.  The  nature  of  the  solu- 
will  be  understood  by  a  single  illustration, 
It  a  body,  A  (see  preceding  figure),  rotates 
west  to  east,  around  an  axis  whose  direction 
and  with  a  velocity  represented  by  tiie  line 
and  if  it  be  struck  anew  by  a  force,  that  of 
would  cause  it  to  rotate  also  from  west  to 
around  an  axis  whose  direction  is  ab  :  and 
a  velocity  represented  by  the  line  A b;  then 

II  actually  rotate  from  west  to  east,  around 
CIS  whose  direction  is  the  diagonal  a  z,  and 
a  velocity  represented  by  a  z.    In  the  same 
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rotations  lying  hi  dittereut  planes,  and 


whether  in  the  same  or  in  opposite  ways,  may  be 
compounded,  andofcourseresolvedat  will,  precisely 
as  with  Motions  of  Translation. — II.  The  inquiry, 
as  to  the  grounds  on  which  the  principle  just  enim- 
ciated  reposes — the  proposition  usually  termed 
the  Parallelogram  of  Forces — has  been  a  favour- 
ite and  fertile  one,  with  persons  occupying  them- 
selves concerning  the  Philosophy  of  the  Sciences. 
We  have  no  room  for  controversy;  and  shall 
merely  record  our  conviction,  that  the  principle 
formally  expressed  by  the   Parallelogram  of 
Forces  is  not  resolvable  into  any  simpler  one ;  and 
that  the  proposition  itself,  is  therefore  not  deduc- 
ible,  m  the  strict  sense  of  the  term.    It  is  an 
Axiom,  commended  by  universal  experience, 
that,  if  a  moving  body  be  impressed  with  a  new 
motion,  or  acted  on  hy  a  new  force,  it  is  not 
thereby  hindered  from  obeying  to  the  fidl,  alihe  in 
quantity  and  direction,  the  first  motion  to  which  we 
have^  supposed  it  subjected.  For  instance,  whether 
a  ship  is  at  rest  or  sailing  smoothly,  all  interior 
motions — actions,  let  us  say,  on  its  deck— take 
place  indifierently,  and  with  the  same  precise 
results.    Now,  the  Parallelogram  of  Forces  is 
nothing  more  than  the  technical  rule,  to  wliich 
this  principle  gives  rise.    It  wiU  be  found,  on 
exact  analysis,  that  every  effort  to  deduce  the 
principle  a  priori,  whether  geometrically,  or  by 
aid  of  the  algorithm  of  Functions,  involves  some 
assertion  fully  equivalent  to  the  truth  pretended 
to  be  demonstrated. 

Compressibility.  Bodies  are  supposed  to 
be  constituted  of  small  indivisible  atoms,  exist- 
ing at  certain  distances  firom  each  other,  but  kept 
together  by  attractive  forces  within  the  body,  as 
solids;  or  by  coercive  forces  from  without,  as  liquids 
or  gases.  In  all  cases,  except  in  the  case  of  these 
mdivisible  atoms  themselves,  bodies  are  supposed 
^Kn^  up  of  a  number  of  these  particles. 

All  cases  which  come  practically  under  om-  ob- 
servation are  included  under  this  statement,  for 
whether  or  not  these  atoms  exist  at  all,  they 
have  never  been  found  as  magnitudes  recogniz- 
able by  our  finest  senses,  assisted  by  our  most 
perfect  instruments.  Every  body,  then,  is  com- 
posed of  atoms  at  certam  distances  from  one 
another. 

Fi-om  this  statement  we  are  naturally  led  to 
inquire  if  these  distances  can  be  augmented  (see 
Expansion)  or  diminished.  That  property  of 
bodies,  in  accordance  with  which  they  can  be 
diminished  is  called  their  compressibility. 

The  compressibility  of  difi'erent  bodies  is  dif- 
ferent. Tlie  relative  compressibility  of  various  bo- 
dies is  readily  tabulated,  according  to  the  degree 
of  compression  obtained  by  the  application  of  a 
given  force.  One  thing,  however,  must  be  observed 
carefully.  The  compressibilities  must  be  measured 
at  one  uniform  temperature.  Tlicre  is  no  pro- 
perty of  bodies  more  readily  and  completely  altered 
than  this  is,  by  tlie  influence  of  iieat.  Thus  water 
at  212"  becomes  steam,  and  is  then  compressed 
according  to  the  gaseous  laws,  in  the  inverse 
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proportion  of  the  pressures  applied,  becom- 
ing ^  less  by  the  addition  of  one  atmosphere  of 
pressure,  while  water  itself  scarce  becomes 
iflj^ij^th  less,  as  we  shall  immediately  see.  A 
heated  solid  generally  takes  up  much  more  space 
than  a  cold  one ;  and  hence  the  body  exists  with  its 
particles  at  greater  distances  one  from  the  other 
in  the  first  case  than  in  the  second.  In  this  case 
also  they  are  generally  more  compressible  by 
outward  force.  The  extraction  of  heat,  indeed, 
without  the  application  of  outward  force,  pro- 
duces in  almost  every  case,  a  degree  of  compres- 
sion and  vice  versa.  Compression,  in  almost 
every  instance,  is  accompanied  by  evolution 
of  heat.  The  degree  of  compression,  at  given 
temperatures,  varies  in  solids,  according  to  their 
other  physical  properties.  A  like  variation 
obtains  for  liquids.  They  were  originally 
thought  indeed  to  be  incompressible.  The  cele- 
brated experiment  of  the  Florentine  Academi- 
cians, in  which  they  applied  very  great  force 
to  a  ball  of  thick  gold  filled  with  water,  in  order 
to  compress  the  water,  and  found  themselves 
only  able  to  make  it  ooze  through  the  metallic 
surface,  was  held  to  be  conclusive  upon  the 
point.  But  this  was  very  soon  doubted.  What 
it  did,  in  fact,  prove,  was,  that  it  requires  a  less 
force  to  drive  Avater  through  the  pores  of  gold 
than  it  does  to  compress  its  bulk.  It  has  been 
questioned  whether  it  even  established  this,  or 
whether  the  percolation  of  water  was  not  due 
rather  to  craclcs  and  fissures  in  the  gold  than  to 
the  severe  pressure  to  which  it  was  submitted ; 
fissures  so  small,  as  not  to  be  visible  to  the  ex- 
perimenter. Even  accepting  the  other  conclu- 
sion, we  are  not  forced  to  believe  water  and 
other  fluids  incompressible.  In  fact  we  see 
that  the  diminution  of  heat  does  compi'ess  them, 
and  knowing  as  we  now  know,  the  identity  of 
the  nature  of  heat  and  mechanical  action,  this 
would  be  sufficient  to  prove  that  they  are  com- 
])ressible  in  certain  circumstances.  But  without 
falling  back  on  this  resource,  experiments  made 
more  carefully  than  the  Florentine  one,  have 
shown  very  clearly  that  liquids  are  compressible. 
Water,  for  example,  has  been  compressed  by  the 
addition  of  a  pressure  of  15  lbs.  per  square  mch  to 
the  atmospheric  pressure  (addition  of  one  atmos- 
phere of  pressm-e)  to  lose  ^xj^oo^l^  °f  i*^^  '^"^l^- 
It  loses  by  the  addition  of  two  atmospheres  pro- 
l)ortionally  more  and  so  on.  This  law  holds, 
within  the  limits  under  which  we  can  safely  ex- 
l)eriment.  We  cannot  procure  pressures  of  a 
thousand  atmospheres,  or  construct  vessels 
capable  of  withstanding  them.  Pressm-es  of  800 
atmospheres  have  been  applied.  Other  liquids 
follow  the  same  law,  each  having  a  different 
coefficient  of  compression  for  the  increase  of 
an  atmosphere  in  pressure.— With  gases  the  case 
diflerent.  The  bulk  of  gases  increases  or 
diminishes  in  exactly  inverse  proportions  to  the 
pressures.  Thus,  if  wo  add  a  pressure  of  one 
atmosphere  to  a  gas,  it  will  bo  reduced  to  one- 
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half  of  its  original  bulk,  if  a  pressure  of  four  at- 
mospheres, to  one-fifth,  and  so  on.  This  law 
holds  for  all  gases  within  certain  limits.  Under 
violent  pressures  gases  evince  a  tendency  to  as- 
sume the  liquid  form.  When  they  reach  pres- 
sures near  those  at  which  they  actuall)*  pass  from 
the  gaseous  state,  the  foregoing  law  becomes  very 
little  reliable.  In  some  instances  such  passage  to 
fluidity  is  the  result  of  pressure  comparatively 
slight ;  with  others  again,  it  has  not  been  foimd 
possible  to  procure  any  indication  of  an  approach 
to  it,  by  our  highest  available  pressures.  Thus 
the  following  gases  are  condensed  into  liquids  at 
the  pressures  noted : — 

GASES. 

Sulphurous  Acid  Gas,  2  atmospheres. 

Cyanogen,   3  ,, 

Ammonia,  5  „ 

Sulphuretted  Hydrogen,  15  „ 

Muriatic  Acid,  24  „ 

Carbonic  Acid  36  „ 

Niti-ous  Oxide,  44  „ 

If,  however,  we  keep  in  mind,  in  the  case  of 
each  gas,  its  point  of  transformation ;  we  may 
safely  apply  the  gaseous  law  above  stated  to  all 
pressures  sensibly  lower. 

Concave.  A  surface  is  said  to  be  concave 
where  lines,  drawn  from  point  to  point  in  it,  fall 
between  the  smface  and  the  spectator ;  and  con- 
vex, where  the  surface  comes  between  the  spec- 
tator and  these  lines.  By  changing  our  position 
one  surface  may  thus  become  to  us  successively 
concave  and  convex.  They  are  merely  relative 
terms.    See  Lens  and  Mirror. 

Concord,  in  Music.  For  an  explanation  of 
the  meaning  of  this,  and  of  the  circumstances  in 
which  it  obtains,  see  Harmonics:  for  an  ex- 
planation of  the  theory,  see  Acoustics. 

Condenser,  Eleciric.  The  use  of  this 
highly  valuable  instrument  is  so  far  indicated  by 
its  name.  The  immediate  result  which  is  con- 
templated in  every  proper  employmerit  of  the 
condenser,  is  the  condensation  of  electric  charges; 
or,  in  other  terms,  the  mcrease  of  electric  tension. 
It  may  be  added,  that  the  final  results  most 
generally  aimed  at,  in  the  emplojonent  of  the 
instrument,  are  electroscopic  and  electrometric 
determinations,  in  regard  to  very  feeble  charges 
or  sources  of  electricity.  And  it  is,  indeed, 
the  extreme  importance  of  such  detemiinations 
that  rendei-s  the  condenser  so  valuable  as  an  in- 
strument of  research.  Suppose,  in  illustration} 
these  remarks,  that  a  charge  has  been  distribuft 
over  such  an  extent  of  surface  that  its  existe 
cannot  be  detected  by  the  emplo>Tnent  of 
simple  electroscope,  such  as  the  electric  pend 
lum.  For  determinmg  the  existence  and 
species  of  a  charge  so  diffused,  the  only  knot! 
method  is  to  accumulate  the  charge,  or  son 
part  of  it,  upon  a  much  smaller  extent  of  surfacel 
than  it  originally  occupies.  This  accumulation  i 
is  the  work  of  the  condenser.  Then,  by  a  simpl? 
change  in  the  conditions  of  the  apparatus, 'WO 
detach  the  accumulated  charge  from  tlie  originw  j 


I 


CON 

iace,  and  make  it  act  on  the  electroscope.  In 
her  illustration,  consider  a  much  more  im- 
.ant  case  than  the  preceding.  Every  electric 
-v  -ce,  with  which  we  are  acquainted,  is  incapable 
.ivolving  electricity  beyond  a  certain  tension, 
sh  depends  upon  the  nature  of  the  source.  If 
t  limiting  tension,  then,  which  corresponds  to 
I  particular  soiu-ce  be  very  feeble,  the  statical 
Icity  evolved  by  the  source  can  be  detected 
^  by  a  process  of  accumulation,  as  in  the 
laer  case.  The  instrument  and  the  process  of 
lulation  are  the  same  in  both  cases.  The 
Idenser  draws  in  fact  upon  the  source,  as  upon 
eery  gi-eat  conductor  very  feebly  electrified. 
18  examples  indicate  to  some  extent  the  im- 
ince  of  the  functions  of  the  condenser  in 
dtro-statical  expeiiment.  They  indicate  also 
t  as  far  as  electroscopic  purposes  are  concerned, 
work  of  the  condenser  is  just  to  increase  a 
charge  in  a  greater  or  less  proportion  ac- 
iling  to  the  power  of  the  instrument.  Consider 
in  what  way  these  important  results  are 
tted.  The  condenser  consists  essentially  of 
plates  in  the  form  of  discs  with  plane  and 
dshed  surfaces.  One  of  the  discs  is  formed  of 
Uating  matter.  The  other  two  are  conductors. 
Uie  adjoined  figure  there  is  a  representation  of 
the  condenser  in  the  form  in 
which  it  is  most  commonly 
employed.  The  insulating 
plate  does  not  appear  in  the 
figure,  its  place  being  sup- 
plied by  thin  shells  of  non- 
conducting varnish,  which 
have  been  painted  upon  the 
surfaces  of  the  conducting 
plates.  As  appears  from  the 
figure,  the  upper  disc  is  fur- 
nished with  an  insulating 
handle,  and  the  lower  is 
wennanent  connection  with  a  gold  leaf  elec- 
xcope.  The  working  of  the  apparatus  is 
jr  simple.  The  upper  disc  is  placed  upon 
"  lower.  The  former,  which  is  called  the 
iiving  plate,  is  then  made  to  communicate 
a  the  source,  while  the  latter,  or  the  condens- 
plate,  is  put  in  communication  with  the  ground. 
4rthis  disposition  the  given  charge  is  placed  in 
Ifaliar  circumstances.  A  conducting  path  has 
1  all  but  opened  up  for  it  into  the  ground ; 
il  it  is  most  important  to  observe  that  the  two 
«feces  which  limit  the  interruption  in  this  path 
■very  extensive  and  very  near  to  each  other, 
u  in  these  circumstances  that  the  power  of  the 
(denser  originates.  By  the  disposition  above- 
tiitioned  the  condenser  is  charged.  An  instant 
lime  is  generally  sufficient  for  the  completion 
*he  charge.  To  manifest  the  charges  accu- 
Sated  in  the  plates,  we  suppress  the  communi- 
non  between  tlie  condensing  plate  and  the 
Band,  and  that  between  the  receiving  plate  and 
><  source.  The  discs  are  then  separated,  and 
f  are  both  found  to  be  charged,  the  upper 
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with  the  electricity  of  the  source,  and  the  lower 
with  the  opposite  electricity.  In  a  good  condenser 
the  intensities  of  the  charges  on  the  two  discs 
differ  very  slightly  from  each  other,  and  are  much 
greater  than  that  of  the  original  chai'ge,  so  much 
greater,  indeed,  that  they  may  give  powerful  effects 
with  the  electroscope  even  when  the  original 
charge  gives  none.  That  there  is  a  considerable 
accumidation  of  electricity  in  the  discs  is  a  fact 
that  may  be  directly  proved  by  experiment ;  but 
we  may  easily  account  for  this  accmnulation 
from  known  and  simple  principles.  The  electri- 
city of  the  source  is  diffused,  first  of  all,  over  the 
surface  of  the  receiTOig  plate.  It  then  acts  by 
induction  upon  the  condensing  plate  through  the 
thin  shell  of  nonconducting  matter  that  sepa- 
rates them.  The  latter  plate,  being  in  commu- 
nication with  the  ground,  receives  therefore  an 
opposite  charge  of  electricity.  This  charge  re- 
acts inductively  upon  that  of  the  receiving  plate, 
and  disguises  a  certain  proportion  of  it,  so  that  an 
additional  quantity  of  electricity  flows  into  the 
receiving  plate  from  the  source.  This  additional 
charge  increases  the  induced  charge  upon  the 
conducting  plate,  and  the  latter  charge  reacts 
therefore  more  poweifully  upon  the  receiving 
plate.  It  is  an  essential  part  of  the  theory  of  the 
condenser,  that  this  process  goes  on,  until  the  free 
charge  in  the  receiving  plate  is  equal  to  that 
which  it  would  have  obtained  in  the  absence  of 
the  condensing  plate.  "We  are  now  in  a  condi- 
tion to  give  a  mathematical  statement  of  the 
theory  of  the  instrument.  Let  p  and  q  be  tlio 
total  accumulated  charges  in  the  receiving  and 
condensing  plates  respectively.  The  circum- 
stances of  the  charges  p  and  q  are  diii'erent. 
The  charge  Q  is  entu-ely  disguised,  so  that  if  the 
condensing  plate  be  touched  by  a  conductor  it 
parts  with  none  of  its  electricity.  On  the  other 
hand,  the  charge  p  consists  of  a  disguised  portion 
and  a  free  portion.  But  the  same  principle  may 
be  applied  to  both  charges,  and  it  is  this — that 
the  total  charge  induced  in  either  plate  has  a 
constant  proportion  to  the  total  inducing  charge 
in  the  other  plate.  This  principle  is  founded  on 
experiment,  and  must  be  acknowledged  as  at 
least  closely  approximating  to  the  truth.  If, 
therefore,  q  be  equal  to  m  p,  the  disguised  part 
of  p  wUl  be  equal  to  mq  or  to  m'^p,  for  the 
disguised  part  of  p  is  the  total  charge  in- 
duced by  Q,  and  must  be,  by  the  above  principle, 
in  the  same  proportion  to  Q  as  Q  is  to  p. 
The  disguised  part  of  the  charge  p  being  then 
M*p,  the  free  charge  upon  the  receiving  plate 
must  be  p — m'p  or  (1 — m*)  p  ;  and,  by  a  prin- 
ciple already  stated,  this  is  the  total  charge  that 
the  receiving  plate  would  havn  obtained  from  the 
source  in  the  absence  of  the  condensing  plate.  If 
M  be  very  nearly  equal  to  1,  which  it  is  in  a 
delicate  condenser,  it  is  evident  that  the  con- 
densed charge  r  is  excessively  great,  compared 
witli  the  free  cliargc  or  the  natural  charge 
(1— M")  p.    In  general,  the  ratio  of  the  fomicr 
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charge  to  the  latter,  or  the  fraction  =  , 

1— M«' 

very  properly  taken  as  the  measure  of  the  con- 
densing power  of  the  instrument.  With  regard 
to  the  charge  q,  which  is  accumulated  in  the 
condensing  plate,  it  is  equal  to  m  p ;  and,  since 
M  differs  very  sliglitly  from  unity,  this  charge 
differs  very  little  from  p.  This  fact  excuses  the 
disposition  represented  m  the  figure,  in  which  the 
electi-oscope  is  connected  with  the  condensing 
rather  than  the  receiving  plate.  The  disposition 
is  required  for  convenience  of  manipulation,  and 
it  is  made,  as  we  see,  at  little  or  no  sacrifice  of 
sensibility  in  the  instrument.  After  these  re- 
marks, it  is  evident  that  the  best  condenser  is 
that  m  which  m  most  nearly  equals  1 ;  in  other 
terms,  it  is  that  m  which  q  nearly  equals  p,  or 
in  which  the  charge  induced  in  the  one  disc  is 
most  nearly  equal  to  the  total  inducing  charge  in 
the  other  disc.  The  entire  question  as  to  the 
efficiency  of  the  condenser  may  therefore  be  re- 
duced to  this:  What  are  the  circumstances  which 
affect  the  value  of  m,  and  how  do  they  affect  it  ? 
There  are  thi'ee  elements  upon  which  m  chiefly 
depends-^the  diameters  of  the  discs,  the  thickness 
of  the  insulating  plate,  and  the  matter  of  which 
the  latter  plate  is  composed.  When  the  dia- 
meters of  the  discs  are  increased,  and  when  the 
thickness  of  the  insulating  plate  is  diminished,  m 
approximates  to  1 ;  but  there  are  practical  Umits 
to  this  approximation.  The  discs  cannot  be 
properly  handled,  nor  even  properly  fitted  to 
each  other's  surfaces,  when  thek  diameters  are 
too  great.  Practically,  the  most  convenient 
magnitude  of  the  diameters  is  between  six  inches 
and  a  foot.  Again,  when  the  thickness  of  the 
insulating  plate  is  too  far  diminished,  a  discharge 
between  the  discs  may  have  place  through  the 
plate.  With  delicate  instruments,  such  as  that 
represented  in  the  figure,  which  are  employed  for 
the  examination  of  very  feeble  charges,  the 
thickness  of  the  insulating  shells  of  varnish  on 
the  surfaces  of  the  discs  is  sometimes  diminished 
to  less  than  y of  an  inch.  The  value  of  m  in 
such  a  case  niuat  differ  from  1  by  an  excessively 
small  quantity.  The  third  element  wliich  was 
mentioned  as  affecting  the  value  of  m  is  the 
matter  of  the  insulating  plate.  It  is  proved, 
by  Faraday's  discoveries  in  Induction,  that  plates 
of  air,  glass,  gum-lac,  and  sulphur,  though  of 
equal  thicknesses,  would  have  different  effects  as 
insulating  plates  in  the  condenser.  Tlie  value  of 
M  increases,  in  fact,  from  each  kind  of  matter  to 
the  following  in  the  above  series.  The  principal 
reason,  however,  for  the  employment  of  gum-lac 
rather  than  the  more  easily  obtained  medium  of 
air,  is  the  greater  power  of  the  former  m  resisting 
discharge  through  its  substance — a  power  tliat 
renders  tlie  gum- lac  safely  reducible  to  a  very 
small  thickness  when  it  is  employed  as  the  insu- 
lating medium.  Before  leaving  the  Theory  of 
the  Instrument,  we  should  observe  that  tlie  value 
of  M  can  be  easily  delermiued  for  any  particular 
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condenser.  When  the  condenser  has  been, 
charged  and  msulated,  and  the  plates  have  been 
separated,  the  total  charges,  p  and  q  on  the  discs, 
may  be  estimated  by  the  Proof  Plane  and  the 
Torsion  Balance.  The  ratio  of  q  to  p  is  si,  and 
from  this  we  easily  find  the  condensing  power 

^      Another  method  is,  to  estimate  first  the 


free  charge  upon  the  receiWng  plate,  and  then, 
after  having  touched  the  receiving  plate  with 
the  finger,  to  estimate  the  free  charge  upon  tlie 
condensing  plate.  The  ratio  of  the  latter  charge 
to  the  former  is  the  same  as  that  of  q  to  p,  and 
therefore  equal  to  m.  This  useful  and  beautiful 
instrument  appears  to  have  been  invented  by 
jEpinus.  It  was  afterwards  improved  by  Volta, 
and  applied  by  him  in  his  delicate  researches  in 
electricity.  Since  the  time  of  Volta,  the  con- 
denser has  been  constantly  in  the  hands  of  ex- 
perimental philosophers,  and  has  contributed  in 
a  great  degree  to  the  progress  of  electric  science. 
As  might  be  expected,  the  instrument  has  passed 
through  a  great  variety  of  forms.  Among 
these,  there  is  one  that  deseives  to  be  spe- 
cially noticed — Peclet's  double  condenser.  This 
instrument  contains  a  singular  addition  to  the 
common  condenser — a  third  conductmg  plate, 
which  is  varnished  upon  both  faces,  and  placed 
between  the  receiving  and  condensing  plates.  A 
charge  is  first  induced  m  the  middle  plate,  ac- 
cordmg  to  the  common  method.  The  receiving 
plate  is  then  removed,  and  a  charge  is  induced 
in  the  condensing  plate,  which,  by  its  reaction, 
disguises  the  greater  part  of  the  charge  which 
induces  it.  The  receiving  plate  is  replaced,  and 
the  process  is  I'epeated.  The  condensing  plate  is 
charged  finally  with  the  result  of  a  double  con- 
densation. This  form  of  the  instrument  is  veiy 
delicate,  but  its  indications  are  vers^  uncertain, 
so  much  so,  indeed,  that  some  have  spoken  of 
the  instrument  as  utterly  useless.  The  figure,  as 
we  have  said,  represents  the  most  conmion  form 
of  the  instrument,  as  well  as  the  earliest  In 
illustration  of  the  services  that  have  been  ren- 
dered to  science  by  the  condenser,  we  may  refer 
to  Volta's  detection  of  the  electric  charges  at 
the  poles  of  the  Pile,  and  to  Pouillet's  beautifiJ 
investigations  on  the  evolution  of  electricity  in 
combustion  and  evaporation. 

Coiitliictioii  in  Hrnt.  Bodies  do  not  trans- 
mit heat  with  the  same  rapidity.  This  can  be 
very  readily  established  by  holding  pieces  of 
steel  wire  and  hardwood  successively  in  the  firs 
for  a  few  mimites,  when  the  firet  will  become  too 
hot  for  tlie  fingers,  while  no  difference  of  tempe- 
rature in  the  wood  \v\\\  be  noticeable.  The  heat 
felt  will  be  due  merely  to  radiation  from  the  fire. 
In  the  same  way  we  may  melt  a  glass  rod  in  the 
fire  or  before  a  l)low])ijie ;  while  the  heat  is  con- 
ducted so  rajndly  through  a  silver  wire  lliat  it 
cannot  be  held  long  m  the  fingers.  Tlierc  is, 
then,  a  difference  of  conducting  power  in  bodies; 
and  those  which  conduct  well,  are  termed  good 
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lodnctors,  as  silver  and  steel  wire. — Heat  pro- 
bated in  conduction,  is  supposed  to  pass  from 
i  particle  to  another,  which  touches  it.  We 
mid  expect,  therefore,  to  find  some  sort  of  rela- 
a  between  the  density  of  a  body  and  the  form  of 
pparticles  in  contact, — and  the  conducting  power, 
icient  indications  of  such  relation  are  already 
id. — The  methods  employed  to  test  the  con- 
iting  power  of  bodies  have  been  various.  Thus, 
l^enhouz  poured  boiling  water  into  a  vessel, 
tithe  sides  of  which  were  holes  fiUed  with  mer- 
ry, into  which  thermometers  dipped ;  and  then 
Ktched  the  rise  of  the  thermometers.  He  also 
ttted  bars  of  several  metals  with  wax,  and 
Ktched  the  rapidity  with  which  the  melting 
ggressed,  and  the  height  on  the  bar  to  which 
Dfose  in  a  given  time.  These  methods  were, 
ever,  rather  capable  of  indicating  the  place 
aa  body  in  a  list  of  conductors,  than  of  ascer- 
■ling  the  exact  proportions  of  their  conducting 
mer.  Despretz's  experiments  were  conducted 
kh  square  prisms  of  the  matter  to  be  exa- 
med,  aU  coated  with  the  same  varnish,  so  as 
r  radiate  similarly.  Along  the  prisms,  at 
uvular  intervals,  holes  were  cut,  and  mercuiy, 
)D  which  thermometers  dipped,  poured  into 
■m.  The  bar  was  then  strongly  heated  at  one 
rcremity,  and  after  alternating  and  varying 
leaewhat,  the  thermometers  at  each  point  came 
smark  (the  heat  being  kept  still  applied)  a 
slstant  temperature.  The  range  of  tempera- 
ses  marked  in  different  substances  gave,  accord- 
r  to  the  theoretical  principles  wrought  out  by 
inrier,  a  measure  of  the  conducting  power.  An 
a  of  the  results  obtained  will  be  given  by 
sese  got  with  a  copper  bar  heated  by  the  flame 
sean  argand  lamp.  The  numbers  represent  the 
loesses  above  the  temperature  of  the  room  in 
ich  the  experiment  was  performed,  noted  by 
successive  thermometers : — 


1st  IW-o. 
2d  80°-9. 


3d  580-7. 
4th  44°-l. 


5th  33°-S. 
6th  32°-8. 


The  results  at  which  Despretz  anived  from 
ae  experiments  are  as  follows: — 


Metals.  Conducting 
Powers. 

!old  1000 

'latinnm  981 

Uver  973 

•'opper.  898 

ron  374 

Inc  363 


Substances.  Conducting 
Powers. 

Tin  304 

Lead  iso 

Marble  23-6 

Porcelain   12-2 

Fire  clay  11-4 


•rhese  three  latter  substances,  however,  cannot 
ily  be  experimented  on,  and  the  results  given 
,  at  best,  doubtful.    It  deserves  notice  that  a 
leral  law,  that  the  more  expansible  and  fusible 
Jtals  conduct  worst,  appears  to  be  indicated.— 
e  difference  of  conduction  is  very  frequently 
nstrated  in  ordinary  Ufc,  when  we  touch  dif- 
mt  bodies  at  the  same  temperature;  which, 
yever,  differs  from  tliat  of  the  fingers.  Suppose 
lece  of  wood  and  of  iron,  both  colder  than  the 
3,  to  be  touched— the  one  by  the  one  hand. 
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and  the  other  by  the  other.  The  hand  placed  on 
the  iron  will  feel  the  cold  much  more  than  the 
other,  because  the  iron,  conducting  heat  more 
rapidly,  tends  more  rapidly  to  bring  down  the 
temperature  of  a  body  in  contact  with  it,  to  what 
it  has  itself.  This  explains  why  it  is  very  diffi- 
cult to  light  a  fire  in  a  massive  metallic  grate, 
and  so  easy  to  do  so  in  a  fire-place  surrounded 
with  bricks.  The  former  conducts  the  heat  away 
too  rapidly — more  so  than  the  kindling  matters 
can  supply  it ;  and  the  latter  scarce  at  all  dissi- 
pates the  heat. 

There  are  many  points  of  view  in  which  this 
difference  of  conducting  power  may  be  made 
economically  important.  Thus,  vessels  of  glass 
and  earthenware  ought  to  be  made  as  thin  as  pos- 
sible where  they  are  likely  to  be  exposed  to  sud- 
den variations  of  heat  and  cold.  Test-tubes,  for 
example,  must  be  of  very  thin  glass  at  those 
points  where  the  heat  is  applied ;  if  not,  the 
outer  glass  contracts  or  expands  by  heat ;  while, 
from  the  bad  conducting  power,  the  uiner  part 
retains  its  heat,  and  therefore  its  extension. 
This  is  the  cause  of  very  frequent  breakage  in 
ordinary  household  ware.  So  again,  in  ice-houses, 
the  walls  should  be  built  double — enclosing 
within,  aU  round,  a  space  of  air  which  conducts 
very  weakly,  and  which  will,  in  consequence, 
impede  the  transmission  of  heat  from  without  to 
the  ice.  Here  the  Convection  (q.v.)  by  wliich 
apparent  conduction  through  air  is  produced  is 
not  possible,  because  there  is  not  provided  a  con- 
stant supply  of  new  air.  The  same  plan  is  adopted 
in  some  wine-coolers,  in  which  it  is  desirable  to 
keep  the  temperature  considerably  below  that  of 
the  smrounding  air. 

The  conducting  power  of  liquids  is  much  less 
considerable  than  that  of  solids.  Woods  hold  a 
sort  of  intermediate  position  between  the  earths 
and  the  liquids,  probably  because  there  is  a  mix- 
ture of  both  in  their  composition.  Their  con- 
'ductmg  power  seems  to  vary  from  about  2  j  to 
4  times  that  of  water.  Charcoal  is  very  remark- 
ably nonconducting,  probably  from  the  amount 
of  watery  vapour  and  of  air  which  it  condenses 
within  its  mass.  Liquids  were  not,  for  some  time, 
imagined  to  conduct  at  all.  They  do  indeed 
transmit  heat,  but  it  was  thought  that  the  prin- 
ciple of  convection  fully  accounted  for  all  that 
they  accomplish  in  this  way.  Experiments,  how- 
ever, were  instituted,  and,  although  no  very  re- 
liable numerical  results  have  been  attained,  it 
has  been  found  that,  taking  the  conductibility 
of  gold  as  1000,  that  of  water  may  be  represented 
by  9  or  10.  Comparative  tables  of  tlieir  con- 
ducting power  have  not  been  prepared  to  any 
considerable  extent.  Dr.  Thomas  Thomson 
gives  the  following  proportions : — 

Water,  conducting  power  1  -t 

Linseed  oil,       —  1  -1 11  >■  Equal  volumes. 

Mercury,  —  "2  j 

Water,  conducting  power  1  t 

Linseed  oil,       _  1  'OSO  > Equal  weighti 

Mercury,         —  48  j 
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Brewster's  very  interesting  experiments  iipon 
conductibilitj'^,  upon  optical  principles,  are  too 
complicated  for  insertion  here.  They  will  be 
found  in  his  Edinburgh  Q/clopcedia,  and  in  the 
Philosophical  Transactions  for  1810. 

Gcises  are  still  worse  conductors  than  liquids. 
Their  conducting  power  is,  in  fact,  quite  insen- 
sible. Doubtless,  a  room  very  rapidly  gets 
heated,  but  it  is  not  so  much  by  the  conduction, 
as  by  the  radiation  of  heat.  Gases  do,  to  a  cer- 
tain extent,  unquestionably  conduct,  as  all 
bodies  must ;  but  their  transmission  of  heat  is 
chiefly  due  to  convection.  Its  existence  can  be 
readily  proved  by  holding  the  hand  above  and 
below  a  flame,  at  equal  distances  from  it.  There 
is  a  constant  upward  current  of  heated  air,  which 
makes  it  impossible  to  keep  it  iu  the  one  posi- 
tion; while  in  the  other,  though  the  som-ce  of 
heat  is  exactly  the  same,  and  the  distance  also, 
the  heat  received  by  the  hand  is  quite  incon- 
siderable. The  existence  of  some  air  in  his 
vacuum,  probably  accounts — on  this  principle 
of  convection — for  Pictet's  observation,  that  a 
bar,  heated  at  the  luiddle  in  vacuum,  heats  more 
rapidly  upward  than  downward.  So  far  this  air, 
indeed,  must  have  existed  in  the  vacuum,  be- 
cause in  the  pores  of  every  body  a  certain  amount 
of  it  is  confined,  which,  on  being  liberated,  would 
expand  out,  giving  a  very  rare  atmosphere,  yet 
capable  of  producing  sensible  etFect. 

A  verj'  remarkable  consequence  of  the  small 
conducting  power  of  gases  is,  its  effect  upon  the 
warmth  of  clothmg.  In  the  pores  of  clothing 
materials  there  is  always  a  certain  amount — 
often  enormously  disproportionate  in  volume 
to  the  other  matter  of  which  they  consist 
— of  air  imprisoned.  In  some  kinds  of  cloth- 
ing this  air  is  held  with  considerable  force — 
in  most  not.  But  by  such,  the  teraperatiure  of 
the  body  is  not  readily  allowed  to  sink  far  below 
the  average.  The  heat  which  the  cold  outer 
masses  tend  to  take  from  it  traverses  very  slowly 
the  layer  of  air  intervening,  which  is  not  per- 
mitted to  change.  The  naked  body  is,  indeed, 
also  surrounded  by  such  a  layer,  but  the  warm 
air  is  allowed  to  pass  off,  and  be  constantly 
supplied  by  new  air,  requiring  fresh  suppUes. 
Thus  the  process  of  convection  soon  cools  us. 
Clothing  generally  is  quite  capable  of  preventing 
this,  and  the  greater  the  proportion  of  the  air  to 
the  other  material,  the  warmer  is  the  clothing. 
Thus,  Rumford  found  that  a  thermometer  cools 
through  136°  when  embedded  in  the  following 
substances,  as  foUows: — 


Seconds. 

Air  in  57G 

Cotton  Wool  104G 

Raw  Silk  1283 

Eider  Down  1305 


Seconds. 

Fine  Lint  1032 

Sheep's  Wool. ..1118 
neiiver's  Fur... .1296 
Hare's  Fur  1316 


This  represents  merely  the  time  taken  when 
the  embedding  substance  was  not  manufactured. 
Some  of  these,  as  we  know,  admit  of  closer  tex- 
ture in  manufacturing— some  of  looser.    In  the 
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latter  case  the  warmth  is  increased— in  tlu; 
former  diminished.  It  was  tliought  at  first  pro- 
bable that  these  difl'erences  might  be  occasioned 
by  the  different  natures  of  the  silk,  and  lint,  and 
wool,  &c. ;  but  it  was  found  that  the  effect  increased 
when  there  was  less  compression,  and  more  air 
consequently,  pennitted,  and  diminished  on  com- 
pression. Kadiation  has  some  eflTect  undoubtedly 
in  producing  this  difference  of  warmth  in  clotliing ; 
but  the  foregoing  is  the  chief  cause  of  it  The 
same  principle  explains  the  power  of  snow  to 
protect  vegetation.  It  also  is  very  porous,  and 
filled  lilte  fleece  with  air.  Conduction  from 
the  cold  upper  air  and  sky  down  to  the  snow- 
covered  earth  is  therefore  very  difficult,  while 
there  comes  up  from  the  heart  of  the  world 
to  the  cold  surface  an  unchilled  supply  of  genial 
warmth. 

M.  de  Senarmont  has  recently  published  a  re- 
markable series  of  experiments  on  the  conduction 
of  heat  in  crystalline  bodies.  Perfect  crj^stals 
are  usually  so  small,  that  this  had  been  thought 
impracticable.  He  employed  crj'stalline  plates 
cut  from  the  cr3'stal,  according  to  certain  rela- 
tions with  the  optical  axis,  and  passed  through 
them  a  silver  wire  heated,  and  kept  at  a  constant 
heat,  by  conduction  from  a  fire  at  a  distance. 
He  notes  the  passage  of  the  heat  across  the  plate, 
by  covering  the  plate  with  a  thin  coating  of  wax, 
which  melts  as  the  heat  advances.  At  any  time 
there  will  be  formed  isothermal  cun'es  round  the 
centre  of  heat ;  that  is,  curves  along  whose  bor- 
ders the  heat  is  equal.  If  these  be  circles,  the 
crystal  will  have  conducted  heat  imiformly  in 
aU  directions ;  if  figures  of  other  forms,  not  so. 
The  outlhie  of  these  isothermal  curves  will,  at 
any  moment,  be  the  border  of  the  wax  which 
divides  the  melted  and  unmelted  portions.  Em- 
ploying many  very  dehcate  mechanical  and 
theoretical  refiuoenients,  M.  Senarmont  arrived  at 
the  follo'^ving  results : — 

1.  In  crystals  of  the  regular  system  the  con- 
ductibihty  is  equal  in  all  directions,  and  the 
isothermal  surfaces  are  therefore  spheres.  It 
ought  to  be  noticed  that,  instead  of  a  plate,  a 
solid  a'ystal  is  here  spoken  of. 

2.  In  the  right  prismatic  system,  with  square 
base,  the  conductibility  takes  a  maximum  or 
minimum  value  in  the  direction  parallel  to  the 
axis  of  the  figure;  it  is  equal  in  all  directions 
perpendicular  to  this  axis,  and  the  isothermal 
surfaces  are  ellipsoids  of  revolution  round  the 
symmetrical  axis. 

3.  In  crystals  of  the  rhombohedral  system,  or 
that  of  the  right  rhomboidal  or  rectangular 
prism,  the  conductibility  has  three  values — a 
maximum,  a  mcfin,  and  a  minimum  —  follow- 
ing three  rectangular  directions,  always  parallel 
to  the  axis  of  the  crj'stal,  and  the  isothermal 
surfaces  are  ellipsoids,  whose  three  unequal  axes 
coincide  ydth  the  axes  of  sjnnmetry. 

4.  In  the  system  of  the  obUque  rectangular 
prism,  the  conductibility  takes  three  different 
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..:e3,  at  right  angles.  The  first  is  parallel  to 
ccrystallographic  axis,  and  the  second  and 
ii  being  connected  apparently  with  no  axis 
fijrmmetry,  depend  on  the  special  nature  of  each 
fividual  crystal.  The  isothermal  surfaces  are 
defore  ellipsoids  -with  three  unequal  axes,  only 
c  of  which  is  previously  determined  in  posi- 

t  is  only  needful  to  state  these  laws  to  show 
mce  the  very  close  analogies  which  subsist 
•een  the  propag|ation  of  heat  and  of  light 
lugh  crystalline  substances. 
;<!ondnction  of  ElecJricity.  A  few  re- 
tks  are  made  upon  this  subject,  in  the  article 
SElectricitt.  In  the  present  article,  we  may 
or  into  some  of  the  more  important  details. 
Iduction,  according  to  the  common  use  of  the 
,  denotes  not  the  transference  of  electricity 
H^neral,  but  a  particular  mode  of  transference, 
nre  are,  in  fact,  four  pretty  distinct  ways  in 
dch  free  electricity  is  transferred  through  space. 

are,  conduction,  disruptive  discharge,  elec- 
vtytic  discharge,  and  convection.  The  last  of 
ese  modes  bears  the  same  relation  to  the  conduc- 
1  of  electricity,  that  the  convection  of  heat 
BTS  to  the  conduction  of  heat.  We  have  a 
id  example  of  convection  in  the  case  of  an  elec- 
e»ed  conductor,  insulated  in  air  which  contain- 
titing  particles  of  dust.  The  particles  are  ats 
tcted  to  the  body,  then  electrified  by  discharge 
Montact,  then  repelled,  taking  with  them  a  per- 
il of  the  original  charge.  By  the  continuance 
ithe  action,  the  charge  may  be  dissipated  in  a 
fy  little  time.  This  instance  illustrates  the 
■erence  between  convection  and  conduction, 
ctctricity  is  transferred  etfectively  in  both  ways ; 
;  in  convection,  the  charge  is  transferred  by 
luaining  stationary  upon  a  moving  body,  whUe 
conduction  the  electricity  is  transferred  through 
Ktionary  matter.  Common  conduction  is  dis- 
rtguished  further  from  electrolytic  discharge  by 
!  powerful  agency  of  the  chemical  forces  in  the 
ter,  an  agency  that  affects  the  entire  character 
the  electric  phenomena.  With  regard,  finally, 
disruptive  discharge,  it  is  true  that,  from  the 
ist  violent  cases  ,  of  discharge  in  this  form,  to 
8  most  quiescent  forms  of  conduction,  we  can 
Rce  experimentally  a  series  of  cases  differing 
»;lefrom  each  other;  yet  the  common  pheno- 
•tna  of  disniptive  discharge  are  so  very  distinct 
»m  those  of  conduction,  that  the  two  modes  of 
smsference  are  justly  described,  in  general,  un- 
separate  heads.  The  cu'cumstances  that  af- 
t  the  conduction  of  electricity  are  various, 
mong  these,  the  most  e^^dent  "is  the  specific 
"hdncting  power  of  bodies.  When  two  insu- 
ed  bodies  are  charged  with  opposite  electrici- 
5,  and  connected  by  a  rod  that  touches  both, 
;  result  depends  upon  the  species  of  matter  of 
lich  the  rod  consists.  With  one  kind  of  matter 
J  charges  remain  on  the  original  surfaces,  with 
^^ther  kind  they  imite  through  the  rod,  and  are 
itralized  in  whole  or  part.    We  say,  therefore. 
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that  one  rod  has  a  greater  conducting  power  than 
another.    With  limitations  to  be  afterwards  men- 
tioned, it  is  found  that  the  degi-ee  of  conducting 
power  is  constant  for  the  same  kind  of  matter 
We  therefore  speak  of  the  specific  conducting 
powers  of  bodies.    There  are  such  clear  distinc- 
tions among  the  various  kinds  of  matter  in  regard 
to  this  property,  that  bodies  have  been  arranged 
in  tables  in  the  order  of  their  conducibility.  At 
the  bottom  of  such  a  table,  or  among  the  best  in- 
sulators, are  glass,  silk,  wax,  gutta  percha,  sul- 
phm-,  spermaceti,  oil  of  turpentine,  &c.  The 
metals  have  been  always  recognized  as  the  best 
conductors.    The  liquids,  with  the  exception  of 
the  oils,  are  good  conductors.    The  latter  fact 
explams  the  conducting  powers  of  many  bodies. 
The  presence  of  moisture  in  the  pores  or  upon 
the  surface  of  a  nonconductor,  will  give  it  a 
greater  or  less  degree  of  conducting  power. 
Without  entering  farther  into  this  point,  we  may 
observe,  that  the  various  bodies,  natural  and  arti- 
ficial, take  such  a  wide  range  in  regard  to  specific 
conducibility,  that  it  is  common  to  speak  of  some 
bodies  as  perfect  conductors,  and  of  others  as  per- 
fect insulators.    Faraday,  however,  has  hazarded 
the  proposition,  that  all  bodies,  from  the  metals 
to  gum-lac  and  the  gases,  conduct  electricity  in 
the  same  manner,  though  in  very  different' de- 
grees.   We  have  not  space  here  to  show  how 
powerfully  this  proposition  is  supported  by  expe- 
riment.   Another  circumstance  that  affects  con- 
duction is,  the  temperature  of  bodies.  Well- 
dried  glass,  at  common  temperatures,  is  one  of  the 
best  insulators;  as  its  temperature  increases,  it 
receives  a  continually  increasing  conductive  power, 
until,  at  a  red  heat,  it  conducts  very  well.  Simi- 
lar effects  have  been  observed  with  other  non- 
conducting bodies,  solid  and  liquid.  Tempera- 
ture affects  also  the  conducting  powers  of  the 
metals.    But  it  is  remarkable  that  the  effect  in 
this  case  is  contrary  to  that  observed  in  the  case 
of  bad  conductors ;  as  the  temperature  of  a  metal 
increases,  the  conducting  power  diminishes.  An- 
other circumstance  that  affects  conduction,  is  the 
physical  state  of  bodies,  as  liquid  or  solid.  It 
has  been  long  known  that,  while  water  is  a  good 
conductor,  ice  is  a  very  good  insulator.    A  globe 
of  ice  has  been,  indeed,  successfully  employed  in 
the  electric  machine,  instead  of  the  common  cylin- 
der or  plate  of  glass.    It  has  been  stated  fur- 
ther by  Faraday,  as  a  very  general  law,  that 
bodies  assume  a  conducting  power  during  lique- 
faction, which  they  lose  during  congelation.  The 
connection  between  this  law  and  that  of  the  influ- 
ence of  temperature  last  mentioned  can  hardly  bo 
doubted.    Among  the  circumstances  that  affect 
conduction,  we  should  not  omit  to  notice  the  di- 
mensions of  the  conductor  and  the  intensity  of 
the  charge.    The  former  circumstance  will  be 
taken  up  more  properly  in  the  article  on  Cur- 
rents ;  the  latter  may  be  thus  briefly  illustrated. 
The  same  body  maj'  act  in  a  Voltaic  circuit  as  a 
good  conductor,  and  in  a  Thermo-electric  circuit 
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as  a  perfect  insulator ;  the  reason  being  this,  that 
the  intensity  of  the  electricity  evolved  in  the 
former  case  is  much  greater  than  that  in  the 
latter.  For  further  information  upon  the  sub- 
ject of  conduclion,  see  Currents.  We  have 
now  to  refer  to  the  tlieory  of  conduction.  In 
the  older  theoretical  speculations  upon  electri- 
city, conduction  was  regarded  as  the  mere  pas- 
sage of  the  electric  fluid  or  fluids ;  and  the  only 
agency  ascribed  to  the  conductor  was,  that  of 
affording  a  passage  to  the  electricity  with  more 
or  less  facility.  An  important  addition  was  made 
to  the  theory  of  conduction  by  Delarive.  He 
compared  a  continuous  conductor  to  a  series  of 
indefinitely  small  conductors  placed  in  a  line  and 
insulated  from  each  other.  If  two  oppositely 
charged  bodies  were  put  in  contact  with  the  ex- 
tremities of  this  line,  the  first  effect  would  be  a 
system  of  inductive  actions,  by  which  every  one 
of  the  small  conductors  would  be  electrified  posi- 
tively on  the  one  side  and  negatively  on  the  other. 
The  limiting  case  of  these  inductive  actions  would 
be  a  system  of  discliarges  between  contiguous 
conductors,  and  this  would  constitute  the  conduc- 
tion of  electricity  through  the  whole  series  of 
small  bodies.  This  view  of  conduction  is  evi- 
dently to  a  great  extent  hypothetical;  and  yet  its 
importance  cannot  be  questioned.  Its  value  con- 
sists principally  in  this,  that  it  explains  the  elec- 
tric properties  and  actions  of  masses  by  the  as- 
sumption of  molecular  properties  and  actions  of 
the  same  kind.  Faraday's  Theory  of  Conduction 
might  now  be  noticed,  but  it  may  be  taken  up 
much  more  satisfactorily  in  the  article  on  Induc- 
tion. Certain  general  relations  of  the  subject 
will  be  found  also  under  Electricity. 

Coiic.  A  solid,  whose  base  and  every  section 
parallel  to  it  is  a  circle — more  generally — anj^ 
curve  returning  into  itself— and  which  termi- 
nates in  a  point  called  the  apex.  The  line 
from  the  apex  to  the  centre  of  the  base  is 
called  the  axis ;  the  height  is  the  perpendicu- 
lar on  the  base  from  the  apex.  The  ordinary 
right  cone  has  a  circular  base,  to  which  the 
axis  is  perpendicular ;  the  oMique  cone  has 
the  axis  inclined  to  the  plane  of  the  base. 
A  truncated  cone  is  the  lower  half  of  a  cone 
cut  by  a  plane  parallel  to  the  base.  The 
cone  is  in  fact  a  species  of  pyramid  with  an 
infinite  number  of  infinitely  small  sides.  The 
pyramid  and  cone  depend  on  the  same  principles, 
and  the  same  rules  apply  to  them.  The  convex 
surface  of  the  right  cone  is  equal  to  half  the 
product  of  the  circumference  of  the  base  by  the 
side  of  the  cone— the  side  being  a  line  drawn 
from  the  apex  to  any  point  of  the  circumference 
of  the  base.  The  solid  content  of  the  cone,  like 
that  of  the  pyramid,  is  one-third  of  that  of  a 
cylindrical  solid  of  the  same  base  and  height, 
i.e.  one-third  of  the  product  of  the  base  by  the 
height.  The  volume  of  a  truncated  cone  is 
equal  to  the  product  of  half  the  sum  of  its 
parallel  ends  by  the  perpendicular  distance 
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between  them.  Its  convex  surface  is  equal  to 
the  product  of  half  the  sum  of  the  circumference 
of  its  ends,  by  its  side. 

Congelation,  I^ine  of  Perpetual.  See 

Snow. 

Congelation  —  Rcgclation.  (See  Ick.) 
The  subject  now  referred  to  has  recently  assumed 
an  importance  that,  until  recently,  did  not  be- 
long to  it.  We  shall  discuss  its  peculiarities 
and  physical  bearings  in  detail  under  article  Ice  ; 
but  it  is  needful  that  a  few  general  remarks 
be  made  here — Congelation  is  the  process  by 
which  liquids  pass  into  the  solid  state,  whether 
through  effect  of  pressure  or  of  the  lowering  of 
their  temperature.  The  latter  cause  was,  until 
recently,  held  as  the  chief  cause  of  congelation, 
and  the  temperature  of  freezing  water  was  taken 
therefore  as  an  absolute  point  of  temperature. 
But  it  is  now  \ery  apparent  that  tempera- 
ture is  only  one  element.  Gases  can  be  pressed 
into  the  liquid  form,  and  liquids  into  the  solid 
form,  by  a  combination  of  the  two  powers, — 
pressure  and  the  lowering  of  temperature.  In- 
teresting relations  between  pressure  and  tem- 
perature, in  reference  to  the  freeaing  of  water, 
were  first  brought  out  b^'  Mr.  James  Thomson, 
C.E.,  Belfast.  (See  Ice.) — Furthermore,  in 
reference  to  temperature  alone,  the  existence  of 
singular  anomalies  has  long  been  known,  and 
remained  as  a  great  puzzle ;  for  instance,  liquids 
often  refused  to  solidify  at  the  canonical  tempe- 
rature. Faraday  has  recently  given  forth  some 
strikingviews  on  this  whole  subject: — "In  alluni- 
form  bodies  possessing  cohesion,  i.  e.,  being  either 
in  the  solid  or  the  liquid  state,  particles  which 
are  surrounded  by  other  particles  having  the  like 
state  with  themselves,  tend  to  preserve  that  state 
even  though  subject  to  variations  of  temperature, 
either  of  elevation  or  depression,  which,  if  the 
particles  were  not  so  surrounded  would  cause 
them  instantly  to  change  their  condition.  As 
water  is  the  substance  in  which  regelation  occurs, 
we  will  illustrate  the  principle  by  the  phenomena 
which  it  presents.  Water  may  be  cooled  many 
degrees  below  32°  Fahr.,  and  yet  retain  its  liquid 
state  for,  as  far  as  we  know,  any  length  of  time 
without  soliditication ;  yet,  introduce  a  piece  of 
the  same  chemical  substance,  ice,  at  a  higher 
temperature,  and  the  cold  water  freezes  and 
becomes  warm.  It  is  certainly  not  the  change 
of  temperature  which  causes  the  freezing,  for  the 
ice  introduced  is  warmer  than  the  water.  AVe 
assume  that  it  is  the  diflerence  in  the  condition 
of  cohesion  existing  on  the  different  sides  of  the 
changing  particles  which  sets  tliem  free  and 
causes  tiie  change.  The  cold  water  particles 
would  willingly,  as  to  temperature,  have  solidi- 
fied without  the  ice,  but  were  held  fluid  by  tlio 
cohesion  with  them  of  other  like  fluid  particles 
on  all  sides.  In  the  other  direction,  Donny's 
experiments  have  taught  us  that  the  cohesion 
amongst  the  particles  of  water  is  so  great,  that  it 
will  support  a  column  of  the  fluid  four  or  more 


COIT 


CON 


r  high,  when  there  is  no  other  power  to  sus- 
1  it;  or  will  cause  it  to  resist  conversion  into 
state  of  vapour  at  temperatures  so  much 
her  than  its  ordinary  boiling,  or  condensing 
lit,  that  explosion  will  occur  when  the  conti- 
;ty,  and  therefore  the  cohesion,  is  destroj'ed. 
le  water  may  be  exalted  to  the  temperature 
270°  Fahr.,  at  the  ordinary  pressure  of  the 
inosphere,  and  remain  as  water;  but  the  intro- 
iction  of  the  smallest  particle  of  air  or  steam 
ill  cause  it  at  once  to  burst  into  vapour,  and  at 
t;  same  time  its  temperature  falls. — This  abilit}'' 
!\ich  water  has  to  retain  by  cohesion  its  liquid 
lie,  refusing  to  solidify  when  below  the  freezing 
int,  or  to  become  vapour  when  above  the  boil- 
4  point,  it  has  in  common  with  many  other 
stances." 

^'ongrnences.  Two  whole  numbers,  a  and 
are  said  to  be  congruous  to  each  other,  with 
•  pect  to  the  modulus  m,  when  the  difference 
—  6  is  dinsible  without  remainder  by  m.  The 
lation  of  congruity  is  in  itself  so  elementary 
d  patent,  that  it  has  attracted  the  notice  of 
ithematicians  from  the  very  infancy  of  the 
eory  of  numbers.  Many  important  proposi- 
)ns  in  that  theory  are  mere  statements  of  con- 
uity  in  particular  cases  —  such  as  Fermat's 
eorem  and  Sir  John  Wilson's.  But  the  subject 
s  risen  into  new  importance  since  the  publica- 
m  of  Gauss's  Disquisiliones  ArithmeticcB,  sl  work 
which  many  original  results  of  an  interesting 
id  valuable  land  were  obtained  by  a  thorough 
jdy  of  relations  of  congruity.  Gauss  proposed 
new  notation,  which  is  very  likely  to  prevail 
liversally  :  he  writes  a  Congrumce,,  or  a  state- 
ent  of  congruity,  between  a  and  6,  in  a  manner 
ry  similar  to  an  equation  between  a  and  6,  onlj' 
th  three  lines  instead  of  the  two  =,  An  im- 
ediate  advantage  derived  from  the  notation  is, 
at  it  reminds  us  of  the  close  analogies  wliich 
ist  in  fact  between  congruences  and  equations, 
d  enables  us  to  submit  congruences  to  many 
insforming  operations  with  the  greatest  ease, 
I  without  any  danger  of  confusion.  After 
1(38,  other  mathematicians  have  been  occupied 
ah  the  subject,  especially  Poinsot,  Gallois,  and 
They  have  found  the  properties  of  con- 
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lences  to  be  of  the  utmost  value  in  the  higher 
irts  of  algebra  and  of  the  theory  of  numbers, 
itat  the  most  valuable  result  obtained  from  the 
iifady  of  congruences  undoubtedly  is,  that  bv 
sis  means  the  theory  of  numbers  lias  been  saved 
Bm  the  reproach  and  inconvenience  of  an  utter 
icontinuity  of  part.s.  A  large  part  of  the 
oeory  of  numbers  might  now  be  thrown  into  a 
■fin  as  systematic  and  as  closely  reasoned  as  the 
neoiy  of  equations,  and  in  many  points  bearing 
Aclose  resemblance  to  it.  The  best  connected 
.position  of  the  subject  will  be  found  in  Serrets' 
wJyeire  Superieure,  where  three  chapters  ('23,  24, 
0  are  devoted  to  it.  The  English  student  of 
«  higher  Algebra  would  do  weU  to  master  this 
iportaut  work. 


Conic  Sections.  Four  curves  formed  by 
sections  of  the  right  circular  cone  made  by  a 
plane  in  dilFerent  directions.  If  the  plane  cut- 
ting the  cone  be  parallel  to  the  base  the  curve 
will-  be  a  circle.  If  it  cut  it  slant  across,  cutting 
the  two  sides,  the  curve  will  be  an  ellipse.  If  it 
be  parallel  to  the  side  of  the  cone  it  will  be  a 
parabola,  and  any  other  section  will  be  a  hyper- 
bola, if  it  be  inclined  to  the  axis  at  a  less  angle 
than  the  side  of  the  cone.  If  two  cones  were 
set  one  on  the  top  of  the  other,  so  that  the  one 
is  just  a  continuation  of  the  other  through  the 
apex,  a  plane  which  by  section  would  make  a 
hyperbola  would  cut  the  second  cone  as  well  as 
the  first,  though  none  of  the  other  planes  would. 
There  are  thus  two  equal  branches  of  the  hyper- 
bola belonging  to  the  two  cones  respectively. 

Other  methods  of  describing  the  conic  sec- 
tions on  a  plane  are  frequently  given.  From 
that  already  specified  the  name  comes.  The 
circle  is  described  by  a  compass.  The  method 
of  describing  the  ellipse,  parabola,  and  hyper- 
bola, is  mentioned  elsewhere.  The  general 
equation  which  represents  all  of  the  conic 
sections  is  y^  =  mx  4-  nx"  —  ,  in  which, 
for  the  parabola  n  =  o,  for  the  ellipse  m  = 


2b« 


and  n ; 


b» 

_,  for  the  circle  m  =  2  a;  n  = 


—  1,  (b  and  a  beuig  equal),  and  for  the  hyper- 
2b»     ,  b^ 

Dolam  =        and  n=— .  See  Ellipse,  Hy- 

a  a«  ' 

PEEBOLA,  Parabola. 

Conjunction.  When  two  or  more  bodies  are 
seen  very  nearly  at  the  same  point  of  the  sky, 
we  say  that  they  are  in  conjunction.  Conjunctions 
are  geocentric  or  heliocentric,  i.e.  we  do  see  the  bo- 
dies together  or  nearly  so,  in  the  former  case;  andm 
the  latter  we  would  see  them  so  if  we  observed  from 
the  sun.  It  is  always  necessary  to  remember  that 
our  observations  at  the  surface  of  the  earth  require 
to  be  reduced  to  what  they  would  be  at  the 
centre.  This  is  customary  in  order  to  secure  a 
method  of  marking  the  exact  times  of  conjunc- 
tion, and  that  every  observer  may  malie  his 
observations,  at  once  useful  to  every  other.  The 
conjunctions  most  frequently  mentioned  are  of 
the  planets  and  sun.  When  the  sun  and  a 
planet  are  in  the  same  direction  from  us,  they 
are  in  conjunction.  The  terms  inferior  and 
superior  conjunction  refer  to  this.  Some  of  the 
planetary  orbits  are  -within  the  eartli's  orbit. 
These  are  called  inferior  jilanets,  sucii  as  Mer- 
cury and  Venus.  Now  tliey  will  clearly  be  in 
conjunction  with  the  sun  twice:  1st.  When 
they  are  between  us  and  the  sim ;  and  2d.  When 
the  sun  comes  between  us  and  them.  Tlio 
former  is  said  to  be  inferior  conjtmctlon,  the 
latter  superior  conjunction.  The  superior  planets, 
whose  orbits  lie  entirely  without  that  of  the  earth, 
such  as  J upiter,  never  come  between  us  and  the 
sun,  and  therefore  there  is  no  inferior  conjunction 
with  them.    When,  however,  "we  come  between 
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them  and  the  sun,  they  are  said  to  be  in  opposi- 
tion to  the  sun. — Grand  conjunctions  are  said  to  be 
those  where  several  stars  or  planets  were  found  to- 
gether, or  near  one  another.  Thus,  on  March  17th, 
1725,  Mercury,  Venus,  Tilars,  and  Jupiter,  were  all 
to  be  seen  by  the  same  telescope  at  the  same  tune, 
without  altering  its  direction.  The  Chinese 
history  records  a  grand  conjunction,  in  tlie  reign 
of  tbe  Emperor  Tehuen-hiu  (2514-2436  B.C.), 
of  five  of  the  planets.  Astronomers  calculate 
that  such  a  conjunction  actually  took  place  in 
2461  B.C.,  when  Saturn,  Jupiter,  Mars,  Mercuiy, 
and  the  Moon,  were  within  14°  of  one  another. 
The  moon  could,  however,  scarce  be  mistaken 
for  a  planet,  and  in  all  Ukelihood  the  grand  con- 
junction is  merely  a  conjunction  of  three  or  four 
planets,  of  much  more  recent  date,  magnified  into 
five  for  the  glory  of  the  Celestial  Empire. 

Coiiucctiiig  Bod.  A  rod  in  a  machine 
intended  to  transfer  motion  from  the  place  of  its 
generation  to  a  point  where  it  is  required.  It 
is  attached  to  one  pomt  which  moves  directly, 
and  to  another  point  intended  to  move.  The 
motion  of  the  former,  is  by  it  communicated  to 
the  latter.  There  are  dilTerent  forms  of  it,  ac- 
cording to  the  kind  of  motion  originally  produced 
and  the  kind  which  may  be  required  in  the  point 
to  which  it  is  fastened.  See  Willis's  Principles 
of  Mechanism. 

€oiioi<1.  A  solid  formed  by  the  revolution  of 
a  conic  section  round  its  axis.  The  sphere, 
the  paraboloid,  the  elhpsoid,  and  the  hyperbo- 
loid,  are  the  various  conoids. 

Couservation   of   Force.     See  Article 
Force. 

Coustcllataon.  The  first  appearance  of  the 
celestial  vault  gives  us  no  idea  of  order  or  uni- 
formity. The  stars  seemed  strewed  up  and 
down;  and  we  should  not  expect,  therefore,  in 
this  irregularity  to  find  them  keep  their  relative 
positions.  They  do  so,  however— with  a  few  ex- 
ceptions (planets)— and  hence  the  vault,  night 
after  night,  presents  the  same  appearance  to  tlie 
spectator.  This  makes  it  possible  for  the  ob- 
sers-er  to  watcli  all  the  phenomena  of  any  one 
star.  If  the  stars  were  visible  m  the  day-time, 
he  might  follow  it  round  and  round  its  circuit. 
But  the  sun  blots  out  the  stars  in  the  morning, 
and  the  night  restores  them  to  the  sky.  All  this 
time  the  stars  have  been  moving,  and  are,  there- 
fore, not  found  in  the  same  place  in  which  he  left 
tliem  in  the  morning.  How,  tlien,  shall  he  re- 
discover his  lost  star  ?  In  this  difficulty,  he  lias 
recourse  to  the  grouping  of  the  stars.  He  notices 
three  or  four  wiiich  liave  a  peculiar  configuration 
—which  stand  at  certain  distances— and  which 
appear  with  certain  lustres.  These  are  different 
in  their  total  appearance,  from  any  other  equal 
number  in  the  sky.  He  recognizes  the  group 
then  at  niglit,  and  each  star  by  its  mdividual 
position  in  tlie  group.  This  grouping,  arbitrary 
for  eacli  observer,  would  be  suflicient.  if  ho  could 
remember  it  distinctly,  and  if  he  confined  his  ob- 
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servations  entirely  to  himself.  But  he  wishra 
to  communicate  what  he  obser\'es,  and  to  ex- 
change communications.  In  order  that  he  may 
do  so,  a  uniform  system  of  grouping  is  adojjted, 
and  this  system'  is  also  intended  to  assist  the 
memory.  Unfortunately,  this  last  end  has  been 
very  inadequately  attained.  The  groups  are 
called  Constellations. — The  system  of  group- 
ing  universally  employed  bases  principally  upon 
the  Grecian  mythology.  Figures  of  men  and 
of  beasts  are  supposed  to  be  outlined  in  the 
sky  by  various  groups  of  stars,  and  mytholo- 
gical names  are  assigned  to  them.  The  stars 
in  each  constellation  are  named  by  the  letters 
of  the  Greek  alphabet  (a,  /!?,  y,  &c.),  in  the 
order  of  their  brilliancy,  and  when  there  are 
more  stars  than  there  are  letters,  the  ordinarj' 
numerals  follow  in  succession.  The  division  of 
the  stars  into  constellations  is  very  ancient.  It 
is  mentioned  in  Job,  and  in  Hesiod  and  Homer. 
Aratus  made  a  formal  arrangement ;  but  the  firet 
generally  received  was  that  of  Ptolemy,  in  which 
the  heavens,  visible  to  him,  were  divided  into  48 
constellations — 12  in  the  zodiac,  21  in  the  north- 
em,  and  15  in  the  southern  hemisphere ;  HeveUns 
added  12  new  constellations,  Halley  8,  Bayer  12. 
La  Caille  15,  and  different  other  astronomers  1- 
more.  The  complete  number  is  thus  107.  TL 
following  is  a  list  of  the  constellations: — 

CONSTELLATIONS  OF  PTOLEMY. 
Northern. 

1.  Ursa  Minor  (the  Little  Bear). 

2.  Ursa  Major  (the  Great  Bear). 

3.  Dr.aco  (the  Dragon). 

4.  Cepheus. 

5.  Bootes  (the  Ox  Driver). 
C.  Corona  Borealis  (the  Northern  Crown). 

7.  Hercules. 

8.  LjTE  (the  Lyre). 

9.  Cygnus  (the  Swan). 
10.  Cassiopeia. 

Perseus. 

Auriga  (the  Charioteer). 
Ophiuchus  (the  Senicnt  Bearer). 
Serpens  (the  Sei-pent). 
Sagltta  (the  Arrow). 
Aquila  and  Antinous(the  Eagleand  Antmo 
Delphinus  (the  Dolphin). 

18.  Eqmilcus  (the  Little  Horse). 

19.  Pegasus. 

20.  Andromeda. 
Triangulus  (the  Ti'iangle). 

ZODIACAL  CONSTELLATIONS. 


II. 
12. 
13. 
14. 
15. 

le. 

17. 


21. 


22. 
23. 
24. 
2-5. 
2(5. 
27. 
28. 
29. 
30. 
31. 
S2. 
33. 


34. 
35. 
36. 
37. 


Aries  (the  Rani). 
Taurus  (the  Bull). 
Gcniiui  (the  Twins). 
Cancer  (the  Crab). 
Leo  (the  Lion). 
^'iI•go  (the  Virgin). 
Libra  (the  Balance). 
Scoi-pio  (the  Scorpion). 
Sagittarius  (the  Archer). 
Capriconnis  (the  Goat-horned). 
Aquarius  (the  Water  Carrier). 
Pisces  (the  Fishes). 

SOUTHERN  CONSTELLATIONS 

Cctus  (the  A\niale). 
Orion. 
Erldanus. 
Lcpus  (the  Hare). 


38.  Cauis  (the  Dog). 
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39.  Procyon. 

40.  Argo. 

41.  Hvdra. 

42.  Crater  (the  Goblet). 

43.  Corvus  (the  Crow). 

44.  Ceutaurus  (the  Centaur). 

45.  Lupus  (the  Wolf). 

46.  Ara  (the  Altar). 

47.  Corona  Austi'alis  (the  Southern  Crown). 

48.  Piscis  Austialis  (the  Southern  Fish). 

MODERN  CONSTELLATIONS, 
L  Added  by  Hevelius. 
1.  Antinous. 
•2.  JIaenalus. 

3.  Canes  Venatici  (the  Greyhotmds) 

4.  Asterlon  and  Chara  (the  Giraffe). 

5.  Cerberus. 

6.  Coma  Berenices  (Berenice's  Hair), 

7.  The  Lizard, 
&  The  Lynx. 

9.  Sobieski's  Shield. 

10.  The  Sextant  of  Urania. 

11.  The  Little  Tiiangle. 

12.  Leo  Minor  (the  Lesser  Lion). 

n.  SOUTHERN  CONSTELLATIONS. 
Added  by  HaUey. 

1.  Colnmba  (the  Dove). 

2.  Charles's  Oak. 

3.  Grus  (the  Crane). 

4.  The  Phcenix. 

5.  Pavo  (the  Peacock). 

6.  The  Indian  Bird. 

7.  Musca  (the  Bee). 

8.  The  Chameleon. 

ni.  SOUTHERN  CONSTELLATIONS. 
Added  by  Bayer. 

1.  The  Indian. 

2.  The  Crane. 

3.  The  Phoenix. 

4.  Tlie  Bee. 

5.  The  Southern  Triangle. 

6.  The  Bird  of  Paradise. 

7.  Tlie  Peacoclc 

8.  The  Toucan. 

9.  Tlic  Male  Hydra. 

10.  'ITie  Dorado. 

11.  The  Flying  Fish. 

12.  The  Chameleon. 

SOUTHERN  CONSTELLATIONS. 
Added  by  La  Caille, 

1.  The  Sculptor's  Workshop. 

2.  The  Chemical  Furnace. 

3.  Tlie  Astronomical  Clock.' 

4.  The  Rhomboidal  Net. 
6.  The  Graving  Tool. 

6.  The  Painter's  Easel. 

7.  The  Compass. 

8.  The  Air  Pump. 

9.  The  Octnnt. 

10.  The  Square  and  Rule. 

11.  The  Telescope. 

12.  'I'he  Jlicroscope. 

13.  Tlie  Fabulous  Jrouiitain. 

i?®  S""*"'  "■nd  Little  Cloud, 
is.  The  Cross. 

HE  REMAINING  MODERN  CONSTELLATIONS 
Added  at  different  times. 
The  Reindeer. 
Tlio  Hem  it. 
The  Farmer. 
Poniatowski's  Hawk. 
Frederic's  Honours. 
The  Sceptre  of  Brandenburs. 
HerschcU's  Telescope. 
The  Balloon 


Tlie  Quadrant. 
The  Cat. 
The  Log. 
George's  Harp, 
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There  are  several  maps  of  the  stars,  in  which 
the  constellations  are  usually  traced  out  as  on  the 
celestial  globe.  Flamsteed's  Celestial  Atlas,  Lon- 
don, 1729,  and  Bode's,  Berlin,  1805,  are  the  best. 
There  are  several  excellent  maps  published  by  the 

Society  for  the  Diflfusion  of  Useful  Knowledge  

The  arrangement  of  the  constellations  as  they 
stand  is  not  very  natural.  It  is  stUl,  however, 
employed  for  the  purposes  of  reference — and  as  the 
point  of  first  importance  in  such  matters  is  the 
uniformity  of  the  standard,  it  is  not  necessaiy  to 
disturb  it.  The  Chinese  and  Japanese,  indeed,  de- 
part from  this  miiformity,  but  their  astronomy  has 
not  yet  been  very  extensively  introduced  into  Eu- 
rope.— In  consequence,  however,  of  the  slight 
esteem  in  which  our  system  of  constellatmg  the  stars 
has  been  held,  various  attempts,  sufficiently  amus- 
ing, have  been  made  to  change  it.  Some  pious 
astronomers,  grievously  scandalized  at  the  emploj'- 
ment  of  the  names  of  fabulous  divinities  by  Chris- 
tian men,  gave  a  spiritual  sense,  where  it  was 
possible — making  Aries  stand  for  the  ram  that 
was  substituted  in  the  room  of  Isaac — and  others, 
as  the  venerable  Bede,  finding  this  method  rather 
unsatisfactory,  cut  the  knot,  and  placed  the  twelve 
Apostles  triumphantly  in  the  twelve  zodiacal 
signs.  This  reformation  was  canied  over  the 
whole  of  the  constellations,  and  aU  the  profane 
of  the  old  times  were  swept  away. — Weigelius 
of  Jena  adopted  another  plan.  He  taught  heraldry 
by  the  stars,  substituting  for  the  old  constellations 
the  arms  of  the  various  princes  of  Europe,  and 
the  msignia  of  the  different  crafts.  Thus  Ursa 
Major,  being  a  quadruped,  became  the  elephant  iu 
the  Danish  arms ;  and  the  Pleiades  were  metamor- 
phosed into  an  Abacus,  which  he  would  have  to 
be  the  symbol  of  merchants.  Those  divisions 
have  passed  awaj',  and  the  reign  of  Orion  and 
Bootes  still  endiu-es. 

Convection.  That  property  of  liquids  or 
gases  by  which,  when  in  a  free  state,  constant 
motion  is  secured  to  them,  through  changes  of 
temperature.  The  term  is  employed  chiefly  in 
connection  with  the  theoiy  of  dew.  When  a 
windy  night  arises,  the  deposition  is  said  to  be 
prevented  by  convection.  This  is  not  properly 
convection,  but  from  its  effects  being  analogous, 
it  is  so  termed.  The  air  as  it  cools  is  carried 
away  and  replaced  by  fresh  air  coming  from  or 
passing  to  those  quarters  of  the  earth  wliere  the 
sun  is  yet  shining.  When  a  mountain  inter- 
venes, too,  the  hotter  air  above  intermingles 
with  the  cooler  air  below,  by  force  of  the  current, 
and  is  carried  over,  so  intermingled.  Again, 
the  cooling  of  au-,  and  the  deposition  of  dew 
upon  hill  tops  is  prevented  by  convection.  Be- 
fore there  can  be  an  approach  to  such  a  deposi- 
tion, the  temperature  must  become  very  low, 
from  the  lowness  of  the  dew  point  upon  hill  tops. 
When  it  becomes  so,  the  air  is  considerably 
heavier  than  that,  in  lower  strata,  farther  re- 
moved from  the  actual,  irregular  surface  of  the 
earth.  It  commences,  therefore,  to  slip  down 
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the  hill  side,  and  thus  lighter  air  comes  to  take 
its  place,  is  again  cooled,  and  again  creeps  down 
before  depositing  any  or  much  dew.    The  heat 
which  these  successive  strata  give  to  the  earth 
prevents  its  cooling    so  rapidly,   and  they 
themselves,  on  whose  cooling  the  dew  de- 
pends, are  thus  carried  away  before  they  can 
cool.     It  is  only  at  the  plane   surface  of 
the  earth,  or  in  valleys,  where  they  cannot 
take  place,  that  dew  is  plentifully  formed — 
Convection  again  assists  the  formation  of  dew 
by  carrying  up  the  air  from  which  part  of  its 
vapours  has  just  been  condensed,  and  which  so 
becomes  light  by  the  disengagement  of  the  latent 
heat  of  its  vapour.    Air  not  so  heated  and  with 
all  its  vapour  falls  down,  and  the  process  recom- 
mences.   The  difiference  between  this  and  the 
last  case  is,  that  the  dew  is  formed  here  before 
the  air  is  allowed  to  move.  Liquids  are  generally 
heated  by  convection — when  heat  is  applied  from 
below.    Thus  water,  held  nearly  vertical  and 
boiled  in  a  test  tube,  to  the  bottom  of  which  a 
sphit  lamp  is  applied,  scarce  at  all  conducts  the 
heat.    If,  therefore,  the  weight  of  hot  and  cold 
water  were  the  same,  the  layers  below  might  be 
at  a  very  high  temperature  and  those  above  in 
their  ordinary  condition.    But  the  heated  water 
being  lighter,  ascends,  and  lets  cold  water  down 
to  the  heated  place,  which  in  its  turn  reascends, 
and  so  oontmues  the  process.    Some  liquids, 
such  as  mercurj',  are  not  bad  conductors,  but  in 
the  great  majority  of  instances  it  would  be  very 
difficult  to  heat  liquids  thoroughly  but  for  the 
property  of  convection.    It  is  with  the  utmost 
difficulty  that  any  conduction  is  detected  in 
water.    If  we  place  a  lamp  m  a  vessel  which 
floats  in  water,  the  vessel  itself  freely  conducting 
heat,  the  layers  below  will  be  long  before  they 
take  a  heat  sensible  to  the  thermometer,  and 
even  then  the  heat  seems  conducted  down  along 
the  side  of  the  glass,  or  other  contammg  vessel, 
rather  than  through  the  water. 

Convergent.  When  a  series  of  magnitudes  is 
such  that,  by  taking  the  sum  of  as  great  a  num- 
ber of  them  as  we  choose,  we  do  not  arrive  at  a 
result  above  a  certain  finite  quantity,  the  series 
is  said  to  be  convergent.  The  name  originates 
in  the  fact  that  the  terms  of  such  a  series  must 
successively  decrease,  the  second  being  less  than 
the  first,  the  thhd  than  the  second,  and  so  on. 
—The  same  term  is  applied  in  physics  to  the 
lines  of  ravs  which,  originating  at  difterent 
points,  go  on  constantly  approacliing  one  another, 
80  that  if  they  be  lengthened  out  sufficiently  they 
will  meet  at  a  point.  See  Lens  and  Miukor. 
Convex.  See  Concave. 
Co-ordiiintes.  The  method  of  co-ordmates 
is  due  to  Des  Cartes,  and  is  periiaps  his  most 
valuable  contribution  to  mathematical  science. 
It  first  enabled  us  to  indicate  quahiy  by  the 
ordinar\'  signs  of  quantiiy,  and  to  compare  dif- 
ferent qualities  quite  as  accurately  as  we  had 
been  wont  to  compare  quantities.    We  can  only 
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give  a  very  meagre  outline  of  it.    Suppose  that 

we  liave  a  curve,  such  as  b]b2  by  upon  a 

plane  surface,  on  whose  plane  two  lines  at  right 
angles  to  one  another,  X  X'  and  Y  Y',  are 
drawn.    Then  the  position  of  any  point  in  the 


bi 
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plane  will  be  quite  determined  if  we  know  its 
distance  from  the  lines  Y  Y'  and  X  X'.  Thus,  if 
we  know  the  distance  of  a  point  from  the  line 
X  X',  we  will  evidently  cut  off  a  Ime  0  K  equal 
to  that  distance,  and  through  it  draw  a  line 
parallel  to  XX'.    Any  point  in  this  line  -vrSk 
answer  the  conditions  of  the  question,  for  any 
such  point  will  be  at  the  specified  perpendicular 
distance  from  X  X'.   Again,  if  we  know  the  dis- 
tance from  Y',  a  similar  line  through  a^,  (Oa^ 
being  equal  to  that  distance)  wiU  contain  all  the 
points  that  can  answer  to  the  conditions.  Since 
then  the  point  specified  must  be  in  each  of  those 
two  lines,  it  can  only  be  in  that  point  where  the 
two  lines  meet.    But  it  wiU  be  said,  are  there 
not  two  hues  each  of  which  may  be  the  locus 
of  pomts  at  given  distances  from  X  X',  Y  Y'? 
(the  axes  of  co-ordinates.)    Thus  may  there  not 
be  four  points,  the  four  marked  b,  in  the 
figure,  each  answering  to  the  specification  fully  ? 
According  to  geometrical  principles  undoubtedly 
yes,  but  the  algebraical  extension  of  this  metliod 
enables  us  to  specify  which  of  these  four  possible 
points  we  mean  in  any  case.    This  introduces  us 
to  the  first  glimpse  of  an  estimation  of  quality. 
If  the  measurement  of  the  distance  fi-om  the  line 
Y  Y'  is  to  proceed  along  X'  X  from  0  towards 
the  right,  the  distance  is  considered  as  positivf 
and  marked  by  a  quantity  representing  its  abso- 
lute amount,  with  the  sign       Similariy,  if  wc  are 
to  measure  from  0,  along  0  X'  towards  the  left, 
we  should  indicate  it  by  prefixing  the  sign  ^, 
to  the  absolute  quantity  representing  its  length. 
And  again,  if  we  are  to  measure  the  distance 
from  X  X',  upwards  from  0  along  Y  Y',  we  should 
liave  -f-y;  and  if  in  the  opposite  dm-ction, 
—  y.    Suppose  then  that  we  have  x  and^ 
both  positive,  we  should  have  the  point 
1.    If  we  have  +  y  and  —  x,  the  point  marked 
•2;  — X  and  — y,  the  point  marked  3;  — 
and  -j-  X,  the  point  marked  4  -,  supposing  always 
that  Oa,  represents  x,  and  O  K  represents  y--" 
The  axes,  or  lines  of  reference,  need  not  be  at 
right  angles  but  oblique  in  any  way  to  eact> 
other,  and  in  that  case  the  distance  would  mosi 
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ipperly  be  estimated,  not  by  the  perpendiculars 
nn  the  point  upon  the  lines  of  the  axes,  but 
tthe  lengths  of  lines  from  the  given  point 
lallel  to  the  one  axis  and  intercepted  against 
other.  When  we  have  the  position  of  a 
•with  respect  to  any  given  axes,  and  the 
ition  of  a  new  set  of  axes,  with  regard  to 
(  old  ones, — given,  it  is  plain  that  methods 
jr  be  discovered  for  determining  the  position  of 

1  curve,  with  respect  to  this  new  set.  The 
bblem  which  proposes  this  is  that  of  the 
Eisformation  of  co-ordinates.  The  various 
inulse  which  enable  us  to  solve  it  are  given 
eevery  work  on  analytical  geometry. — The 
Ider  will  be  able  to  comprehend  what  is 
unt  by  an  equation  to  a  curve  fi'om  this, 
ids,  in  fact,  an  algebraical  formula  which 
messes  the  value  of  y  in  terms  of  the  value  of 

If  now  any  value  whatever  be  given  to  x, 
irresponding  value  will  be  found  for  y,  and 
3  there  will  be  a  point  in  the  curve  found. 

I,  suppose  that  Oa.^  is  given  as  a  value  of 
im  any  equation,  and  that  by  solving  the 
nation  we  find  a2b2  to  be  the  value  of  y,  then 
ppoint  of  the  curve  which  corresponds  to  those 
ues  will  be  very  readily  found  by  drawing 

2  parallel  to  0  Y,  and  making  it  equal  to  y, 
■mst  found.  The  point  b2  will  be  a  point  in 
ccnrve.  Suppose  now  that  for  the  successive 
«es  Oaj,  Oa,,  Oa^,  Oa^,  Gag,  of  x  there  be 
md  corresponding  values  a2  b2,  bs,  a4  b4, 
M>«)  H  be  for  y,  the  points  b2,  bg,  b4,  bg, 
rwill  be  points  of  the  curve.  If  the  number 
Wie  values  of  Oa  thus  taken  be  almost  infinite, 
ttthat  the  distances  between  two  successive 
tots  a,  become  indefinitely  small,  those  between 
»  successive  points  b,  will  become  so  hkewise. 
It  by  joining  them  we  shall  obtain  a  polygonal 
wre'  very  closely  resembling  the  curve  which 
•equation  indicates.    The  nearer  these  points 

le  to  one  another,  the  closer  the  resemblance. 

ill  be  quite  manifest  that  in  this  way  a 
i^esentation  of  all  qualities  of  the  curve  may 
nade  in  the  original  equation.  When  it  has 
n  to  its  highest  point,  we  shall  get  the  great- 
l*  possible  value  of  y  to  match.  When  it  cuts 
6  line  of  the  axis,  y  will  be  equal  to  o;  when 

8  parallel  to  the  axis  of  x,  two  very  near 
itoates  y,  y',  will  be  equal ;  when  the  irve 
teinates  in  one  direction  there  will  be  no  value 
■"•  for  values  of  x  beyond  a  given  point— when 
e  are  two  values  of  y  for  one  of  x,  as  aj  b^ 

'  Oag,  the  curve  has  returned  upon  itself, 
■  so  on.  Thus  every  quality  of  the  curve 
•  be  represented  in  the  equation,  through  the 
irbrm  reference  to  co-ordinates.— What  are 
dad  co-ordinates  of  three  dimensions  are  three 
.3,  each  of  which  is  perpendicular  to  tlie 
I  le  of  the  other  two— in  rectangular  co-ordi- 
IB.  In  oblique  co-ordmates,  the  three  hues 
I  any  three  not  in  one  plane.  By  means  of 
«  co-ordinates  we  can  refer  curves  which  are 

9  entirely  in  one  plane,  the  Unes  through 
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which  we  make  reference  being  parallel  to  the 
axes  as  before.  The  methods  of  transformation 
of  co-ordinates  of  three  dimensions  are  a  little 
more  complicated  than  those  where  there  aie 
only  two.  The  three  ordinates  are  usually 
marked  x,  y,  z,  the  signs  -j-  and  —  being  pre- 
fixed accordmg  as  the  reference  is  to  the  one  or 
other  half  of  the  complete  axis.  With  merely 
x,  y,  z  specified  without  regard  to  sign,  there 
could  be  2  3,  (2*  in  the  last  instance)  or  8 
points,  answeiing  to  the  specification. — The 
method  of  co-ordinates  is  much  used  for  re- 
solving forces  in  mechanics  and  for  finding  the 
value  of  the  resultant  of  a  number  of  them. 
Each  force  is  resolved  into  three  others,  one 
along  each  axis  of  co-ordinates,  and  the  alge- 
braical sum  of  all  these  components  for  each 
axis  is  taken,  the  resulting  three  being  com- 
pounded into  one  force,  which  is  the  complete 
resultant.  Where  all  the  forces  are  in  one 
plane,  we  employ  co-ordinates  of  two  dimensions. 

Copernican  System.  The  correct  descrip- 
tion of  the  general  character  of  the  planetaiy 
motions  is  termed  the  Copernican  System;  for 
the  sufiicient  reason  that  the  planetary  character 
of  the  Earth  was  first  discovered  by  the  immortal 
Copernicus.  It  is  often  diflficult,  when  one  ob- 
serves a  change  of  direction  in  external  bodies, 
to  dissever  their  real  from  their  apparent  motion 
— the  latter  arising  from  change  of  place  on  the 
observer's  part.  The  planets,  for  instance,  seem 
to  pass  through  various  and  irregular  courses  in 
the  sky.  How  much  of  this  apparent  change  of 
place  is  real? — how  much  owing  to  change  of 
place  on  our  part  ?  The  ancient  world  conceived 
the  Earth  stable,  and  thereforce  accounted  all 
apparent  external  motion  to  be  real:  hence  the 
complexity  of  their  Astronomies.  Copernicus 
determined  otherwise.  Pie  asserted  that  the 
rotation  of  the  Earth  on  an  axis,  explains  the 
apparent  diiu-nal  revolution  of  the  entire  celestial 
vault ;  and,  by  the  stiU  more  venturous  proposi- 
tion, that  the  Earth  is  a  planet,  revolving  annu- 
ally in  an  orbit  around  the  Sun,  he  removed  all 
primary  difficulties  from  A  stronomy.  His  views, 
however,  were  hypothetical.  He  could  not  de- 
monstrate the  fact,  either  of  the  annual  revolution 
or  of  the  Earth's  rotation.  The  former  was  not 
exhibited  as  a  fact  until  Bradley  discovered  the 
Aberration  of  Licjht;  and  the  demonstration  of 
the  lattei',  as  a  fact,  we  owe  quite  recently  to  the 
Frenchman,  Foucault.  (Compare  EAKTH,?'£)iaZio« 
of.)  It  is  quite  an  error  to  suppose  that  the  Coper- 
nican Theory,  or  anything  aliin  to  it,  had  been 
foreshadowed  by  the  Greek,  Philolaus.  The 
only  real  anticipation  was  by  Aristarchus  of 
Sainos,  whose  writings  Copernicus  did  not  know. 
For  details,  see  Soi^ak  System. 
Corona.  See  Crowns. 
Corona  Australia  (the  Southern  Croturi). 
A  constellation  of  the  southern  hemisphere.  It 
contains  no  very  bright  stars. 
Corona  EorcaUs  (the  Northern  Crown). 
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Its  companion  constellation  in  the  northern 
hemisphere.  Neither  does  it  contain  any  above 
the  third  magnitude. 

Corpuscular  Theory.    See  Molecolak. 

Corrections.  What  is  termed  the  Theory 
of  Corrections,  has  come  to  be  of  vital  importance 
in  all  the  exact  sciences  depending  on  tlie  use  of 
instruments  and  measurements.  An  instrument, 
however  skilfully  made,  cannot  pretend  to  the 
attribute  of  absolute  exactness ;  but  as  the  highest 
exactness  is  required,  the  modem  observer  is, 
therefore,  never  satisfied  with  the  best  instrument 
with  which  art  can  furnish  him.  On  receiving  it, 
it  is  his  first  duty  to  suppose  that  it  is  all  wrong,  in 
every  part.  And  his  next  is,  by  carefully  com- 
paring it  either  with  another  instrument  already 
tested,  or  with  certain  known  unchanging  facts 
in  Nature,  to  detect  the  nature  and  amount  of  its 
errors.  These  obtained,  the  obsei-ver  cojvects,  or 
allows  for  them,  in  every  individual  observation ; 
and  only,  after  effecting  these  corrections,  does 

he  consider  his  act  of  observation  complete  It 

would  be  impossible  within  our  space  to  survey  in 
detail  a  subject  so  extensive  as  this.  Suffice  it  to 
advert  to  a  few  leading  points.  I.  An  instrument 
may  be  faulty  inposition  merely.  For  instance,  the 
Transit  telescope  of  the  Astronomer  may  not  be 
quite  in  the  meridian;  its  axis  may  not  be  perfectly 
level;  and  its  central  vertical  wire  may  not  be  in 
the  optical  axis  of  the  tube,  i.e.,  it  may  be  out  in 
collimation.  Each  of  these  errors  must  affect  every 
observation ;  so  that  as  they  cannot  be  entirely  re- 
moved mechanically,  their  amount  must  be  mea- 
sured, and  their  effect  on  the  observed  transit  of 
every  star,  cm'-rectedfor.  It  is  the  same  with  all 
other  instruments.  II.  Again,  the  structure  of 
the  instrument  may  be  such,  that  no  one  part  of 
it,  taken  by  itself,  can  be  made  absolutely  exact. 
For  instance,  to  subsei*ve  the  purposes  of  an  astro- 
nomical circle,  the  circle  used  should  be  a  perfect 
circle,  and  its  pivots  absolute  cylinders.  The 
mechanician  cannot  realize  such  a  requisition — 
such  perfection  being,  for  the  most  part,  ideal; 
but  his  art  is,  to  contrive  the  instrument  so,  that 
in  virtue  of  its  structure,  the  various  eiTors  of 
its  separate  parts  compensate  each  other.  This 
is  the  secret  of  the  only  possible  mechanical 
CORRECTION.  III.  Errors  of  construction  will 
remain  however,  which  cannot  be  compen- 
sated. And  these,  the  observer  must  ascer- 
tain and  correct  for.  Of  such  sort,  for  ex- 
ample, are  the  false  zero  point  of  a  thermo- 
meter, or  mequalities  of  the  bore  of  its  tube.  It 
is  astonishing  how  far  solicitude  and  sldll  may  go 
to  effect  correction,  for  even  complex  and  appa- 
rently unmanageable  mechanical  errors.  For  in- 
stance, that  most  faulty  meridian  circle  at  the 
Cape  of  Good  Hope— a  circle  in  which  literally 
no  part  was  right — became,  in  the  liands  of  the 
late  Mr.  Henderson,  the  means  of  first  detecting 
the  parallax  of  a  Fixed  Star.  Nevertheless  it 
needed  the  rare  skill  of  that  eminent  Scottish 
observer — one  of  tlic  foremost  in  Europe— to  deal 
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with  the  comparatively  intractable  case.  To  raise 
his  instrument  above  such  defects,  is  the  pride  of 
the  great  mechanician. 

Correlation  of  Forces.    See  Force. 

Couples.  The  theory  of  couples,  introduced 
by  Poinsot,  is  now  universally  accepted  by  ■vsTiters 
on  mechanics.  We  shall  require,  therefore,  to 
show  what  it  is,  and  what  it  means. 

When  two  parallel  forces  act  at  the  extremities 
of  a  rigid  rod,  if  their  directions  be  the  same, 
thej'  may  be  replaced  according  to  the  theory  of 
parallel  forces,  by  a  force  equal  to  their  sum  and 
in  a  line  parallel  to  their  lines  of  action,  acting  at 
a  point  beitveen  them.    When  they  act  in  opposite 
dnections,  they  may  be  replaced  by  one  equal  to 
their  difference,  acting  in  a  line  parallel  to  their 
lines  of  action,  in  the  direction  of  the  greatest, 
but  beyond  the  points  where  they  are  applied. 
The  nearer  the  two  forces,  in  this  latter  case,  are 
to  equality,  the  farther  does  the  point  of  applica- 
tion of  the  resultant  move  outwards.  When  they 
become  equal,  the  resultant  becomes  zero,  and 
the  point  of  application  of  the  resultant  is  placed 
at  an  infinite  distance  from  the  points  of  appli- 
cation of  the  original  forces.    We  have,  there- 
fore, in  this  limiting  case,  a  zero  force,  with  an 
infinite  lever  arm  for  the  resultant,  that  is,  the 
result  that  we  obtain  indicates  nothing  but  that 
we  must  seek  for  some  other  method  to  arrive  at 
one.  In  fact,  what  action  wiU  such  a  pair  of  forces 
exert  ?    Manifestly,  they  will  turn  the  rigid  rod 
round.    Suppose,  for  example,  two  ropes  attached 
to  the  bows  and  stem  of  a  ship,  and  pulled  in  op- 
posite but  parallel  directions  with  equal  strength. 
The  ship  wiU  not  move  forward  in  the  one  way 
or  in  the  other.    The  relation  in  which  it  stands 
to  the  two  directions  is  quite  the  same  over  the 
whole.    The  relation  in  which  the  middle  point 
stands  to  them  is  perfectly  so.    A  point  nearer 
the  bows  will  be  influenced  rather  by  the  nearest 
force,  and  a  similar  point  near  the  stem  by  tliat 
opposite  which  is  nearest  it.    There  will  thus  be 
a  rotation  of  the  system  round  the  middle  point 
or  pivot,  all  the  other  points  moving  in  circle? 
about  it.    The  effect  of  a  couple,  therefore,  is  to 
produce  rotation. — A  couple,  then,  producing 
essentially  rotation  cannot  be  replaced  by  one 
force  (or  by  any  number  of  forces  which  may  be 
replaced  by  one),  which  produces  translatioB' 
Wlien  we  have,  therefore,  to  consider  the  motiocf 
which  a  set  of  forces  impress  on  a  body,  or  the 
conditions  of  its  equilibrium  when  they  are  ap- 
plied to  it,  Ave  have  to  keep  these  two  tilings  per- 
fectly distinct.    We  obtain  thus,  through  the 
Theory  of  Couples,  this  answer  in  those  cases  :— 
The  motions  resulting  will  be  such  a  motion  of 
translation,  along  with  such  another  motion  oj 
rotation ;  or  such  an  expression  for  the  total 
force  inducing  translation,  and  such  another  fof 
that  inducing  rotation  must  be  each  equal  to  zero, 
in  order  that  there  may  be  equilibrium. — '\^  '""^ 
there  is  left  in  a  system  a  force  and  a  couple,  i' 
the  force  be  not  perpendicular  in  its  Une  of  actio" 
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I  the  plane  in  which  the  forces  of  the  couple  are 
ttuate,  it  may  be  convenient  to  reduce  it  to  two 
KTces — not,  however,  acting  at  one  point.  It  is 
itit  possible,  in  an}'  case  where  a  couple  and  a 
recce  not  in  its  plane  are  found,  to  reduce 
■em  to  a  single  couple  or  to  a  single  force. 
Vhere  the  resulting  force  is  in  the  plane  of  the 
quple,  the  reduction  to  a  single  force  is  always 
■ssible,  and,  therefore,  since  a  force  and  a 
quple  are  inconvertible,  they  cannot  be  reduced 
I  a  single  couple. — The  line  which  joins  the 
o"o  points  of  apphcation  of  the  parallel  forces  in  a 
ipple  is  called  the  lever  arm  of  the  couple, 
kliat  is  called  the  moment  is  the  product  of  the 
ippendicular  distance  between  the  two  lines  of 
tree,  and  either  force.  The  axis  is  a  line  drawn 
ijrpendicular  to  the  plane  of  the  couple,  and 
ipportional  in  magnitude  to  the  moment.  It 
iiimmaterial  where  the  axis  be  placed,  as  re- 
rcrds  the  forces  of  the  couple,  for  any  couple  in 
I  a  same  plane,  and  having  the  same  moment  as 
itother,  is  equivalent  to  it.  Hence  two  parallel 
ees  of  equal  length  represent  equivalent  couples, 
Id,  if  in  opposite  directions,  destroy  one  another. 
FThe  axis  is  always  used  instead  of  the  couple, 
kthen  we  wish  to  ascertain  the  conjoint  effect  of 
)  0  couples,  we  treat  the  two  axes  as  we  would 
>o  forces,  with  this  difference,  that  we  can 
irays  transport  either  axis  parallel  to  itself, 
i  so  obtain  a  resultant  axis,  whose  length  re- 
aesents  the  moment  of  the  resultant  couple,  and 
Kose  direction  is  perpendicular  to  its  plane. — The 
iree  technical  equations  of  equilibrium  which 
•press  that  the  resultant  couple  must  in  that 
( «  be  zero,  are  given  under  Equilibbium. — An 
eyestigation  of  the  two  propositions  funda- 
imtal  in  the  Theory  of  Couples  that  we  have 
idicated — which  the  student  perhaps,  keeping 
■mind  the  proposition  of  the  parallelogram  of 
Bces,  may  discover  for  himself — ^will  be  found  in 
itkameVs  Cours  de  Mecanique,  vol.  i.,  Pratt's 
ieckanics, 

V!o-Variant8.  See  PoLTNOME. 
>Crowns :  Coronse.  When  the  sky  is  covered 
h.  light  clouds,  we  often  see  a  coloured  chcle 
*which  red  predommates,  surrounding  the  moon 
(xthe  sun, — its  diameter  comprising  only  a  few 
frees.  At  other  times  several  concentric  rings 
observed,  separated  by  intervals  in  which 
en  predominates:  these  are  Crowns  or  Coronm. 
3  corona  is  not  complete  unless  there  are 
reral  series  of  concentric  circles.  The  circle 
direst  the  sun  is  of  a  deep  blue;  the  second 
l^le  is  white ;  and  the  third  red,  which  termi- 
es  the  first  series.  In  the  second  series  the 
.••-cession  of  colours  is  purple,  blue,  green,  pale 
Wow,  and  red.  The  cause  of  the  phenomena 
JBIFFHAOTION.  See  also  Anthelia. 
|r:3ryopliorii8.  A  word  signifying  a  carrier 
bold.  It  is  the  name  of  a  very  pretty  little 
•rument  illustrative  of  the  principles  of  evapora- 
■1,  whose  form  is  given  in  the  figure.  It  consists 
•ely  of  a  tube  with  two  bulbs,  b  and  c.  In 
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constructing  the  instrument,  one  of  the  bulbs,  a"? 
c,  is  at  first  open,  and  by  it  water  is  poured 
into  the  vessel  till  the  other  bulb  stands  about 
one-thbd  full.    This  water  is  then  boiled,  and 


the  whole  instrument  fills  rapidly  •with  steam. 
When  all  the  air  is  expelled  by  the  steam,  and 
only  a  clear  jet  of  steam  issues  from  the  orifice, 
it  is  closed  by  the  blowisipe,  and  the  tube  thus 
hermetically  sealed.  The  instrument  is  then 
allowed  to  cool  do'wn  -with  its  end  b  down- 
wards. The  water  gradually  flows  back  to  it, 
and  a  very  small  quantity  of  vapour  of  water  is 
left  in  the  rest  of  the  instrument.  If  now  c  be 
surrounded  •with  any  freezing  mixture,  or  in  any 
way  be  subjected  to  a  degree  of  local  cold  below 
32°  Fahr.,  the  water  in  the  bulb  b  will  very 
soon  freeze,  and  it  is  this  phenomenon  which 
the  instrument  is  intended  to  effect. 

The  phenomenon  is  explained  thus.  Every 
quantity  of  water  gives  off  vapour,  and  if  it 
pass  into  a  space  where  the  temperature  is  kept 
at  a  certain  point,  and  be  not  allowed  to  pass  off 
from  that  space  and  dissipate,  there  will  be  a 
certain  amount  of  vapour  and  no  more  given  off. 
This  amount  increases  with  the  increase  of 
temperature.     Now  suppose  the  temperature 
suddenly  lowered.    The  space  can  no  longer 
hold  so  much  vapour,  and  the  superabundant 
quantity  will  be  condensed.    Now  there  is  a 
certain  amount  of  heat  latent  in  every  quantity 
of  vapour,  and  when  condensation  takes  place 
this  heat  is  liberated.     See  Heat,  Latent. 
The  temperature  of  the  space  where  condensa- 
tion has  occmTed  wUl  therefore — the  moment 
after  all  the  vapour  superabundant  has  been 
condensed  be  raised  so  that  it  is  capable  of 
receiving  more  vapour  which  the  water  •will 
immediately  give  off.    If  the  cold  be  applied 
again,  the  vapour  will  be  recondensed,  new  heat 
given  off,  new  vapour  formed  and  again  con- 
densed.   In  the  cryophorus  this  process  goes  on, 
when  a  freezing  mixture,  or  any  method  of 
supplying  local  cold,  is  applied  to  the  bulb  c. 
The  vapour  in  c  is  condensed.    This  condensa- 
tion liberates  heat,  giving  capacity  in  c  for  more 
vapour,  supplied  immediately  from  b,  and  re- 
condensed  by  the  continued  application  of  cold. 
That  the  condensation  of  vapour  then,  liberates 
heat,  is  the  principle  illustrated,  next  to  the 
theoi'y  of  states  of  saturation  of  vapour,  cor- 
responding to  temperature,  in  the  bulb  c.  The 
condensed  vapour  does  give  off  heat,  because  in 
being  formed  it  takes  in  latent  heat.    Thus  to 
send  off  vapour  at  any  temperature  from  water, 
we  must  use  much  more  heat  than  in  raising 
the  water  to  the  same  tcmperatin'e,  without  per- 
mitting vapour.  A  quantity  of  heat  not  sensible 
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to  tlic  thermometer  is  essential  to  the  existence 
()!'  a  body  in  a  vaporous  state.  When,  there- 
Icire,  the  bulb,  c,  suddenly  raised  in  tempera- 
ture by  the  condensation  of  vapour  into  water, 
demands  to  obtain  more  vapour  fi-om  the  water 
in  c,  the  heat  for  this  new  vapour  must  be 
obtained.  It  is  got  from  the  water  in  b,  and 
the  process  goes  on  so  rapidly  in  ordinaiy  cases 
that  the  air  without  is  not  able  to  supply  heat 
as  rapidly  to  b,  and  the  water  inside,  as  it  thus 
loses  it.  The  temperature  is  thus  gradually 
lowered,  and  ice  is  formed — The  principle  of 
the  cryophorus  explains  many  of  the  most  in- 
teresting phenomena  of  meteorology.  We  shall 
see  that  the  formation  of  dew,  and  fogs,  and 
mists,  is  veiy  closely  connected  with  it.  The 
rapid  formation  of  the  ice,  and  the  quantity 
formed  in  a  given  time,  may  be  taken  as  rough 
measm-es  of  the  power  of  the  freezing  mixtures  of 
which  we  treat.  The  phenomenon  is  in  any  case 
interesting,  and  it  is  easily  shown  not  at  all  to 
depend  upon  actual  conduction  or  radiation  of 
cold  (or  inverse  radiation  of  heat),  by  placing  a 
little  water  quite  near  the  cryophorus — which  is 
not  affected  almost  at  all  sensibly  to  the  ther- 
mometer by  this  conduction  or  radiation. 

Cube.  A  solid  with  six  faces,  each  of  which 
is  a  square,  each  square  being  therefore  parallel 
to  the  one  opposite  it.  It  is  a  frequent  fomi 
for  crystals.  Those  that  assume  it  are  not 
doubly  refractive  along  any  line  of  ray.  It  was 
a  celebrated  problem  in  the  ancient  geometry  to 
tind  a  cube  which  shall  be  double  of  a  given  one. 
In  fact  it  was  required  to  find  a  cube  root  of  2 
by  geometry.  Modei-n  researches  have  shown 
that  this,  along  with  the  two  other  celebrated 
problems  of  the  trisection  of  an  angle  and  the 
quadrature  of  a  circle,  cannot  be  solved  by  pure 
geometry.  In  arithmetic,  the  cube  of  a  number 
is  the  product  obtained  by  multiplying  it  three 
times  by  itself;  thus,  5X5X5  =  125. 
Conversely  the  cube  root  is  such  a  number  as 
when  multiplied  3  times  by  itself  will  produce 
the  given  number.  Tiius  5  is  the  cube  root  of 
125,  and  125  the  cube  of  5.    See  Roots. 

Cnlmiiiation  of  a  star: — the  moment  at 
which  the  star  passes  the  meridian,  and  is  there- 
fore highest  in  its  diurnal  revolution.  The 
culminating  point  of  a  gi'eat  circle  is  that  where 
it  intersects  the  meridian. 

€upoIn.  A  hollow  spherical  body  in  the 
ahape  of  a  reversed  cup,  which  surmounts  a  circu- 
lar edifice.  It  is  the  same  as  the  dome,  only 
that  the  former  name  applies  more  generally  to 
the  inner,  and  the  latter  to  the  outer  surface. 
See  Dome. 

Curreiitiii.  Aimosphcriip.    See  Winds. 

CnrrrnjM,  lEIcclric.  I!cscr\-ing  a  more  de- 
tailed exposition  of  the  subject  of  cun-ents  for 
the  article  on  Electrodynamics,  we  may  give 
hero  a  brief  introduction  to  the  subject,  and  add 
a  few  statements  in  regard  to  the  laws  and  the 
nature  of  currents,  tliat  could  not  so  properly  be 
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made  in  the  article  referred  to.  We  have  the 
example  of  an  instantaneous  current  in  the  dis- 
charge of  the  Leyden  Phial  or  Battery,  or  other 
similar  arrangement.  According  to  the  common 
form  of  the  experiment  of  discharge,  no  effect  is 
observed  except  at  that  part  of  the  cu-cuit  where 
the  discharging  rod  is  separated  from  the  coat- 
ing, or  more  generally  where  the  conducting 
circuit  between  the  coatuigs  is  interrupted,  so  as 
to  give  rise  to  a  spark  or  other  phenomena  of 
disruptive  discharge.  But  we  know  that  the 
conducting  part  of  the  circuit,  is  also  in  a  pecu- 
liar electric  state  at  the  instant  of  discharge ;  a 
state  essentially  distmct  both  from  the  natural 
condition  of  the  body,  and  from  the  condition  of 
mere  charge  or  electric  tension.  In  these  curcum- 
stances,  when  the  opposite  electricities  are — 
according  to  the  common  modes  of  statement — 
moving  through  the  circuit,  unitmg,  and  mutu- 
ally neuti-alizing  each  other,  the  circuit  is  said  to 
be  traversed  by  an  electric  current.  To  derive 
from  this  illustration  an  instance  of  the  more 
common  and  important  kind  of  current — that  is, 
the  continuous — we  have  only  to  suppose  that  one 
of  the  coatings  of  the  Phial  is  connected  with  a 
contmual  source  of  electricity,  while  the  other 
coatmg  is  uninsulated,  or  connected  with  a 
soiurce  of  opposite  electricity.  In  these  circum- 
stances the  discharge  condition  will  be  sustamed 
in  the  circuit  that  unites  the  coatings;  new 
charges  being  supplied  as  those  formerly  evolved 
are  neutralized :  in  otlier  terms,  the  circuit  will 
be  traversed  by  a  contmuous  current.  The  dis- 
charge of  the  Leyden  Phial  has  been  employed 
in  illustration,  for  the  purpose  of  connecting  in 
a  simple  way  the  subject  of  ciurents  with  that 
of  statical  electricitj'.  But  the  most  common 
type  of  the  current  in  connection  with  its  source 
is  the  Galvanic  Battery,  or  the  simple  Galvanic 
Circle.  Two  plates,  one  of  zinc  the  other  of 
copper,  are  partially  immersed  near  each  other 
in  dUute  sulphuric  acid ;  and  their  unsubmerged 
parts  are  connected  by  a  wire.  It  is  foimd  that 
the  wire  is  traversed  by  a  current,  as  if  tlie 
copper  plate  were  a  source  of  positive  electricity, 
and  the  zinc  of  negative.  It  is  important  to 
remember  that  the  direction  which  is  convention-  ' 
ally  ascribed  by  scientific  men  to  the  cuiTcnt,  is 
in  the  above  instance  from  the  copper  to  the 
zinc,  through  the  wire.  In  general,  what  is 
called  the  direction  of  the  cuiTent  is  the  direction 
in  which  the  positive  electricity  appears  to  move  ' 
in  the  circuit.  Having  obtained  a  simple  type 
of  the  current,  we  may  consider  some  of  its 
effects,  confining  ourselves  to  those  by  which 
the  cun-ent  itself  is  most  clearly  manifested, 
and  by  the  observation  of  which  "it  is  usually 
detected  and  measured.  One  of  the  earliest 
known  actions  of  electricity  in  motion  is  the 
calorific,  of  which  we  have  an  instance  in  the 
incandescence  of  a  fine  wire  by  the  discharge  of 
a  Leyden  Battery  through  it.  Similar  effects, 
risuig  in  intensity  to  the  fusion  and  brilliant 
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combustion  of  metallic  circuits,  nve  produced  by 
continuous  currents  of  sufBcicnt  power.  In 
general,  the  temperature  of  a  circuit  is  raised  by 
tlie  passage  of  electricity  througli  it.  This 
tliermic  influence  upon  the  circuit  has  been 
employed  iu  several  waj-s  for  the  measurement 
of  the  current.    In  Delarive's  Rheometer,  or 
current-measurer,  for  example,  which  was  the 
I  irst  invented  instrument  of  this  Isind,  the  cur- 
rent is  detected,  and  its  power  approximately 
'  determined,  bj''  the  temporary  extension  of  a 
■  line  metallic  wire  forming  part  of  the  cii'cuit; 
the  extension  being  due  to  a  rise  of  temperature, 
In  another  and  more  sensible  instrument,  the 
:  fine  wire  traverses  the  bulb  of  an  air-thermo 
I  scope,  and  the  effect  observed  is  the  expansion 
I  of  the  air  by  the  heat  communicated  to  it  from 
I  the  wire.    Instruments  of  this  kind  were  to  a 
!  great  extent  useless  for  the  purpose  of  measure 
ment  until  those  laws  had  been  determined,  by 
■wliich  the  intensity  of  the  current  is  connected 
■with  the  quantity  of  heat  evolved  by  it  in  the 
circuit.    And  though  we  now  have  this  know- 
1  ledge  through  the  recent  discoveries  of  Mr.  Joule, 
the  instruments  refen-ed  to  are  of  little  or  no 
use,  compared  -with  those  to  be  afterwards  men- 
tioned.   Another  class  of  effects  of  electricity  in 
motion  may  be  generally  termed  the  electro 
I  magnetic.    A  circuit  that  is  traversed  by  a 
( current  is  found  to  exert  certain  magneto 
i  inductive  and  mechanical  actions  upon  magnets 
I  and  magnetic  bodies  in  its  neighbourhood.  The 
I  laws  of  these  actions,  and  more  especially  of  the 
I  mechanical,  have  been  determined  with  great 
a  accuracy ;   and  they  have  given  to  physical 
s  science  one  of  its  most  valuable  instruments, 
t  the  Galvanic  Multiplier.    See  Galvanometer. 
I A  third  class  of  effects  of  the  current  are 
tithe  chemical.    When  certain  liquids  form  part 
oof  the  circuit,   they  are  chemically  decern-- 
p  posed,  and  the  elements  are  set  free,  in  the 
■simplest  cases,  at  those  parts  of  the  liquid  where 
tithe  current  enters  and  leaves  it.   By  the  labours 
«of  Becquerel  and  others,  and  especially  by  the 
kbeautiful  researches  of  Faraday,  the  laws  of  this 
dclass  of  actions  have  been  very  fully  investi- 
igated,  and  they  have  supplied  a  rheometric 
linstruraent  in  his  Volta-Electrometer,  that  leaves 
lothing  to  be  desired  in  regard  to  the  measure- 
nent  of  currents  which  have  a  certaui  intensity. 
TThese  brief  remarlts  on  the  effects  of  electricity 
ltd  motion  are  sufficient  for  our  present  purpose ; 
•which  is  to  give  some  indications,  however 
illght,  as  to  the  several  ways  in  which  the 
istence  of  currents  is  usually  detected  and 
itheir  strength  estimated.     Having  considered 
"some  of  the  effects,  we  may  now  look  with  equal 
^brevity  to  the  soitfces.     A  current  may  be 
tobtained  in  general  by  the  discharge  of  statical 
telectricity  by  whatever  means  excited.    But  the 
omore  important  kinds  of  current  are  derived 
hfrom  sources  which  evolve  statical  electricity  of 
'-ffixcessively  feeble  tension.    In  the  present  state 
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of  science,  tlie  most  valuable  soiwce  and  that 
most  commonly  employed  in  experiment  is 
chemical  action,  exemplified  in  the  common 
forms  of  the  Galvanic  Battery.    Heat  is  also  an 
important  som-ce  when  peciUiarly  distributed  in 
heterogeneous  metallic  circuits,  as  will  be  shown 
under  Thermo-Electeicity.  A  third  source  of 
currents  is  found  in  the  magnetic  forces,  com- 
bined with  certain  movements  of  the  conducting 
circuit  in  the  field  of  force.    The  evolution  of 
electricity  in  this  way  is  well  exemplified  in 
Faraday's  magneto-electric  machine.  The  sources 
and  effects  of  electricity  wiU  fall  under  our 
special  consideration  in  other  places,  so  that  we 
need  not  dwell  upon  them  further  at  present. 
An  essential  character  of  the  current  is  the  con- 
stancy of  its  powers  at  all  parts  of  the  circuit. 
Thus,  it  has  been  long  known  that  all  equal 
lengths  of  the  circuit,  when  acting  upon  similar 
magnets  in  similar  positions  and  at  the  same 
distances,  produce  equal  deviations.    A  similar 
law  holds  in  regai-d  to  electro-chemical  decom- 
positions.   If  several  processes  of  decomposition 
go  on  at  different  parts  of  the  circuit,  the  power 
expended  is  the  same  for  each ;  so  that,  if  the 
compounds  be  the  same,  the  quantities  of  the 
elements  evolved  in  the  several  processes  are 
equal.     The  truth  of  the  general  law  has 
appeared  to  be  more  than  questionable  in  regard 
to  the  calorific  power  of  the  current,  as  we  shall 
see  afterwards;  but  the  law  as  it  stands  is 
highly  important.    The  laws  of  the  Intensity  of 
Currents  have  been  investigated  vpith  much  dili- 
gence and  success.    Sir  H.  Davy  was  the  first 
to  attempt  the  investigation ;  and  besides  obta&i- 
ing  other  important  results,  he  laid  down  these 
two  laws,  that  the  intensity  of  a  galvanic  cur- 
rent varies  inversely  as  the  length  of  the  circuit, 
and  directly  as  its  section,  supposing  the  source 
to  be  of  constant  energy.    These  laws  have  been 
extended,  since  his  time,  to  liquid  ckcuits,  and 
to  Thei-mo-electric  currents.   Pouillet  discovered 
that  the  first  law,  as  stated  by  Davy,  required 
an  experimental  correction ;  and  the  correction 
when  made,  gave  this  beautiful  result,  that  the 
Pile  itself  affects  the  Intensity  of  the  current,  not 
merely  by  its  action  as  a  source,  but  also  by  an 
action  as  part  of  the  entire  circuit  in  transmitting 
the  electricity,  and  that  the  latter  action  is  intro- 
duced into  Davy's  law  by  attributing  to  the  Pile 
a  constant  effective  length  for  all  conditions  of 
the  rest  of  the  circuit.    The  importance  of  the 
laws  of  intensity  may  be  infen-ed  from  this  con- 
sideration, that  they  indicate  some  of  the  condi- 
tions which  are  essential  to  the  development  of 
currents,  and  to  thek  development  with  a 
greater  or  less  power.    Closely  connected  with 
this  subject  is  that  of  Conductibility.  The  specific 
conducting  powers  of  the  metals  have  been  very 
diligently  investigated  by  several  philosophers, 
and  according  to  various  methods.    Passing  by 
the  older  methods  of  Davy,  Pouillet,  and  others, 
we  may  mention  one  suggested  by  Faraday' 
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Wlien  conductors  move  in  a  certain  way  in  the 
neighbourliood  of  magnets,  they  are  traversed 
by  electric  currents,  and  it  appears  that  the 
intensity  of  the  cun-ents  varies  directly  as  the 
conducting  power  of  the  moving  body,  if  other 
things  are  equal.     By  employing  therefore 
constant  magnetic  arrangement,  and  causing 
different  conductors  to  move  similarly  in  the 
field  of  force,  we  would  only  have  to  measure 
the  currents  in  order  to  obtain  the  specific  con 
ducting  powers.   This  method  has  confirmed  the 
results  previouslj'  obtained  by  laborious  and 
unsatisfactory  experiment.    Copper,  gold,  and 
silver  are  the  best  conductors,  being  as  633,  600, 
and  466.    Lead  is  only  as  52,  mercury  between 
10  and  20.    Pouillet  has  endeavoured  to  esti- 
mate the  conducting  powers  of  liquids,  and  to 
compare  them  with  those  of  the  metals.  For 
the  conducting  power  of  the  saturated  solution 
of  sulphate  of  copper,  the  most  powerful  liquid 
that  he  examined,  he  found  a  value  only 
twelve  millionth  part  of  that  of  gold.  We 
obtain  from  this  example  a  good  idea  of  the 
width  of  range  taken  by  bodies,  in  regard  to 
conductibility:  for  the  liquid  here  compared  with 
gold,  is  an  excellent  conductor  compared  with 
other  bodies  usually  consigned  to  the  class  of 
Conductors. 

Currents,  Oceanic.  See  Ocean  and  Tides, 
Curvature.  Literally  the  amount  or  degree 
of  the  bending  of  any  mathematical  curve.  The 
general  prmciple  of  the  treatment  of  all  questions 
of  curvature  is  easily  explained.  The  direction 
of  a  straight  line  is  determined  when  two  points 
in  the  line  are  determined.  Through  any  two 
contiguous  or  elementary  points  in  any  curve, 
a  straight  line,  and  only  one  straight  line,  can 
be  drawn.  That  straight  line  is  the  tangent ;  or 
the  sti-aight  line  which  of  all  others,  most  nearly 
coincides  with  the  curve  at  the  pomt  or  points 
through  which  it  is  drawn.  The  position  and 
magnitude  of  a  circle  again  is  determined  by 
the  position  of  any  three  points  in  its  circum- 
ference: through  three  contiguous  2}oints  in  any 
cm-ve,  therefore,  a  circle  may  be  supposed  to  be 
described.  And  as  the  tangent  indicates  the 
direction,  this  circle — named  the  osculating  or 
Equicurve  Circle — indicates  or  measures  the  bend- 
ing, or  curvature  of  the  curve  at  the  said  point. 
The  finest  mathematical  theory  of  curvature  yet 
given  is  that  of  Lagi-ange,  and  it  rests  on  the 
foregoing  view.  The  curvature  of  any  Line  is 
technicallij,  single,  or  dnvUe.  If  the  line  is  in  one 
plane,  its  curvature  is  single ;  if  on  the  ot!;er  hand 
it  is  a  twisting  line  in  space,  it  is  termed  a 
curve  of  double  curvature.  The  theory  of  all 
such  curves  is  complete ;  although  it  cannot  be 
said  not  to  be  cumbrous.    See  Quatkrnion. 

Cyanomctcr.  An  instrument  invented  by 
Saussure  for  measuring  tlie  intensity  of  the  blue  of 
the  sky.  Imagine  a  band  of  rectangles,  of  which 
the  first  is  of  the  deepest  cobalt  blue,  whilst 
the  last  is  almost  white ;  the  intermediate  rect- 
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angles  presenting  all  imaginable  shades  between 
these  extremes.  By  comparing  this  scale  with 
the  sky,  it  is  easy  to  detect  with  which  rectangle 
the  shade  of  the  sky  corresponds ;  and  the  num- 
ber attached  to  that  rectangle  will  indicate  the 
degi  ee  of  blue.  By  an  ingenious  process,  Saus- 
sure obtained^y-one shades  regularly  graduated, 
between  white  and  black :  so  that  the  scale  of 
this  Cyanometer  comprises  fifty-three  degrees, 
con-esponding  to  combiiiat'ons  of  white  and  deep 
blue,  in  definite  proportions.  The  instrument, 
simple  as  it  is,  fully  answers  its  purposes. 

Cycle.  A  name  applied  to  an  interval  of 
time,  after  the  passhig  of  which  certain  pheno- 
mena, chiefly  astronomical,  recur  in  the  same 
order  and  with  the  same  circumstances  as  during 
its  continuance.  No  phenomenon  in  the  universe 
will  in  all  likelihood  ever  again  recur  identi- 
cally.   All  is  in  unceasing  mutation — no  star 
that  has  once  been  in  any  place  in  the  infinite 
space  will,  for  ever,  return  to  it,  or  any  cloud 
sky  that  has  once  shaded  the  earth  will  ever 
renew  itself.     But  this  does  not  prevent  the 
succession  of  chcumstances  nearly  similar,  in 
cycles  of  nearly  constant  length.    Thus  though 
the  length  of  the  year  changes  by  infinitesimal 
amounts,  we  can  take  a  certain  approximation 
to  it,  as  quite  near  enough  for  all  purposes,  and 
we  can  be  sure  that  after  it  passes,  the  sim  will 
pass  through  a  series  of  positions,  which  to  us 
appear  the  same  or  practically  so,  as  during  the 
cycle  of  the  year.    It  would  be  impossible  in 
this  article  to  name  and  give  an  account  of  all 
the  astronomical  cycles  within  which  phenomena 
reciur.    The  year  and  the  month,  as  the  most 
important  of  them,  will  be  noticed  elsewhere. 
The  word  cycle  is  applied  in  a  somewhat  narrower 
meaning  than  that  which  we  have  explained, 
and  which  properly  belongs  to  it.   The  year  and 
the  month  depend  on  the  recurrence  of  one 
onomical  phenomena,  which  again  does  not 
depend  on  the  recurrence  of  several  others. 
There  are  special  phenomena  such  as  echpses, 
whose  recurrence  is  the  result  of  peculiar  con- 
junctions of  phenomena,  and  the  name  cycle  is 
properly  applied  where  these  phenomena  are 
themselves  recurring  m  the  interval  from  their 
commencement  together,  to  their  recommence- 
ment.   We  shall  explain  some  of  them  here  in 
order.    And  fii-st — the  methods  by  which  the 
commencement  of  the  j'ear  and  the  day  are 
adjusted.    By  far  the  most  important  adjust- 
ment Avhich  we  have  in  this  regard  are  found 
detailed  in  the  articles  Bissextile  and  Calen- 
dar.   The  first  we  shall  specifj'  here  is  what  is 
called  the  solar  aide,  or  cycle  of  Sundays. 
This  is  chieflj'  of  chronological  interest.  Were 
our  year  composed  of  an  exact  number  of  weeks, 
as  52  weeks,  avc  should  have  a  constant  recur- 
rence of  days  in  the  same  order,  and  if  Sunday 
were  the  first  day  of  tlic  year,  it  would  be  (he 
first  day  of  the  j-car  for  ever  after.    But  the 
year  is  made  up  of  62  weeks  and  a  day.  Hence 
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unday  (take  any  other  day  of  the  week  as  well) 
es  backward  a  day  every  year.    The  firat  of 
is  year  is  on  a  Sunday,  suppose — then  that  of 
xt  year  wll  be  Monday,  of  next — Tuesday, 
1  so  on.  In  this  way  we  shoidd  come  back  to 
luday  after  seven  years,  and  go  through  the 
me  series  of  changes.    But  the  calculatioa  is 
j,ain  disturbed.    Suppose  the  first  year  to  be 
.g.  1854.    Then  next  year  (1855)  will  com- 
;ionce  on  a  Monday,  this  beginning,  suppose,  on 
nmday.     Next  j'ear  (1856)  commences  on 
i  .'uesday,  but  it  contains  52  weeks  and  2  days, 
ilvlence  the  next  year  wiU  commence  not  on 
I' Tednesday,  but  on  Thursday.     This  upsets 
i  ;  aerefore  the  cycle  of  seven  years  which  we  had 
,  iiagined.    We  come  back  to  a  year  commencing 
ith  Sunday — 1860,  but  we  do  not  go  through 
ae  days,  talving  all  but  Wednesday  as  com- 
ii?ucements  of  the  year.    The  j'ear  1860  has 
J  two  odd  days,  and  the  next,  1861,  com- 
a  iices  on  Tuesday.  Wewillgoon.   So  then— 
Wednesday,  Thursday,  Friday — then  (omitting 
le  fourth  day,  Satm-day)  Sunday,  with  stiU 
change  ia  the  order.     Monday,  Tuesday, 
I'ednesday,  omit  Thm-sday,  Friday,  Saturdaj', 
unday,  Monday,  omit  Tuesday,  Wednesday, 
hursday,   Friday,   Saturday,   omit  Sunday, 
fonday,  Tuesday,  Wednesday,  Thursday,  omit 
liday,  and  so  on.    Each  of  these  cycles  of 
ven  years  would  be  complete  but  for  this 
uission  of  every  fourth  day  in  the  succession 
commencing  daj's.    All  these  omissions  go  in 
e  one  direction — the  pushing  forward  of  the 
immencing  day  by  one  additional  day.  There 
one  of  them  every  four  years.    In  seven  of 
ese  four-year  periods  there  will  be  seven  of 
em,  and  the  year  will  therefore  be  seven  daj's 
one  week  pushed  forward  as  to  its  commenc- 
g  day.    Here  therefore  at  the  end  of  this 
ne  we  will  get  back  to  the  same  day  of  the 
3ek  for  the  commencing  day,  with  the  same 
ries  of  omissions  to  succeed  it  for  another  period 
seven  of  those  four-year  periods.    In  28  years 
erefore  there  will  be  a  constant  recun-ence  of 
e  same  series  of  days  of  commencement  of  the 
ar.    Thus  for  1854,  1855,  1856,  1857,  the 
ys  commencing  are  Sunday,  Monday,  Tues- 
y,  Thursday,  and  so  on  for  the  succeeding 
ars.    The  same  series  begins  again  at  1882, 
d  will  go  on  for  28  years  exactly  the  same, 
lis  period  of  28  years  is  called  the  Solar  Cycle. 
ir  the  old  style,  in  which  the  Julian  year  alone 
IS  employed,  the  method  was  perfect.  But 
irding  to  the  Gregorian  correction — (seo 
■srxtile)— the  years  1700,  1800,  1900,  are 
t  leap  years,  though  divisible  by  4,  nor  any 
imber  of  hundreds,  which  is  not  itself  also 
visible  by  4.    Hence  at  1900  the  cycle  is 
terrupted.     The  year  1900  should  have  its 
mmencing  day  two  days  behind  that  of  next 
ar.    It  has  Monday.    The  year  1901  should 
'  ive  Wednesday,  in  order  that  the  cycle  miglit 
it    But  the  year  1900  ia  not,  though  the 
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'  end  of  one  of  the  periods  of  four,  one  which  has 
two  odd  days,  but  only  one.    Hence  Tuesday 
will  be  the  commencing  day  of  1901,  and  so  it 
goes  on.    But  as  Wednesday  was  tlie  commenc- 
ing day  of  1883  (1901—28)  the  comparison 
between  the  28  3'ears  just  then  passed  and  the 
next  28  would  be  all  at  fault,  and  would,  if 
followed,  put  us  a  day  too  far  forward  in  our 
i-eckonuig  until  the  next  date  of  disturbance. 
The  series  of  days  will  require  then  to  be 
changed  for  1901  and  the  succeeding  years,  and 
will  go  on  so  changed  until  the  next  interrup- 
tion.    Usually  these  interruptions  will  recur 
every  100th  year,  but  2000  is  a  leap  year,  and 
the  cycle  of  days  marked  in  1900  will  go  on 
uninterrupted  for  200  years  in  consequence, 
requiring  new  change  at  2100,  then  requiring 
still  another  change  at  2200,  and  so  on.  It  Avill 
be  useful  to  give  for  this  century  the  days  of 
commencement; — 1800,  Tuesday;  1801,  Thurs- 
day;  1802,  Friday;   1803,  Saturday;  1804, 
Sunday;  1805,  Tuesday;  1806,  Wednesday; 
1807,  Thursday;  1808,  Friday;  1809,  Tues- 
day; 1810,  Monday;  1811,  Tuesday;  1812, 
Wednesday;  1813,  Friday;  1814,  Saturday; 
1815,  Sunday;  1816,  Monday;  1817,  Wednes- 
day; 1818,  Thursday;  1819,  Friday;  1820. 
Saturday;  1821,  Monday;  1822,  Tuesday;  1823, 
Wednesday;  1824,  Thm-sday;  1825,  Satm-day; 
1826,  Sunday;  1827,  Monday.— If  to  each  of 
these  numbers  we  add  28,  or  56,  or  84,  we  will 
get  the  series  of  years  for  which  the  commencing, 
day  is  the  same,  and  also  the  commencement  of 
a  like  cycle.    Thus  1806       28  =  1834,  has 
Wednesday  for  its  first  day  (as  1806  has).  So 
also  1806  -j-  56  =  1862,  and  so  also  1806  +  84 
=  1890.    When  we  add  still  higher  multiples 
of  28,  i.e.  112,  140,  &c.,  we  get  1806 -j- 112  = 
1918,  and  here  we  would  be  led  a  day  too  far  for- 
ward. Tuesday  therefore  is  the  day  for  this,  and 
so  Tuesday  is  the  commencing  day  of  1918  -)- 
any  multiple  of  28,  as  long  as  this  does  not  reach 
2100. — Cych  of  Indiction.  A  period,  (quite  arbi- 
trary,) of  15  years,  originated  by  the  issuing  of 
a  tribute  edict  by  the  Roman  emperors  every 
fifteen  years.    It  is  of  frequent  occurrence  in  old 
history,  chiefly  ecclesiastical.    The  position  of 
any  year  in  the  cycle  of  mdiction  may  be  found  by 

addmg  3  and  dividing  by  15.    Thus  1855  -(-  3 

=.123  j^,  and  therefore  this  is  the  13th  year 

of  such  a  cycle.  If  we  take  312  from  the  year 
git^en  and  divide  by  16,  thus  1855  —  312  = 

1543  13  15 

=  102  j-^,  the  remainder   13  indicates 

the  year  of  such  a  cycle  as  before,  and  the 
quotient  102  gives  the  number  of  the  cycles 
past.  We  are  therefore  living  in  the  13tli  year 
of  the  103d  cycle  of  indiction.    The  year  313 

is  taken  as  the  first  year  of  the  first  cycle  

the  origin  of  this  chronological  period. — There  Ls 
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a  period  or  cycle — called  variously  the  Sothiac 
period — the  Canicular  year — the  Annus  Magnus 
or  Annus  Vagus,  which  merely  requires  notice. 
It  was  used  among  the  Egyptians.  Their 
original  jn-actice  was  to  have  12  months  of  30 
days  each,   intercalating  5  days,  as  a  full 
equivalent  for  the  year.    They  very  soon  found 
the  length  of  the  year  to  be  365|  days.  But 
the  priests  attached  mystic  importance  to  the 
dates  of  their  recm'ring  festivals,  fixed  according 
to  the  old  method,  and  would  not  introduce  the 
fourth  day.    Hence,  whUe  the  people  adopted  a 
year  measured  by  the  recmTeuce  of  what  is 
called  the  heliacal  rising  of  Sirius,  the  priests 
instituted  the  Sothiac  period  of  365  X  4  years, 
within  which  it  is  evident  that  the  eiTor  of 
of  a  day,  constantly  accumulating,  would  amount 
to  a  complete  year  of  305  days,  which  would 
then  be  considered  as  non-existent,  so  that,  thus 
the  1461st  year  commenced  with  an  agi-eement 
between  the  sacred  and  popular  year.     It  is 
probable  that  the  institution  did  not  last  over 
one  complete  cycle.    Had  it  done  so,  it  could 
not  have  failed  to  be  noticed  that  1460  years 
would  not  serve  for  such  a  period,  because  ^ 
of  a  day  is  not  the  amount  of  annual  error,  but 
1508  years  rather. — The  next  peiiods  of  impor- 
tance are  connected  with  the  adjustment  of  the 
moon's  motion  with  that  of  the  sun,  and  in  con- 
sequence— as  on  their  relative  positions  eclipses 
depend,  also  with  the  calculation  and  prediction 
of  eclipses. — The  first  is  the  Metonic  cycle  of 
235  lunations,  introduced  by  Meton,  who  lived 
in  Athens  about  432  b.c.    A  limation  is  the 
period  from  fixll  moon  to  full  moon,  or  from  new 
moon  to  new  moon.   The  period  of  235  lunations 
of  29-53059  days  each  gives  6939-69  days.  Now 
19  years  of  365^  days  each  give  6939-75  days. 
Hence  the  recuiTence  of  new  moons,  at  the  same 
parts  of  a  cycle  of  19  years,  if  the  Julian  method 
of  reckoning  the  year  were  adopted,  would  be 
pretty  accurate.    Each  cycle  then  would  indeed 
be  a  falling  back  of  -06  of  a  day  in  the  occur- 
rence of  new  moon,  but  this  would  not  amount 
to  a  whole  day  until  above  300  j'ears.  Hence, 
tabulating  as  in  the  solar  cycle  the  dates  of  new 
and  full  moons  for  19  years,  we  should  have 
the  same  dates  on  which  they  would  recur  during 
each  year  removed  from  the  former  by  any 
multiple  of  19  years.    Thus  given  the  dates  of 
aU  the  new  and  full  moons  in  1854,  we  would 
have  the  same  dates  for  1873,  1892,  &c.  There 
\voHld  be  slight  disturbance,  however,  always  to 
be  allowed  for,  caused  in  this  arrangement,  by 
the  fact  that  there  is  not  a  year  of  365^  days, 
but  three  years  of  365  and  four  of  366.  This 
might  produce  an  error  of  neariy  a  day  either 
way.     Still  the  cycle  was  very  useful.  The 
Gregorian  reformation  of  the  calendar  has  yet 
further,  however,  deranged  it,  so  much  so  indeed 
as  to  render  new  tables  necessai-y,  as  in  the  solar 
cycle,  for  every  time  that  the  interniption  comes. 
—The  Metonic  cycle  of  235  lunations  contains 
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also  255-021  nodical  months,  that  is,  months 
which  are  measured  by  the  interval  between  tlic 
moon's  orbital  intersections  of  the  ecliptic.  At 
the  recommencement  of  a  Metonic  cycle,  there- 
fore, the  moon  is  very  near  the  same  position 
relative  to  her  node,  as  she  was  at  the  beginning 
of  it.    In  -021  of  a  nodical  month  she  will  be 
accurately  at  the  same  point.     Now,  eclipses, 
both  of  sun  and  moon,  depend,  as  we  shall  see 
(Eclipses)  upon  the  new  and  full  moon,  and 
on  the  position  of  the  moon  in  her  node.  Wlien 
the  new  moon  is  at  her  node  there  is  a  solar 
eclipse ;  when  the  full  moon  is  so  a  lunar  one. 
Hence  in  the  successive  Metonic  cycles  the 
eclipses  will  run  at  the  interval  of  -021  of  a 
nodical  month  from  identical  dates;  that  is, 
however,  -021  X  27-212  days,  rather  more  than 
half  a  day.    Hence  the  Metonic  cycle  will  not 
serve  very  well  as  a  cycle  of  eclipses,  but  will 
very  well  for  marking  the  con-ections  pointed 
out  to  suit  the  JuUan  and  Gregorian  Calendars, 
as  a  cycle  of  lunations. — This  cj'cle  of  19  years, 
or  235  Imiations,  is  used  for  finding  Easter,  ■ 
being  there  called  the  cycle  of  the  Golden 
Number.   It  is  also  called  the  lunar  cycle.  This 
latter  tei-m  one  readily  understands ;  the  former 
origuiates  in  the  sanctity  attributed  to  the  church 
festivals,  the  dates  of  which  the  ancient  church 
constantly  fixed  by  periods  of  new  moon.  The 
methods  of  calculating  Easter  Day  will  be  foimd 
in  chronological  treatises. — The  next  cycle  which 
was  constructed  as  an  improvement  upon  the 
Metonic,  was  the  Calippic,  due  to  Calippus,  a 
disciple  of  Plato,  who  flourished  about  330  B.C. 
He  found  the  errors  of  the  Metonic  cycle  veiy 
manifest  in  observing  an  eclipse  near  the  time  of 
the  death  of  Alexander  the  Great.    He  merely 
made  a  cycle  of  four  times  as  much  length  as 
that  of  Meton,  all  but  1  day.    His  cj-cle  con- 
tained 76  years  all  but  1  day  therefore,  and  it 
contained  still  more  near  approximation  than 
Meton's  to  an  exact  coincidence  of  lunations  and 
nodes.    There  were  in  it  very  nearly  940  luna- 
tions, 1020  nodical  months,  and  1016  sidereal 
months.     It  had  the  faults  of  the  Metonic 
cycle,  less  exaggerated  than  his.     He  com- 
menced calculating  his  cycle  from  the  new 
moon  immediately  following  the  summer  sol- 
stice of  330  B.C.    Meton's  cj'-cle  commenced  on 
the  15th  July  of  the  year  432.— The  best 
period  for  the  calculation  of  eclipses  which' 
has  come  to  be  A-ery  well  known  is  the 
"  Saros,"  a  period  of  Chaldean  origin.  This 
period  consists  of   223   lunations.     In  that 
period  there  are  241-029  sidereal  months,  so  that 
the  moon  at  the  end  of  it  is  very  nearly  in  the 
same  position  in  tlie  sky  as  she  was  at  tlic  com- 
mencement. There  are  also  238-992  anomalistic 
months,  so  that  she  is  very  nearly  in  the  same 
position  in  her  ovm  orbit  also.  There  are  besides 
241-999  nodical  montlis,  so  that  she  is  veiy 
nearly  in  the  same  position  regarding  the  cclijitic, 
having  gone  forwaM  by  -001  of  a  nodical  moutli, 
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r  ■  about  -027  of  a  day.  Now  the  occurrence  of 
riilipses  depends  upon  the  position  of  the  moon 
tsar  her  nodes,  and  her  conjunction  with  or 
opposition  to  the  sun.  Here  then,  supposing 
i.-3r  to  be  in  opposition  or  conjunction,  and  at  her 
;ode,  at  the  commencement  of  a  saros,  she  will 
:  3  in  conjunction  or  opposition  again  and 
::3ry  near  her  node  (having  passed  it  about 
'D  minutes  before),  at  the  end  of  the  saros. 
[■fence  in  this  period  all  ecUpses  will  vei*y  nearly 
c!cur.  Chronologically,  however,  this  is  not 
•qual  to  the  Metonic  or  Calippic  periods  as  not 
[living  the  dates  of  eclipses  at  once ;  but  it  is  far 
i.xore  accurate,  as  givmg  the  time  of  their  occur- 
ence. The  223  lunations  make  up  6585-32128 
luys  or  18  years  of  365  days  each,  15  days, 
1  hours,  40  minutes,  SS  seconds.  It  has  no 
iMnite  period  of  commencement,  so  that  if  we 
iQOOse  to  commence  it  in  one  year  we  may  have 
iwe,  or  in  another  four  leap  years  in  the  18.  In 
ee  first  case  the  saros  consists  of  18  years, 
OD  days,  7  hours,  40  minutes,  38  seconds,  and 
lithe  second  the  same  with  1  day  added  to  it. 
hhe  origmal  Chaldean  period  is' 6585^  days, 
lihich  is  wonderfully  accurate,  being  only  in 
Tfror  by  19  minutes  22  seconds,  and  they  were 
oont  to  treble  the  period  in  order  to  get  at  the 
Kact  number  of  days.  This  method  secured 
learly  the  ending  of  each  saros  in  the  same 
mrt  of  the  day  as  the  beginning  of  it,  a  point  of 
Rreat  importance,  as  far  as  its  use  in  predicting 
klar  eclipses  goes.  Like  all  such  periods,  which 
lake  one  recurring  phenomenon  coincide  with 
lother,  the  saros  does  not  completely  answer 
_8  end.  The  little  differences  of  nearly  40 
ninutes  in  each  Saros  accumulates,  and  carries 
ne  moon  out  of  the  position  where  eclipses  may 
ecur — ^putting  partial  eclipses  for  total,  and 
lifimately  destroymg  the  partial  ones.  The 
RTOS  cannot  well  be  used,  therefore,  as  a  means 
:  discovering  eclipses  far  removed  from  our 
■nmes.  In  the  saros  there  are  generally  about 
ID  eclipses,  of  which  29  are  lunar,  and  41  are 
blar,  visible  in  some  part  of  the  earth.  In 
lie  course  of  a  year  the  number  of  eclipses 
»  visible  may  be  as  many  as  seven  and  as  few 
1  two.  See  Article  Eclipses— The  Paschal 
mcle  is  an  ecclesiastical  one,  exactly  like  the 
War  in  principle.  There  the  even  disturbance 
I  one  day  per  week  is  not  permitted  by  the 
Induction  of  leap  year.  Here  the  regular 
Hcurrence  of  Easter,  on  the  same  day  of  the 
ear  after  19  years,  cannot  take  place  on  the 
■me  day  of  the  week,  because  the  commence- 
ment of  the  year  does  not.  The  two  cycles  of 
)  and  28  years  do  not  comcide,  just  as  the  two 
^/cles  of  7  and  4  years.  The  same  principle 
Wuch  procured  their  coincidence  in  a  larger 
/cle,  by  multiplying  them  together,  does  so 
NBre  also.  _  Hence  19  X  28,  or  532  is  the  period 
Mthm  which  the  recurrence  of  Easter  on  tlie 
■one  day  of  the  year— for  all  the  successive 
faster  days  of  that  period  takea  place.— The 
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Julian  Cycle  is  a  contrivance  on  the  very  same 
principle,  introduced  by  Joseph  Scaliger,  to  make 
the  cycle  of  indiction  and  the  solar  and  limar 
cycles,  coincide.  It  is  merely  28  X  19  X  15 
3'ears,  or  7980  years.  Its  commencement  was 
fixed  at  4713  B.C.  Hence  by  subtracting  the 
number  of  any  year  B.C.  fi-om  4714,  or  adding 
that  of  any  year  yet  reached  a.  d.  to  4713,  we 
will  get  the  year  of  the  Julian  period.  "By 
dividing  this  by  28  we  get  the  year  of  a 
standard  solar  cycle,  in  the  remainder  by  15 
that  of  indiction,  and  by  19  that  of  a  standard 
lunar  cycle. 

Cycloid.  A  curve  thus  described.  Take  a 
circle  and  mark  on  it  one  point.  EoU  this  circle 
along  a  straight  line  in  any  plane,  and  observe 
the  various  points  successively  covered  by  the 
marked  one  on  the  circle.  The  curve  so  traced 
will  be  a  cycloid.  Galileo  was  the  first  to 
remark  it  in  1615.  Its  equations  are  x  =  a  — 
sin.  ai)  and  y  =  a  versin,  u,  where  a  is  the  radius 
and  <u  the  angle  between  the  radius  to  the  point, 
(x,  y,)  and  the  radius  to  the  point  where  the 
generating  circle  touches  the  constant  straight 
line.  They  may  also  be  put  in  these  two  other 
forms : — 

1=  versin  ^  +     (2  «y-y') 
a  a 
dy  1 

"dx  =  2 
Cylinder.  A  solid  terminated  by  three  sur- 
faces, one  of  which  is  convex  and  continuous — 
being  in  the  cylinder  proper,  chcular — the  other 
two  parallel.  A  right  cylinder  is  one  in  which 
the  line  joining  the  centres  of  the  limiting  cuxles 
is  perpendicular  to  their  plane.  Every  other 
cylinder  is  oblique.  A  right  cylinder,  in  the 
confined  sense  we  have  indicated,  may 
be  conceived  as  described  by  a  rect- 
angle revolving  round  one  of  its  sides 
as  in  the  figure,  and  an  oblique  one 
may  be  formed  by  cutting  a  right  cy- 
linder slant  across.  The  more  philo- 
sophical definition  of  a  cylinder  as 
including  all  possible  ones,  would  be 
that  an  infinite  number  of  infinitely 
tliin  planes,  bounded  by  cm-ves  of  the  same  size 
and  character,  returning  into  themselves,  are  laid 
one  above  the  other,  the  cylinder  being  the  com- 
plete outline  of  the  solid  so  formed.  The  line 
between  the  centres  is  the  axis  of  the  cylinder, 
and  the  two  parallel  sides  are  the  bases.  The 
height  is  the  perpendicular  distance  between  the 
bases.  The  content  of  the  cylinder  is  the  product 
of  the  height  by  the  area  of  either  base.  The 
convex  surface  is  equal  to  the  product  of  the 
circumference  of  the  base  by  the  length.  Similar 
cylinders  are  those  with  similar  bases,  having 
their  axes  inclined  similarly,  and  their  proportion 
to  the  linear  dimensions  of  the  bases  the  same. 
The  oblique  cyhnder  with  elliptic  ends  is  some- 
times called  a  cylindroid. 
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The  beautiful  department 
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Daguerreotype.     

of  photographic  art  which  is  so  designated,  de 
rives  its  name  from  its  inventor,  Daguerre,  who, 
along  with  another  indefatigable  French  experi- 
mentalist, Niepce,  after  long  continued  researches, 
succeeded  in  perfecting  its  difterent  processes, 
and  published  them  to  the  world  in  July,  1839. 
A  short  rationale  of  the  art  will  first  be  given, 
and  afterwards  a  description  of  the  different  steps 
necessary  for  the  production  of  a  Daguerrean 
picture.  A  surface  of  pure  silver  is  caused  to 
combine  with  iodine,  and  in  the  more  recently 
improved  methods  also  with  bromine,  whereby 
a  film  of  ioduret  and  bromuret  of  silver  is  pro- 
duced which  is  exquisitely  sensitive  to  light,  in 
such  a  way  that  if  exposed  even  for  a  single 
second  to  a  feeble  daylight  an  incipient  change 
is  produced  in  it,  which  tliough  not  obvious  by 
mere  inspection,  yet  becomes  evident  by  the 
facility  which  it  has  acquired  of  condensing 
vapours,  particularly  that  of  metallic  mercury, 
on  its  surface.  If  the  plate  be  long  exposed  to 
light,  a  change  on  the  surface  becomes  ap- 
parent without  any  development  by  mercurial 
vapours,  though  this  requires  a  much  longer 
time,  at  least  1000  times  greater  than  that  which 
is  necessary  to  determine  the  first  affinity  for 
mercury.  If,  instead  of  the  plate  having  been 
exposed  to  diffused  light,  it  be  put  in  the  field  of 
the  camera  obscura,  the  image  impresses  the 
magical  change  on  the  different  parts  of  the  sur- 
face, to  an  extent  proportionate  to  the  intensity 
of  the  light  (to  speak  simply),  and  thus  a  latei,t 
image  of  the  picture  is  produced,  which  is  after- 
wards brought  out  by  exposure  to  mercurial 
vapour,  which,  by  adhering  to  the  parts  acted 
on  by  the  light,  gives  them  a  white  appearance, 
while  the  parts  on  which  the  light  has  not  acted 
remain  of  the  original  dark  aspect  of  the  polished 
silver.  The  sensitive  bromo-ioduret  of  silver  is 
now  removed  from  the  plate  by  a  weak  solution 
of  hyposulphite  of  soda  in  water,  after  which  it 
is  washed,  and  is  no  longer  sensitive  to  light.  It 
is  then  protected  and  strengthened  in  its  appear- 
ance by  boiling  on  its  surface  a  solution  of  chlo- 
ride of  gold.  Afterwards  it  is  carefully  covered 
by  glass,  and  protected  from  the  contact  of  air 
and  damp.  Even  with  all  precautions,  it  is  to 
be  regretted  that,  owing  to  the  extremely  oxidiz- 
able  nature  of  mercury  and  silver,  the  brilliant 
aspect  of  these  beautiful  phantoms  after  a  tunc 
begins  to  fade;  and,  except  in  the  case  of  tlieir 
being  hermetically  sealed  in  cases  of  glass  there 
is  reason  to  believe  tliat  in  comparatively  few 
years  most  of  them  will  pcrish.-As  to  the  prac- 
tical operations  of  the  Daguerreotypist,  space  com- 
pels us  to  be  brief.  The  silverizcd  tablets  of 
copper  are  to  be  Iiad  of  the  shops.  Ihcy  must 
be  again  polished  immediately  before  being  ex- 
posed to  the  iodine.    Olive  oil  and  finely  pow- 
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dered  pumice  are  first  rubbed  on  by  circular 
strokes  of  a  dossil  of  fine  cotton  wool.  The  wool 
is  again  and  again  renewed,  tiU  the  whole  of  the 
oil  and  pumice  are  removed,  after  which  the  sur- 
face is  wetted  by  a  piece  of  cotton  dipped  in  one 
part  of  nitric  acid  to  fourteen  of  water,  which  is 
afterwards  wiped  off  by  clean  cotton,  and  fine 
pumice  reapplied.  It  may  then  be  finished  by 
circular  movements  or  strokes,  as  they  are  called, 
on  a  piece  of  velvet,  till  a  fine  black  polish  comes 
over  the  whole  surface.  It  is  now  placed  in  the 
iodine  box,  of  which  a  representation  is  annexed, 
into  which  a  small  quantity  of  iodine  has  been 
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put,  and  is  allowed  to  remain  till  the  surface 
is  of  a  pale  yellow  colour  when  examined  in  a 
feeble  light.  '  It  may  now  be  placed  in  the 
camera,  but  it  can  previously  be  rendered  much 
more  sensitive  by  exposure  to  the  vapour  of 
bromine,  rising  from  a  small  quantity  of  bromide 
of  lime  placed  in  a  box  similar  to  the  iodine  box, 
till  it  is  of  a  rose  colour;  after  which  it  is  to  be 
exposed  in  the  camera  for  a  period  varj'ing  from 
a  fraction  of  a  second  to  a  few  minutes,  the  time 
depending  only  on  the  sensitiveness  of  the  surface 
and  the  strength  of  the  light.  This,  experience 
only  can  teach.  The  image  is  now  to  be  deve- 
loped, by  placing  the  plate  in  the  mercurial  box, 
at  a  height  of  a  few  inches  from  a  small  metallic 
pan  of  mercury,  in  which  is  placed  a  thermomej 
ter,  the  plate  being  inclined  at  an  angle  of  45 
to  the  rising  vapour.  A  spirit  lamp  is  placed 
under  the  pan,  and  the  temperature  raised  so  as 
not  to  exceed  167"  Fahr.  The  development  of 
the  image  is  to  be  watched  by  the  light  of  a 
candle  held  near  the  small  window  in  the  side  of 
the  mercurial  box,  while  Ihc  eye  is  placed  at  the 
other.  The  plate  is  then  to  be  removed  from  the 
box,  and  while  still  in  the  dark  room  it  is  to  be 
placed  for  a  moment  under  water,  and  then 
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ed  to  and  fro  in  a  solution  of  hyposulphite 
da,  till  the  yellow  colour  is  removed,  and  then 
shed  in  a  gentle  stream  of  water,  the  water 


Fig.  2. 

fg  afterwards  blown  from  the  surface  if  any 
«B  adhere,  lest  in  drj-ing  they  should  leave 
The  plate  is  now  to  be  held  by  a  small 
oof  pincers,  and  covered  by  a  solution  of  gold, 
le  by  dissolving  four  grains  of  chloride  gold 
Sght  ounces  of  water,  and  sixteen  grains  of 
Dsulphite  of  soda  in  two  ounces  of  water. 
I  the  two  solutions,  gradually  shaking  them 
flther.  ^  This  liquid  keeps  well,  and,  as  above 
trted,  is  poured  in  sufficient  quantity  to  cover 
Mate,  which  is  then  held  over  a  spirit  lamp  till 
~ig  is  produced,  and  a  considerable  portion  is 
^  'rated,  after  which  the  remainder  is  to  be 
nra  off,  and  the  plate  quickly  washed  and  dried, 
c  cannot  be  denied  that  though  the  Daguerreo- 
^  as  far  as  sharpness  and  delicacy  of  detail  is 
mrned,  is  the  most  perfect  of  all  the  photo- 
Uiic  processes,  yet  it  is  the  most  difficult  of 
IHpulation.  So  much  is  this  the  case,  and  so 
•nilt  is  it  to  get  the  plates  sutEciently  clear 
fffree  from  scratches,  that  it  is  scarcely  a  pro- 
fc&r  an  amateur.  The  metallic  glare  of  the 
wres  and  the  livid  look  wliich  they  frequently 
hme  are  also  objections  from  which  the  re- 
of  the  arts  described  under  the  heads  Calo- 
j;  and  Collodion  are  free,  and,  as  already 
OA  at,  there  is  reason  to  believe  that  the 
mres  80  produced  are  less  liable  to  decay. 
f  can  also  be  more  easily  obtained  of  a  larger 
^  and  can  be  manipulated  in  the  fields  for  the 
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production  of  out-door  views  far  more  easily 
tlian  the  plates  of  the  Daguerreotj'pe  process.  It 
ought  perhaps  to  be  stated,  as  an  important 
point  in  manipulation,  and  also  as  curious  in 
itself,  that  a  momentary  exposure  of  a  plate  to 
bromine  vapour  which  has,  after  being  made 
sensitive,  been  exposed  in  the  camera,  completely 
efiaces  the  impression,  so  that  no  image  would 
be  developed  were  it  submitted  to  mercurial 
vapour ;  and  that  the  same  action  of  the  bromine 
renders  the  surface  again  sensitive.    So  that  it 
is  unnecessary  to  clean  the  plate,  if  before 
developing  we  suspect  the  picture  to  be  imper- 
fect.   All  that  is  necessary  is  to  submit  it  for  a 
little  to  bromine,  and  slip  it  into  the  slide  of  the 
camera  again  to  be  exposed. — It  is  also  worthy 
of  notice  that  it  is  in  connection  with  the 
Daguerreotype  process  that  the  most  successful 
attempts  have  been  made  to  procure,  directly  by 
photogi-aphy,  pictures  in  their  natural  colours, 
an  achievement  which,  could  it  be  accomplished, 
would  leave  little  to  be  desired  in  this  beautiful 
art,  which  has  alreadj"-  done  so  much  for  the 
instruction  and  delight  of  mankind  and  for  tiie 
glory  of  its  illustrious  discoverer. 

l>aIioiiDgii].  A  name  given  to  that  imper- 
fect sensation  or  appreciation  of  colours  with 
which  many  persons  are  afflicted  :  it  is  derived 
from  the  name  of  the  great  chemist  Dalton,  who 
had  the  infirmity  in  excess.    The  imjoerfection 
is  a  singular  one  :  the  form  of  objects  is  readily 
discerned  and  judged  of;  nay,  the  eye  is  sen- 
sible to  the  smallest  amount  of  light :  but  the 
sensitive  or  perceptive  apparatus  is  apathetic  to 
certain  tints ;  and  either  the  former  does  not 
transmit  notice  of  them  to  the  brain,  or  the 
latter  cannot  judge  of  the  transmitted  intimation. 
Seebeck  closely  investigated  the  infirmity.  He 
divided  Daltonians  into  two  classes, — the  Jirst 
composed  of  persons  who  are  deceived  rather 
with  regard  to  shades  of  colour,  than  as  to  dif- 
ferent colours ;  who  confound,  for  instance,  clear 
orange  with  pure  yeUow,  lilac  with  bluish-gray, 
&c.,  &c. :  the  second,  of  those  who  really  do  not 
Icnow  many  distinct  colours,  having  for  the  most 
part  an  extremely  feeble  appreciation  of  the  less 
refrangible  rays  of  the  spectrum,  or  of  the  rays 
near  the  red  end.    Two  general  conclusions  are 
drawn  by  Seebeck  from  a  large  series  of  observa- 
tions. 1.  Daltonism  never  affects  the  yellow  rays : 
every  eye,  however  imperfect  otherwise,  distin- 
guishes yellow.   2.  The  sensations  of  complemen- 
tary colours,  are  inseparable ;  so  that  the  eye  is 
sensible  or  insensible  to  both  at  once :  for  instance 
the  eye  that  perceives  blue,  will  also  perceive 
orange;  the  eye  that  cannot  distinguish  red 
will  not  be  able  to  distinguish  green,  &c.,  &c. 
There  is  a  far  greater  number  of  Daltonians 
than  is  generally  supposed ;  more  among  males 
than  among  females :  the  defect  is  also  here- 
ditary.   Dr.  George  Wilson  of  Edinburgh  not 
unwisely  asks  whether  it  may  not  often  blind 
railway  guards  to  the  character  of  those  coloured 
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sifftials  -whicli  it  so  much  behoves  that  they 
interpret  aright?  By  a  very  simple  means 
Daltonians  may  be  made  aware  of  their  error, 
viz.,  by  the  use  of  coloured  glasses.  If,  for 
instance,  one's  eye  confounds  green  with  red, 
it  is  enough  to  use  a  red  glass,  and  the  differ- 
ence of  the  colours  will,  to  his  great  astonish- 
ment, be  perceived  in  an  instant.  See  memoirs 
by  Secbeck,  Wartmann,  Szokalski,  and  Dr. 
George  Wilson. 

JDaltoii's  liaw : — that  two  gases  placed  be- 
side each  other  in  a  given  space,  expand  towards 
each  other,  ultimately,  as  toward  vacuum.  Thus, 
for  example,  if  carbonic  acid  and  common  air  be 
put  into  one  vessel,  the  carbonic  acid  will  spread 
after  a  time  through  the  whole  vessel  as  though 
air  were  not  present  at  all ;  and  the  air  will,  in 
its  turn,  expand  as  if  there  were  no  carbonic  acid. 
The  pressure  upon  any  part  of  the  vessel  -will  be 
the  sum  of  the  pressures  of  the  expanded  portions. 
Thus,  if  a  of  the  vessel  be  filled  at  first  -with  tlie 
acid,  and  b  with  the  air,  the  volume  of  each  -will 
become  a  -J-  b,  and  according  to  Marriotte's  law, 

a 

the  pressm-e  of  the  first  will  be  — r-fo  of  what  it 

b 


was,  and  of  the  second 


of  what  it  was. 


a-j-b 

Suppose  p  and  p'  the  two  pressures  on  each 
square  inch,  then  the  ultimate  pressure  wUl  be 
a  p  -j-  b  p' 


a  +  b 


If  the  two  gases  have  originally 


the  same  pressure  p. 


a  p  -|-  b  p' 


will  become  equal 


a  +  b 

to  p.  That  is,  the  pressure  on  the  sides  of  a 
vessel,  acted  on  by  a  given  internal  pressiure,  is 
not  altered  by  the  mixtm-e  within  it  of  two  gases, 
originally  of  the  same  elasticity. — Dalton's  law 
does  not  require  that  the  mixture  of  gases,  and 
the  completion  of  the  process,  should  be  instan- 
taneous. In  fact,  it  never  is.  If,  for  example, 
carbonic  acid  at  atmospheric  pressure  be  enclosed 
in  a  vessel  with  a  plaster  of  Paris  lid,  put  over 
water,  and  a  small  hole  be  bored  in  the  lid,  the 
water  will  rise  until  it  nearly  fills  the  vessel.  If 
the  operation  of  Dalton's  law  were  instantaneous, 
there  could  be  no  such  rising,  the  carbonic  acid 
would  immediately  disappear  almost  entirely  into 
the  air,  and  the  air  would  take  its  place ;  but  the 
pressure  would  be  constant,  and  equal  to  that  of 
the  atmosphere  upon  the  outside  water.  In  point 
of  fact,  some  hours  would  elapse  before  the  level 
had  sunk  to  its  original  height.  Most  gases,  in- 
deed, expanding  towards  vacuum,  do  so  with 
violent  accompanjang  explosions.  Gases  mixing 
according  to  this  law,  conduct  themselves  with 
perfect  quietude. 

Dnsynieter.  An  instrument  invented  in 
1780  by  M.  Fouchy,  with  the  view  of  ascertain- 
ing the  density  of  different  descriptions  of  gas. 
It  is  merely  a  globe  of  very  thin  glass,  capable 
therefore  of  nearly  floating  m  air,  and  which 
is  weighed  against  ordinary  weights  in  dif- 
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ferent  gases.  The  principle  of  Archimedes 
(Balance — HvDRosTA-nc)  will  immediately 
show  the  reader  how  the  instrument  should  be 
used.  Tlie  glass  ball  displaces  its  own  volume 
of  the  gas ;  and  the  weight  of  that  amount  i, 
deducible  from  comparison  between  the  ball 


vacno  or  an  atino- 
We  thus  come  to 


weighed  in  a  gas,  and  in 
sphere  of  known  density, 
know  the  density  of  the  gas. 

JDawii.  During  a  considerable  time  before 
the  morning  Sun  is  visible,  there  is  not  complete 
darkness  in  the  sky.  The  luminary  appears  at  the 
very  moment  when  his  direct  rays  reach  the  eye; 
and  this  partial  illumination  must  be  due  to  some 
other  influence;  principally  to  the  reflective  power 
of  the  atmosphere.  The  sunlight  enters  the 
atmosphere  before  it  reaches  us  directlv.  The 
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spectator  at  e  will  not  see  the  sun  until  he  rises 
above  the  horizontal  line  m  n,  but  when  he  is  at 
s  his  lowest  ray  will  be  along  s  p  k.  As  the 
other  rays  will  all  pass  on  the  upper  side  of  s  k, 
unmtercepted  by  the  earth,  if  we  conceive  the 
ring  LFG  to  be  the  outer  limit  of  the  atmosphere, 
the  whole  atmospherical  space,  except  that  por- 
tion from  K  p  round  to  the  similar  line  on  the 
other  side,  will  be  filled  with  light  Hence 
light  wiU  freely  pass  through  the  atmosphere 
F  o  K,  which  is  Avithin  the  range  of  vision  of  the 
spectator  at  e.  If  this  atmosphere  allowed 
light  to  pass  freely  through  it,  these  rays  would 
not  reach  us:  but  it  possesses  the  property  of 
a  muTor,  reflecting  part  of  these  rays  back ;  and 
so  it  gives  us  partial  light  This  light  is  called 
tlie  dawn.  It  has  commenced  whenever  the 
lowest  ray  has  passed  into  the  space  f  d  ;  and 
terminates  as  soon  as  the  sim  has  risen  to  the 
line  F  D  or  its  production. 

Day.  Applied,  in  ordinary  language,  to  the 
period  of  light  from  its  appearance  to  its  dis- 
appearance. This  period  (see  Dawtt  and  Twi- 
light) is  somcAvhat  indefinite,  and  its  lengtli 
varies  in  different  seasons  of  the  year.  In  this 
sense  the  word  could  never  become  a  scientific 
term.  The  scientific  day  includes  the  night-time, 
and  consists  of  24  hours.  The  old  name,  whicli 
was  sjmonymous  with  it,  is  nydhemeron.  Ac- 
cording to  this  use,  we  have  what  is  called  the 
ti-ue  solar  day,  the  mean  solar  day,  and  the 
sidereal  day.  The  true  solar  day  is  the  interval 
which  elapses,  between  tAvo  successive  transits  of 
the  sun  over  the  same  meridian.  But  this  inter- 
val is  not  uniform  throughout  the  year.  Siippos- 
ing  a  watch  adjusted  to  keep  time  with  flic  sun, 
it  would  require  to  be  moved  forward  or  back- 
ward almost  every  week.  A  correct  watcli  goes  ; 
regularly, — but  the  sun  is  irregular  in  his  move-  ^ 
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;it  Hence  the  idea  of  a  mean  sohr  day. 
53  is  precisely  what  its  name  imports.  The 
ble  of  the  days  for  a  year  are  added  together; 
.  the  interval  between  the  first  and  the  last 
ish&va.  divided  by  their  number.  The  result 
hie  mean  solar  day.  The  correction  by  which 
I  true  solar  time  is  brought  to  mean  solar 
e  e  is  the  Equation  of  time.  See  Equation. 
This  correction  is  sufficient  for  most  physical 
piloses.  The  astronomical  or  sidereal  day  is 
siiined  othenvise.  This  sidereal  day  is  mea- 
Md  by  the  rotation  of  the  earth.  Our  globe 
rsres  round  an  axis ;  and  so  makes  all  objects 
hhout  and  beyond  it,  to  change  their  apparent 
ititions,  and  gradually  to  return  to  them.  But 
rotation  of  the  earth  is  always  accom- 
hhed  in  exactly  the  same  time ;  or  if  it  vary 
ilill,  it  has  been  proved  by  Laplace,  to  vary  so 
lae  as  to  be  altogether  insensible  during  the 
oble  duration  of  our  present  era.  The  period 
(this  diurnal  motion  may  be  taken,  therefore, 
inn  absolute  and  invariable  measure  of  time ; 

that  period,  or  the  sidereal  day,  is  the 
prval  between  two  successive  transits  or  cul- 
aations  of  a  fixed  star.  Now,  as  the  apparent 
ddon  of  the  sun  is  backward  among  the  stars, 
3  sidereal  day  must  be  shorter  than  the  mean 
inr  day;  and  if  the  sidereal  and  solar  day 
uiild  begin  together,  the  one  would  gain,  in 
J  year,  one  whole  day  upon  the  other. — Taking 
tmean  solar  day  as  the  standard,  the  length  of 
ssidereal  day  is  23  hours,  .56  minutes,  4-092 
B>nds.  This  period  is  divided  into  24,  giving 
ureal  hours;  then,  subdivided  into  60,  and  that 
iiiii  into  60,  giving  sidereal  minutes  and 
irnds.  They  will  all  be  shorter  than  the 
ua.  solar  hours,  minutes,  and  seconds,  in  the 
ptportion  of  24  hours  to  23li  56'  4-092"  (as 
mo  to  86,164-092).  Pendulums  are  readily 
■  itructed  of  such  a  length  as  to  beat  sidereal, 
«ead  of  mean  solar  seconds;  and  those  of 
Konomical  cloclcs  are  so  constructed.  —  The 
L  solar  day  is  equivalent,  to  what  is  ordi- 
Kly  called  the  civil  day.  The  four  times  of 
dday's  commencement  which  have  been  in  use 
llifferent  times  are— mid-day  (period  of  tran- 
,  midnight  (time  of  equal  division  of  the 
rrval  of  transit),  sunrise,  and  sunset.  The 
TOylonians  used  to  commence  their  day  at  sun- 
,  and  reckoned  round  again  24  hours  to  the 
:  :t  sunrise.— The  Egyptians  began  their  day 
linidnight:  Hippocrates  introduced,  and  Coper- 
Kos  confirmed  the  use  of  this  in  astronomy, 
^-is  difficult,  however,  to  see  what  this  prac- 
!,  still  followed,  has  to  recommend  it.  There 
10  physical  event  coincident  with  the  com- 
eocement  so  made,  and  in  the  case  of  the 
iconomer  especially,  the  observations  he  makes, 
Jpg,  many  of  them,  in  the  night,  would  be  so 
>orded  as  occurring  on  different  days.  This 
•  es  rise  to  a  considerable  amount  of  trouble. 

observatories,  the  day  is  calculated  as  24 
Mrs,  and  not  as  two  periods  of  12  hours  each. 
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Thus,  \he  hour  before  its  commencement  is  the 
23d  of  the  preceding  day. — The  method  of  com-  ' 
mencing  the  day  at  noon  is,  of  course,  that  of 
ordinary  life. 

ScciinnI  Coinage. — Until  within  the  last 
sixty  or  eighty  years,  decimal  coinage  was  little 
known.  Almost  all  the  European  states  em- 
ployed sj'stems  of  coins  bearing  more  or  less 
analogy  to  our  own.  The  steps  from  one  coin 
of  account  to  the  next,  like  the  majority  of 
those  used  in  the  progression  of  weights  and 
measures,  were  made  by  numbers  apparently 
chosen  for  their  great  divisibilitj',  more  especially 
by  binary  factors.  The  favourite  numbers  were 
20,  12,  16,  8,  and  4;  there  was  one  example 
of  the  use  of  the  inconvenient  number  7,  and 
another  in  which  the  factor  3  was  employed. 
Thus  England  has  had  from  time  immemorial 
her  present  money  table  of  account.  In  France 
the  old  money  scale  was  12  deniers  =  1  sou, 
20  sous  =  1  livre,  which,  except  that  the  livre 
was  very  soon  depreciated  to  an  extremely 
low  value,  was  the  precise  counterpart  of  our 
pounds,  shillings,  and  pence.  Piedmont,  Sar- 
dmia,  Liguria,  Lombardy,  and  Tuscany,  had 
the  same  system,  the  names  of  the  coins  were 
changed  to  lira,  sol,  and  denier;  and  in  the  case 
of  Tuscany,  a  coin  of  7  lire,  called  a  scudi,  was 
added  at  the  top  of  the  scale.  In  Belgium,  several 
systems  of  account  existed,  bearing  a  more  or  less 
close  analogy  to  the  English  and  French  scales. 
There  was  the  Brabant  florin  of  20  sous,  each 
sou  being  12  deniers,  and  the  livre  tournois, 
which  was  divided  in  the  same  way.  Another 
scale  in  use  in  Belgium  was  16  deniers  =  1  sou, 
20  sous  =  1  florin.  A  fourth  was  3  mittes  =  1 
denier,  8  deniers  =  1  gros,  1 2  gros  =  1  schilling, 
20  schillings  =  1  livre  de  gros.  In  the  Nether- 
lands, 16  pennings  made  1  stiver,  and  20  stivers 
1  guilder.  In  the  systems  of  some  other 
countries,  the  prevalence  of  the  same  factors 
was  observable  in  a  greater  or  less  degree.  In 
Russia,  on  the  other  hand,  the  decimal,  or  rather 
centesimal,  scale  of  100  copecks  =  1  rouble,  has 
long  existed;  and  in  Portugal,  accounts  were 
kept  by  simply  stating  in  common  arithmetical 
notation  the  numbers  of  an  imaginary  minute 
coin,  called  a  rei,  contained  in  the  sum  to  be 
recorded,  the  term  milrei  being  used,  as  its  ety- 
mology imports,  to  denote  1,000  reis.  In  tlie 
actual  Portuguese  coins,  the  law  of  the  English 
and  French  coinages  is  traceable  in  a  modified 
shape.  The  modern  movement  in  favour  of 
decimal  coins  was  commenced  by  the  United 
States  of  America  immediately  after  the  declara- 
tion of  independence.  Their  previous  system  of 
account  had  been  identical  with  that  of  England, 
except  that  the  value  of  the  pound  had  been 
more  or  less  depreciated  in  almost  all  the  pro- 
vinces. The  coins  in  circulation  were  principally 
Spanish  dollars,  and  the  dollar  was  on  that 
account  selected  as  the  unit  of  the  new  coinage. 
It  was  divided  into  10  dimes,  the  dime  into  10 
73 
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cents,  and  the  cent  into  10  mils;  but  though  all 
these  coins  have  been  put  into  circulation,  dollars 
and  cents  alone  have  survived  as  instruments  of 
reckoning,  dimes  having  never  been  used  in 
accounts,  and  half-cents,  quarter-cents,  &c.,  hav- 
ing superseded  mils  in  the  reckoning  below  the 
cent.  The  French  Revolution  gave  the  next  im- 
pulse to  decimalization.  A  very  symmetrical 
system,  embracing  decimal  coins,  weights  and 
measures,  and  a  decimal  reckoning  of  time, 
starting  from  the  establishment  of  the  Republic 
as  its  epoch,  was  attempted  to  be  introduced,  with 
the  double  view  of  attaining  to  scientific  unifor- 
mity and  obliterating  the  landmarks  of  the  past. 
The  coinage  as  well  as  the  metrical  system  has 
proved  permanent.  The  transition  was  very 
simple.  The  franc  is  identical  with  the  average 
value  of  the  old  livre,  which  varied  somewhat  in 
different  provinces.  This  was  divided  into  ten 
decimes,  each  of  which  was  therefore  equal  to 
two  of  the  old  sous,  and  the  de'cime  was  again 
divided  into  ten  centimes,  or  hundredth  parts  of 
the  franc.  As  happened  in  the  case  of  the  dime 
of  the  United  States,  the  decime  has  been  found 
useless,  and  accounts  are  kept  simply  in  francs 
and  centimes.  The  example  of  France  was  fol- 
lowed (in  most  instances  by  compulsion,  but  in 
some  voluntarily')  by  many  surrounding  coun- 
tries, and  the  franc  and  centime  coinage,  or  some 
equivalent  system,  is  now  established  by  law  in 
Belgium,  Switzerland,  the  Netherlands,  and  a 
great  part  of  Italy.  The  influence  of  the  United 
States  has,  in  like  manner,  so  far  modified  the 
quasi-English  systfem  of  Canada,  that  the  pro- 
vincial legislature  has  legalized  the  dollar  and 
cent  reckoning  as  a  method  of  account. — The 
extent  to  which  the  legal  establishment  of  deci- 
mal coins  has  succeeded  in  different  countries  in 
extirpating  the  old  methods  of  account  was  very 
fully  investigated  by  the  Decimal  Coinage  Com- 
mission of  1856.  (See  Prelim.  Report  and  App., 
1857,  and  Final  Report  and  App.,  1859.)  The 
results  appear  to  be,  that  in  the  United  States, 
France,  and  some  other  countries,  the  new 
systems  have  become  firmly  established  in  com- 
mercial transactions.  Belgium  having  been 
compelled  to  adopt  the  French  notation  in  1803, 
repudiated  it  after  the  Peace  of  Paris,  and  re- 
adopted  it  in  1832;  but  the  change  has  not  yet 
become  radical  and  complete,  and  people  are  said 
still  to  be  obliged  to  use  tables  of  the  various 
monies,  past  and  present.  Comparatively  little 
impression  seems  to  have  been  made  in  any 
country  upon  the  habits  of  retail  traders.  In 
France,  where  the  experiment  has  been  most 
successful,  shopkeepers  speak  of  sous  in  preference 
to  centimes.  In  America,  retail  prices  are  more 
frequently  fixed  with  reference  to  the  old  pro- 
vincial shilling  and  pence  coinages,  which  have 
ceased  to  exist  for  upwards  of  sixty  years,  than 
in  terms  of  dollars  and  cents.  The  same  tenacily 
of  habit  has  been  shown  by  the  shopkeepers  and 
poorer  classes  in  other  countries,  long  after  dcci- 
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mal  accounts  have  become  universal  in  large 

transactions  The  project  of  introducing  decimal 

subdivision  into  the  coinage  and  general  metrical 
system  of  this  country  has  been  much  canvassed 
from  1815  to  the  present  time  (1859).  The  first 
official  step  in  this  direction  was  the  appointment, 
in  1816,  of  a  Commission  to  consider  the  advis- 
ability of  establishing  a  more  uniform  system  of 
weights  and  measures.  The  Commissioners  (Sir 
J.  Banks,  Sir  G.  Clerk,  Mr.  Gilbert,  Dr.  Wol- 
laston.  Dr.  Young,  and  Capt.  Kater)  reported 
that  a  duodecimal  scale  was  far  preferable  to  a 
decimal  one,  on  account  of  the  facihty  which  it 
afforded  for  expressing  such  quantities  as  a-third, 
a-fourth,  and  a-sixth  of  a  foot,  and  the  like,  and 
for  continual  halving  of  measures  of  quantity 
and  weight.  In  1824,  a  proposal  by  Sir  John 
Wrottesley  to  introduce  a  decimal  coinage  by 
reducing  the  farthing  from  to  xrjnr  * 
pound,  and  by  coining  double  shillings,  was  not 
verj'  favourably  received,  but  the  scheme  (now 
known  as  the  pound  and  mil  scheme)  has  since 
acquired  considerable  importance.  In  1838,  a 
Commission  (comprising  Mr.  Airy,  the  Astro- 
nomer -  Royal,  Mr.  Bailey,  Mr.  Drinkwater 
Bethune,  Sir  J.  Herschel,  Sir  J.  Shaw  Lefevre, 
Sir  J.  Lubbock,  Dr.  Peacock,  and  Mr.  Sheep- 
shanks) was  appointed  to  consider  the  best 
method  of  restoring  the  standards  of  weight  and 
measure  -which  had  been  destroyed  in  the  fire 
at  the  Houses  of  Parliament.  Their  report,  in 
1841,  gave  a  new  impetus  to  the  decimal  move- 
ment. Their  attention  was  drawn  to  the  subject 
by  the  consideration  of  the  best  method  of  sub- 
dividing the  units  of  weight  and  measure,  and 
they  recorded  a  very  decided  opinion  in  favour 
of  the  establishment  of  the  pound  and  mil  couiage 
as  a  preparatory  step  to  a  general  decimal  metri- 
cal scale  A  supplementary  Commission  on  the 

restoration  of  the  standards,  composed  of  many 
of  the  old  members,  with  the  addition  of  the 
Marquis  of  Northampton,  Lord  Rosse,  Lord 
Wrotteslej',  and  Professor  Miller,  reiterated  the 
recommendations  of  their  predecessors.  In  1847, 
the  first  positive  step  towards  decimals  was  taken 
in  the  House  of  Commons,  by  the  adoption  of 
Sir  John  Bowring's  proposal  to  coin  a  two- 
shilling  piece,  which  was  subsequently  acted  on 
by  the  issue  of  the  florin  now  in  circulatioa 
This  Avas  followed  by  tlie  appointment  of  a 
Committee  of  the  House  of  Commons  to 
consider  the  practicability  and  advantage  of 
adopting  a  decimal  system  of  coinage  The 
Committee  reported,  in  1853,  decidedly  in  fa- 
vour of  the  pound  and  mil  scheme,  but  the 
discussion  which  followed  brought  out  a  niunber 
of  rival  decimal  schemes,  and  exhibited  some 
advantages  of  the  existing  system,  which  bad 
not  been  brought  before  the  attention  of  the 
Committee.  In  1855,  however,  a  resolution  of 
the  House  of  Commons  was  passed  in  favour  ot 
the  further  extension  of  the  decimal  system;  bm 
before  taking  anv  final  step,  the  Government 
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rred  the  question  to  a  Commission,  composed 
Lord  Monteagle,  Lord  Overstone,  and  Mr. 
ubbard.     Much  additional  information  was 
^ected  by  the  Commission,  and  one  point  which 
.d  been  previousl}'  neglected,  was  made  the  sub- 
t  of  especial  investigation,  viz.,  the  compara- 
value  of  decimals  and  pounds,  shillings,  and 
,ce,  for  the  purposes  of  ordinary  retail  traffic, 
le  results  arrived  at  may  be  thus  summed  up : — 
As  to  account  keeping  and  paper  calculation. 
at  for  these  purposes  a  decimal  is  superior  to 
yy  non-decimal  coinage,  inasmuch  as  it  trans- 
.tes  all  money  calculations  from  compound  into 
inple  arithmetic.   But  it  appeared  that  in  some 
aurance  offices  a  system  of  decimal  calculation 
employed  in  conjunction  with  the  present 
age;  and  those  who  had  tried  this  method 
ted,  that  without  any  appreciable  difficulty, 
y  obtained  all  the  advantages  of  decimal 
Uculation,  and  that  decimal  coins  woidd  afibrd 
no  assistance  at  all.     II.  As  to  retail 
^jlffic  and  mental  calculation.    On  this  point 
*was  established,  that  decimals  are  of  much 
ts  service  in  mental  than  in  written  calcu- 
idons,  and  that  the  divisibility  of  12  and  20 
:  2,  3,  4,  and  6,  and  2,  4,  5,  and  10,  respec- 
eely,  greatly  facilitates  the  common  operations 
I  mental  arithmetic.    Having  regard  to  the 
anty  divisors  of  the  number  10,  the  Commis- 
oners  came  to  the  conclusion,  that  for  common 
ipp  reckonings,  most  of  which  were  worked  in 
!  5  head,  the  present  coinage  was  more  manage- 
We  than  the  pound  and  mil  system  would  be. 
[.[.  As  to  the  convenience  of  the  coins  of  the  two 
ktems,  the  advantage  was  ascertamed  to  be  on 
1.  side  of  pounds,  shillings,  and  pence.  The 
and  and  mil  notation  offered  no  commercial 
himum  comparable  with  the  penny,  and  the 
Bnt  of  sufficient  binary  factors  in  the  radix 
idered  the  adjustment  of  the  intermediate 
IS  impossible  without  introducing  inconvenient 
idos.    IV.  As  to  the  difficulties  of  transition. 
e  experience  of  foreign  countries  proved  the 
lireme  difficulty  of  uprooting  old  habits.  The 
I  (or  new  farthing)  of  the  proposed  decimal 
We  bemg  J^-  of  a  shilling,  and  our  farthing 
fcfoUowed  that  no  number  of  pence,  except 
Wtiples  of  sixpence,  could  be  exactly  trans- 
itd  into  equivalents  in  the  pound  and  mil 
Wem.  Thus  a  penny  toll  would  be  represented 
mils,  and  could  not  be  paid  in  the  new 
ma.  ^  These  and  other  difficulties  of  an  analo- 
18  kind,  arising  from  the  incommensurability 
fcthe  two  systems  of  coins,  were  considered  to 
iider  the  transition  (even  if  otherwise  desirable) 
«  extremely  hazardous  experiment.  Other 
'imal  schemes  were  found  to  be  free  from 
36  of  these  inconveniencies,  but  they  were  all 
3Cted  as  impracticable  on  account  of  the  aver- 
1  of  men  of  business  to  be  deprived  of  tlie 
aond  as  a  principal  coin  of  account.  The  report 
N-ordmgly  pronounces  against  any  attempt  to 
reduce  the  decimal  principle  into  the  coinage, 
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and  may  be  regarded  as  having  finally  esfablisliod 
the  intrmsic  superiority  of  the  English  comage 
to  any  decimal  or  non-decimal  system  which  has 
ever  been  founded  or  proposed. 

Declination  (of  a  Star).  The  angular  dis- 
tance between  any  star  and  the  pole,  is  called 
the  polar  distance  of  the  star.    The  complement 

of  this  is  the  declination,  as  we  term  it ;  

it  requires,  however,  to  be  corrected,  so  that  it 
may  become  the  same  as  we  should  have,  if 
looking  fi-om  the  centre  of  the  earth.  It  is 
almost  the  same,  and  the  difference  is  too  small 
to  be  sensible  in  the  case  of  the  stars.  It  is  not 
so  with  the  sun  and  planets.  The  decima- 
tion may  be  defined,  also,  as  that  part  of  a  great 
circle  passmg  through  the  star,  which  is  intercep- 
ted between  the  star  and  the  celestial  equator. 
Declination  and  right  ascension  ^re  the  usual 
data  for  fixing  the  place  of  a  star.  Circles  of 
declination  correspond  to  what  are  meridian  lines 
upon  the  terrestrial  globe — circles,  namely, 
described  through  the  pole  and  the  given  star. 
Parallels  of  declination  con-espond  to  parallels  of 
latitude,  being  smaller  circles,  parallel  to  the 
equator,  all  the  points  in  which  have  the  same 
declination. 

Declination  (of  the  Magnet)  is  the  angle 
which  the  vertical  plane  thi-ough  the  magnetic 
axis  of  a  magnetized  bar,  makes  with  the  plane 
of  the  meridian  of  a  place.    See  Magnetism. 

Decomposition  of  Forces.  See  Com- 
position. 

Decomposition  of  Matter,  is  a  term  em- 
ployed sometimes  to  denote  the  mere  mecha- 
nical separation  of  particles ;  as  in  a  rock  which 
crumbles  gradually  under  the  constant  action  of 
mechanical  forces.  Generally,  however,  the 
phrase  is  employed  in  a  different  and  indeed  op- 
posite sense,  to  signify  the  resolution  of  a  chemi- 
cal compound,  into  its  several  simple  elements. 
The  difference  between  this  and  the  former 
kmd  lies  in  this,  that  here  the  decomposed  par- 
ticles possess  properties  entirely  different  fi-om  the 
smallest  masses  of  the  original  whole ;  whereas 
in  the  former  case  the  decomposed  particles  are 
identical  in  nature  with  the  undecomposed  mass. 

Decussation.  Arrangement  of  bodies  in  the 
form  of  an  X-  In  optics  the  focus  of  a  lens, 
i.e.,  the  point  through  which  the  rays  collected 
by  the  lens  all  pass  is  called  the  jjoint  of  decus- 
sation.   The  phrase  is  little  used. 

Deferent.  An  ancient  astronomical  term. 
It  means  the  circle,  on  which  the  centre  of 
another  moves ;  wliilo  a  body  is  supposed  to  be 
passing  along  this  latter  itself.  A  planet  moving 
round  the  sun  as  its  centre,  wliicli  centre  again 
lias  a  similar  motion  in  space,  may  be  taken  as 
an  example.  The  sun  would  here  be  moving 
in  the  deferent.  The  term  belongs  to  the 
Ptolemaic  hypothesis,  and  originated  in  it. 

Dcileciioii.  A  term  om[)loyed  to  signify 
any  bending  of  a  body  from  the  position 
which  it  would   naturally  bo   expected  to 


occupj'.  Thiis,  we  talk  of  the  planets  being 
deflected  in  theiv  orbits,  wlien,  instead  of  obej'ing 
the  tangential  force,  they  move  in  elliptic  curves. 
It  is  used  also  in  regard  to  the  alteration  of  the 
true  course  of  ships  produced  by  currents  or 
wnds  acting  upon  them.  It  is  further  used  to 
signify  that  bending,  or  altering  of  direction,  to 
which  the  rays  of  light  are  subject,  which  is 
now  called  Diffraction  (^.w.) 

Degree:  as  an  angular  measure,  is  the 
90th  part  of  a  right  angle.  As  a  circular 
measiu-e,  it  is  the  arc  comprised  between  two 
radii  which  make  such  an  angle  between  them. 
Thus,  a  whole  circle  is  divided  into  360 
degrees.  Undoubtedly  the  origin  of  the  division 
is  to  be  found  in  the  approximation  to  360  days 
in  which  the  sun  performs  his  annual  circuit; — 
one  degree  of  the  ecliptic  being  tlms,  very  neai'ly, 
the  amount  of  the  sun's  diurnal  motion  among 
the  stars.  The  number  360,  thus  adopted,  is 
convenient  enough,  as  giving  a  veiy  large  num- 
ber of  sub-midtiples,  perhaps  larger  indeed  than 
any  similar  number.  Thus,  of  the  first  twelve 
natural  numbers,  only  7  and  11  are  not  sub- 
multiples  of  it. — ^Yet  it  is  one  of  those  cases 
where  the  decimal  system  might  be  introduced 
with  very  great  advantage.  Wallis,  Briggs, 
Newton,  and  a  great  many  of  the  continental 
philosophers,  have  suggested  and  enforced  this. 
The  French  have  actually  adopted  it.  The 
facility  with  which  decimal  subdivisions  can  be 
expressed  according  to  our  notation  is  so  great, 
that  it  is  not  to  be  exchanged  for  almost  any 
other  advantage.  —  The  method  adopted  in 
France  is  this—  the  right  angle  is  divided  into 
100,  and  therefore  the  circle  into  400  equal 
parts.  We  divide  om*  degrees,  next,  into  60ths, 
which  we  call  "  minutes,"  and  those  again  into 
GOths,  which  we  call  "seconds."  They  divide 
their  degrees  into  lOOths,  which  ai-e  minutes, 
and  these  into  lOOths  again,  which  are  seconds. 
—  In  reducing,  therefore,  angles  measured  in 
France  to  English,  we  must  multiply  the  num 


i)er  of  degi'ees  by  9,  and  divide  by  10 


or  simply  subtract  one  tenth  of  the  number. — "We 
will  multiply  the  number  of  minutes  by  6,  and 


divide  by  10 


(--) 
'  \lQOj 


to  get  the  proper  fraction 


of  a  degree,  which  would  be  the  value  of  the 
specified  quantitj',  if  the  degrees  were  the  same, 
and  then  multiply  by  9,  dividing  by  10,  to 
arrive  at  the  fraction  of  an  English  degree, 
similariy  with  the  seconds. — We  require  to 
remember,  then,  that  the  English  degree  is 

'  ^tbs  of  the  French  or  centesimal  degree— the 
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English  minute  ^^ths,  and  the  English  second 

1000 
324 

si)ectively 


•iTTT-  of  the  Frencli  mmuto  and  second  re- 
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Degree  of  Latiiiidc,  is  the  space,  along 
the  meridian,  through  which  an  observer  must 
jiass  in  order  to  alter  his  latitude  by  one  degree. 
That  is  (see  Latitude),  the  space  along  tlie 
meridian  through  which  he  must  pass,  in  order 
that  he  may  see  the  same  star,  one  degree  nearer 
to  or  farther  from,  the  zenith. — This  must  be 
found  by  actual  measurement.  Eratosthenes 
is  the  earliest  of  whose  measurement  we  find 
account.  Taking  a  degree  near  Alexandria, 
250  B.C.,  he  found  694^  stadia  as  the  probable 
length  (421,350  EngUsh  feet,  or  79f  EngUsh 
miles).  Ptolemy  found  it  59^  English  miles. 
Posidonius,  in  the  time  of  Pompeius  Magnus, 
found  68-95  as  the  length  of  the  degree.  This 
latter  observation  is  remarkablj-  accurate  for 
the  time;  but  the  state  of  observation  was 
such  then,  that  we  can  scarce  regard  it  as 
more  than  a  fortmiate  guess.  It  was  a  matter, 
however,  of  great  interest  scientifically  to  know 
the  length  of  the  degree,  and  after  the  French 
came  to  make  it  their  imit  of  measure,  as  in 
then-  metre  (l-10,000,000th  of  the  quarter 
circumfei-ence  of  the  earth)  it  became  of  great 
commercial  value  to  know  it  exactly.  Ob- 
servations were  accordingly  instituted  in  great 
numbers. — Those  -which  are  recorded  after  the 
commencement  of  last  century  may  be  relied 
upon  as  generally  correct.  Huj'ghens,  obser^dng 
considerable  discrepancies  in  the  length  of  de- 
grees obtained  at  different  places,  suggested  the 
idea  that  this,  and  the  alteration  of  length  of  the 
dm-ation  of  a  pendulum,  might  be  explained  by 
supposing  the  earth  similar  to  Jupiter,  which 
had  just  been  discovered  to  be  not  quite 
spherical.  The  amount  of  ellipticity  was  cal- 
culated by  Newton,  and  others;  and  is  con- 
sidered to'  be  about  l-300th  of  the  equatorial 

diameter  It  will  be  noticed,  from  any  table  of 

observations,  that  the  degrees  become  generally 
longer  towards  the  pole,  and  shorter  at  the  equa- 
tor. This  arises  from  the  bulging  out  of  the 
earth  at  the  equator,  and  its  flattening  at  the 
pole.  These  two  results  at  first  appear  contra- 
dictory. Cassiui  was  misled  in  his  first 
measurements  by  this.  He  found  that  his 
degrees  diminished  towards  the  poles  (in  all 
likelihood  from  errors  of  observarion),  and  he 
considered  this  residt  in  accordance  with  New- 
ton's theory  of  the  flattening  of  the  eai-th  at  that 
place.  His  mistake  being  pointed  out  to  him, 
lie  maintained  that  his  experiments  were  never- 
theless accurate;  and  that,  in  spite  of  gravity, 
the  earth  must  be  flat  at  the  equator,  and  elon- 
gated instead  of  flattened  at  the  poles.  His 
persistence  in  the  opinion  was  the  occasion  of 
two  expeditions  being  despatched  to  Lapland 
and  to  the  Equator;  wliich  established  the  general 
result  of  the  increase  of  length  in  the  degree, 
toward  the  poles. — If  wc  consider  in  what  man- 
ner the  number  of  degrees  of  latitude  over  wliicli 
one  advances  in  a  given  space,  is  measured,  we 
shall  avoid  Cassini's  mistake.    It  is  by  the 
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iggle  between  the  vertical  lines  at  the  two 
ices, — for  it  is  to  these  that  we  refer  the  star 
ich  we  observe.  If  we  notice,  for  example, 
t  a  star  that  was  in  latitude  45°  has  changed 
447°  10',  we  are  certain  that  we  have  passed 
2°  10'  of  latitude ;  and  as  both  measure- 
ints  refer  to  the  respective  vertical  lines,  we  in 
ct  measure  (heir  divergence.  If  now  we  take 
t  egg,  and  draw  perpendiculars  at  its  end,  and 
its  middle  to  the  surface — two  perpendiculars 
parate  by  half  an  inch  at  each  spot  will  meet 
mer  at  the  end  than  at  the  middle,  because 
3  curve  of  the  surface  is  greater  there.  Hence 
B  angle  contained  between  these  two  intersect- 
5  perpendiculars  will  be  greater  there;  and  as 
B  space  corresponding  to  it  at  the  surface  is 
B  same  in  the  two  cases,  the  space  correspond- 
»  to  equal  angles  between  the  intersecting  lines 
"1  be  less  at  the  end— that  is,  at  the  elongated 
■t.  Now  this  part  corresponds  to  the  equa- 
il,  and  the  middle  of  the  egg  to  the  polar 
l^ons;  and  the  lines  of  the  perpendiculars  are 
le  lines  of  verticals  at  the  spots;  wherefore 
B  length  of  a  degree  will  be  less  at  the  equator 
lan  at  the  poles, — increasing  from  the  equator 

I  the  poles,  through  the  intermediate  space. — 
ae  inequality  of  the  lengths  of  a  degree  is  thus, 
conce  a  proof  and  a  consequence  of  the  ellipti- 

II  figure  of  the  earth. 

ISegree  of  liongitndc,  is  the  space  be- 
'een  two  meridians  that  make  an  angle  of  1" 
the  poles,  measured  by  the  arc  of  a  circle, 
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0 

1 

2 

3 

4 

5 

6 

7 

8 

9 
10 
II 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 


Enjirlish 
Miles. 


69-07 
69  06 
6903 
68-97 
68-90 
68SI 
68-62 
68-48 
68-31 
68-15 
67-95 
67-73 
67-48 
67-21 
66  95 
66  65 
66-.')l 
65-98 
65-62 
65-24 

61-  84 
64-42 
63-97 
63-51 
63-03 

62-  53 
6-2-02 
6I-J8 
fiO-!).-t 
60-35 
59-75 


V>eg. 
Lat. 


31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
67 
58 
69 
60 


English 
Miles. 

59-13 
58-51 
57-87 
57-20 
56-51 
55-81 
55-10 
54-37 
53  62 
52-85 
5-2  07 
51-27 
50-46 
49-03 
48-78 
47  93 
47-06 
46-16 
45-26 

41-  35 
43-42 

42-  48 
41-.--3 
40-56 
39-58 
38-58 
37-58 
3(i-.')7 
35-51 
34-50 


Deg. 
hut. 


61 

62 
63 
61 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 


Ens-lisU 
Miles. 

33-45 
32-40 
31-33 
30-23 
29-15 
28  06 
26-96 
i;6  85 

21-  73 
23-60 

22-  47 
21-32 
20-17 
19-02 
17-86 

10-  70 
15-5-i 
14-35 
13-17 

11-  93 
10-79 

9-59 
8-41 
7-21 
6-  0 
4-81 
3-61 
241 
1-21 
0-00 


«allel  to  the  equator,  passing  between  them, 
t  w  always  proportional  to  the  cosine  of  the 
Tgle  of  latitude.    The  foregoing  table  of  the 
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lengths  of  a  degree  of  longitude,  is  calculated 
according  to  this  rule.  It  supposes  the  earth  to 
have  a  diameter  the  same  as  at  the  Equator ; 
where  the  length  of  a  degree  of  latitude  is 
assumed  to  be  G9J^  English  miles, — and  also 
that  the  earth  is  perfectly  spherical. 

I>cliqucsccnce.  A  bod}'  is  said  to  be 
delicjuescent  when  it  absorbs  aqueous  vapour 
from  the  air,  and  dissolves  in  it.  All  salts 
soluble  in  water  are  so  far  deliquescent.  The 
property  is  made  use  of  by  chemists  to  dry  gases 
which  contain  aqueous  vapour.  These  are 
passed  over  a  layer  of  deliquescents — such  as 
chloride  of  calcium. 

Dclphiuus  (the  Dolphhi).  One  of  the  old 
Greek  constellations.  It  succeeds  Aquila  in  the 
sky.  It  has  no  stars  larger  than  of  the  third 
magnitude.  Its  principal  cluster  of  stars  comes 
on  the  meridian,  about  a  quarter  of  an  hour  after 
the  chief  cluster  of  Aquila. 

Deneb.  An  old  Arabian  word  used  to  sig- 
nify the  tail.  It  is  employed  sometimes  to 
signify  the  place  of  a  star  in  a  constellation. 
Thus  Deneb  adige,  the  bright  star  in  the  swan's 
tail ;  Deneb  elect,  the  bright  star  in  the  lion's 
tail  (fi  Leonis).  The  name  is  now  almost  ap- 
propriated to  this  latter  star.  The  words 
are  Arabic. 

Dcusity.  The  density  of  a  body  is  the 
degree  of  closeness  between  its  particles.  The 
term  depends  upon  the  hjipothesis  that  the  ulti- 
mate particles  of  matter  have  a  weight,  and, 
therefore,  mass  proportional  to  their  bulk.  The 
hypothesis  may,  or  may  not  be  true.  It  is 
probably  not  to  be  depended  upon.  The  den- 
sity of  a  body  is  considered  to  be  the  proportion 
of  its  mass  to  its  bulk.  The  mass  is  considered 
to  be  the  space  which  the  really  solid  particles 
of  the  matter  of  a  body  occupy  together,  omitting 
aU  the  intermediate  spaces  by  which,  in  actual 
bodies,  these  are  separated.  If  the  particles  of 
the  mass  be  always  of  the  same  weight  for  their 
size,  we  may  measure  the  density,  or  closeness 
of  particles,  by  the  proportion  of  the  weight  to 
the  volume.  Whether  the  theory  be  correct  or 
not,  this  is  the  practical  method  used  to  deter- 
mine the  density.  It  coincides  with  the  specific 
gravity  of  a  body  (si-v.") 

Dcprvs^ioii,  Angle  of.  When  wc  look  at 
an  object  elevated  above  the  horizon,  the  angle 
which  the  line,  from  it  to  our  eye,  malces  with  the 
horizon,  is  called  the  angle  of  elevation.  This 
angle  is  just  that  made  by  that  line,  and  the 
line  in  which  a  vertical  plane  through  it  would 
cut  the  horizon.  If  now  we  draw  a  line  parallel 
to  this  latter  line,  the  angle  which  it  makes  with 
our  fii-st  line  of  direction  is  called  the  angle  of 
depression.  It  is  equal  to  the  angle  of  eleva- 
tion. It  is  the  depression  below  his  horizon 
at  which  a  spectator  at  the  object  would  see  the 
observer. 

Ucrirnfiona.     An  algebraic  term.  The 
nature  of  it  is  explained  imder  Calculds. 
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See  the  work  of  Arbogast. 

Detei-niiiiautB.    See  Polykome. 
l>eviaiion.  Angle  of.    See  Dioptrics. 
Deviation  of  the  Ijinc  of  the  Vertical. 

The  figure  of  the  earth  is  that  of  an  ellipsoid, 
flattened  at  the  poles.  It  is  very  nearly,  but  not 
quite,  circular.  Were  the  earth  composed  of 
homogeneous  matter,  the  law  of  attraction  which 
holds  between  all  substances  (of  the  inverse  square 
of  the  distances)  would  require  that  at  any  point 
of  the  surface,  a  body,  free  to  move  in  any  direc- 
tion, should  stretch  a  string  perpendicularly  to 
this  elliptical  surface.  The  irregularities  which 
present  themselves  in  hills  and  hollows  must  be 
considered  as  not  existing,  and  the  surface  which 
we  take  instead  of  the  actual  one  would  be  the 
level  at  which  the  sea  would  stand  if  it  could 
freely  interpenetrate  all  our  hills.  If  then  the 
earth  were  homogeneous,  or  if  it  were  made  up  of 
homogeneous  layers  all  similar  in  form  to  the 
outer  rim,  though  differing  in  physical  character, 
the  direction  of  a  plumb  line  would  be  perpendi- 
cular to  this  surface. — Now,  instead  of  this,  we 
discover  considerable  deviations  from  such  a  law. 
According  to  it,  the  degrees  of  latitude  would 
measure  more,  for  example,  as  we  proceed  from 
the  equatorial  to  the  polar  regions.  We  do  not 
find  this  imiformly  true.  No  doubt,  there  is  a 
general  tendency  to  this  augmentation;  but  in 
certain  cases  it  is  temporarily  disturbed,  and  that 
sometimes  over  a  very  large  extent  of  country. — 
We  have  supposed  that  the  earth  is  quite  ellipti- 
cal. May  not  the  error  of  this  supposition  be 
enough  to  account  for  the  deviations  of  which  we 
speak?  So  far  indeed  it  is.  A  vertical  line 
is  deflected  from  the  true  vertical  sensibly,  for  in- 
stance, by  the  near  presence  of  a  very  high  moun- 
tain, as  in  Maskelyne's  experiments  on  Schehal- 
lion.  But  it  has  been  found  that  although  this 
element  of  the  problem  be  taken  into  account,  it 
does  not  give  a  satisfactory  reason  for  all  the 
deviations.  They  sometimes  are  found  in  spots 
where  no  great  elevation  or  depression  of  the 
surface  is  perceptible.  There  has  not  yet  been 
offered  more  than  a  hypothetical  explanation. 
That,  however,  accords  so  remarkably  with  the 
facts  that  very  great  confidence  may  be  placed 
in  it.  It  consists  in  the  general  statement,  that 
the  earth  is  not  formed  of  homogeneous  matter. 
It  is  certainly  not  formed  of  homogeneous  layers. 
But,  although  we  could  only  be  warranted  in 
assuming  that  a  free  weight  will  hang  perpen- 
dicularly to  the  surface  in  those  cases ;  it  might 
still  happen  to  do  so,  although  the  mass  of  the 
earth  be  heterogeneous.  Geologists  assert,  how- 
ever, that  thev  can  point  out,  in  the  character  of 
the  soil,  and  the  nature  of  the  neighbouring  rocks, 
ji  sufficient  cause,  in  the  majority  of  cases,  for  the 
actual  deviations.  They  even  venture  to  predict 
from  this  deviation  that  the  earth  has,  in  some 
places,  had  its  crust  rent  by  certain  fissures,  which 
nevertheless  they  cannot  yet  reach,— and  to  tell 
us  the  direction  in  which  these  rents  have  been 
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made. — Whatever  be  the  explanation,  the  fact 
that  the  i)lumb  line  deviates  from  the  true  perpen- 
dicular cannot  be  questioned.  Verj'  careful  as- 
tronomical, and  very  expensive  geodetical  experi- 
ments are,  however,  necessary,  before  this  devia- 
tion becomes  sensible  to  obser\'ation. 

Dew.  There  is,  perhaps,  no  phenomenon 
recurruig  so  frequently,  and  so  manifest  in  its 
effects,  that  waited  so  long  for  a  satisfactory 
explanation  as  this.  —  Before  stating  that 
explanation,  we  shall  require  to  have,  clearly 
before  us,  the  various  phenomena  of  dew,  that 
we  may  understand  the  problem,  and  verify 
its  solution.  It  will  be  interesdng  to  trace  in 
history  the  successive  observations  of  these  phe- 
nomena, and  watch  the  theories  to  which  each 
new  observation  gave  rise. — The  first,  noted 
extensively,  was  the  fact  that  dew  falls  almost 
solely  on  nights  when  the  skies  are  cloudless, 
and  the  atmosphere  at  a  low  temperature.  This 
coldness  was  found  always  to  obtain,  when  dew 
had  fallen.  In  point  of  fact,  it  is  now  found  that 
the  temperature  must  be  considerably  lower  in  a 
night  when  dew  is  formed,  than  it  has  been  through 
the  previous  day ;  but  this  was  not  the  form  in 
which  the  statement  was  at  first  put.  If  we' 
had  a  temperature  of  120°  Fahr.  through  the  day, 
dew  might,  readily  enough,  be  obtained  at  tem- 
peratures which  we  should  call  hot  (60°  or  70° 
Fahr.)  These  circumstances  did  not  trouble  the 
observers, — and  they  noted  correctly  that  cold 
was  necessary  to  the  formation  of  dew.  They 
found,  however,  almost  simultaneously,  that  the 
sky  required  to  be  whoUy,  or  in  a  great  measure 
cloudless,  and  that  either  the  stars  or  the  moon 
must  be  distinctly  visible.  They  conceived, 
then,  that  m  the  latter  phenomenon  the  real 
cause  was  to  be  detected,  and  that  the  cold  and 
the  dew  were  concomitant  effects.  They  sup- 
posed that  the  stars  and  the  moon  shed  down 
a  cold,  and  therefore,  a  humifying  influence. 
They  faather  conceived  this  confirmed  on  ob- 
serving that  more  dew  falls  at  full  moon 
than  at  any  other  time  (which  fact,  by  the 
way,  they  could  not  have  observed  properly); 
and  they  joined  to  tliis,  their  own  crude  notion 
that  there  is  a  peculiar  chill  in  the  lunar  raj-s. 
Some  transcendental  ideas  about  the  celestial 
piu-ity  of  this  stellar  and  lunar  rain,  completed 
the  most  ancient  theory  of  dew. — It  is  worth 
while  to  point  out  how  plausible  this  method  of 
philosophizing  at  first  sight  may  seem,  and  to 
warn  the  reader  against  similar  attempts  to  ex- 
plain phenomena.  The  ancients  started  wtU 
two  facts,  sufficiently  observed,  to  be  perfectly 
trustworthy.  But,  "at  that  point,  observation 
ceased.  They  raised  hypotheses  to  account  for 
the  phenomena;  but  never  thought  of  iuquhing 
whether,  though  the  explanation  might  ser\-e, 
if  these  hypotheses  were  true,  such  were  really 
to  be  found  in  rerinn  notura.  They  met  with 
tlie  success  with  which  similar  attempts— except 
in  a  very  few,  very  rare  instances— are  sure  to 
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leet    The  philosopher,  if  he  wishes  to  arrive  at 
i<^,  must  always  fall  back  upon  Newton's 
lodest  motto,  "  Hypotheses  non  lingo." — Hence 
lew  was  conceived  to  fall  from  the  sity;  and  the 
origin  of  that  expression  (found  in  all  known 
BUiguages)  is  to  be  sought  in  tliis  plausible 
"^heory.  Aristotle  first  called  attention  to  the  real 
lount  of  accurate  Icnowledge  upon  the  point, 
id  added  two  new  facts,  viz.:  that  dew  is  never 
)rmed  in  windy  weather,  or  on  the  summits  of 
lountams.    Both  observations  are  to  be  taken 
rizitiiin  a  limit.  Dew  is  not  formed  by  any  means 
J  readily  under  either  of  these  circumstances. 
t  is  wrong  to  say  that  it  is  never  found.  These 
Ujservations,  however,  were  very  valuable;  and 
tae  use  which  Aristotle  made  of  them  was  remark- 
bble.  _  His  theory,  forms  an  illustration,  almost 
J  strikmg  as  the  former,  of  the  manner  in  which 
urefully   registered    observations,  cautiously 
■asoned  upon,  wiU  lead  us  to  new  truths.  He 
anjectured  that  dew  was  merely  a  discharge  of 
^pour  from  the  atmosphere.  Vapoiu-  was  water 
idngled  with  heat,  which  rose  during  the  day 
■me,  or  so  long  as  it  could  obtain  heat.  Vapour,  he 
lagines,  will  never  rise  high  in  the  atmosphere, 
ccause  it  must  lose  its  buoyant  heat;  conceiving 
*iat  to  be  some  thin  fluid  which  might  become 
tjtached.    Hence  dew  is  most  copious  on  low 
iiing  ground.  Moreover,  if  vapour  did  rise  high, 
ee  agitation  of  the  upper  air  would  dissipate  it. 
nrrying  out  this  idea,  wind  dissipates  the  va- 
Bur;  on  windy  nights,  therefore,  dew  will  not 
formed.    The  sun  then,  and  not  the  moon 
» stars,  is  the  cause  of  dew,  because  through  its 
■at  vapour  is  produced,  and  in  its  absence  the 
ad  comes. — This  theory  is,  for  that  age,  a  most 
■markable  approximation.   It  still  deals  slightly 
1  hypotheses;  but  every  hypothesis,  right  or 
«fong,  originates  in  some  fact  which  renders 
pprobable.    Considering  the  uncertain  state  of 
3  science  of  heat  (reduced  only  in  this  century 
i-a  branch  of  mathematical  physics) ;  and  the 
Ter  ignorance  then  prevalent  concerning  the 
kde  of  formation  and  the  eliaracter  of  vapours ; 
n  result  more  close  to  the  truth  has  probably  ever 
^  reached  upon  such  a  subject.— Aristotle's 
fry  was,  however,  not  appreciated  in  his  own 
nor  by  his  successors  among  the  Greeks  and 
lans.    The  notion  of  the  influence  of  moon 
I  i  stars  was  too  beautiful  for  a  Greek  to  give 
and  the  Romans  could  not  do  better  than 
ow  tlie  exami)le  of  their  masters.    In  the 
ages,  physical  inquiries  were  not  favourably 
•wed,  and  even  tlie  schoolmen  did  not  venture 
V^support  iVristotle's  theory.    The  domain  of 
physical  sciences  was  given  over  to  the  al- 
misls,  and  they  could  not,  on  any  account,  fail 
support  the  claims  of  the  moon  and  stars, 
iaptista  Porta  rejected  that  part  of  Aristotle's 
ory  m  which  lies  its  chief  mcrit-the  attri- 
lon  of  dew  to  condensed  vapour-and  tried 
show  that  the  air  itself  was  condensed.  He 
•aded  his  conclusion  on  the  existence  of  mois- 
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ture,  and  sometimes  hoar  frost,  due  to  the  con- 
gelation of  what  had  been  moisture,  on  the 
inside  of  a  glass  pane.    This  observation  justi- 
fied him,  indeed,  in  rejecting  the  theory  of  tJie 
celestial  influences.    A  similar  conclusion  was 
deduced  from  this  other  fact,  that  a  bell  glass 
placed  over  a  plant  to  cover  it  from  the  frost, 
was  copiously  covered  with  dew  in  the  inside, 
while  very  little  appeared  on  the  outside.  The 
same  conclusion  was  mferred  from  the  circum- 
stance, that  plates  of  copper  exposed  during  the 
night  have  only  their  under  smfaces  bedewed. 
— These  facts  served  to  explode  completely  the 
hypothesis  of  stellar  influence :  but  a  new  one 
began  to  rise  into  notice.     It  was  this, — the 
moisture  with  which  bodies  are  bedewed,  comes 
from  the  earth,  and  very  copiously  from  plants ; 
both  which,  under  the  influence  of  cold,  exhale 
their  moisture.    Experiments  were  instituted  as 
to  the  quantities  of  dew,  obtained  at  diflferent 
heights  from  the  ground ;  and  the  result,  with 
some  variations  certainly,  seemed  to  show,  that, 
—as  might  have  been  expected  from  this  suppo- 
sition— it  forms  more  copiously  at  the  surface  of 
the  earth  than  higher  up  in  the  air.    In  pursu- 
ing experiments  tending  fui-ther  to  establish  this 
point,  Muschenbroek  stumbled  upon  a  new  phe- 
nomenon, hitherto  quite  unsuspected— that  dew 
forms  more  copiously,  upon  some  substances 
than  upon  others,  placed  in  the  same  circum- 
stances as  to  position  and  temperature  of  the 
surroundmg  ah.    He  discovered,  moreover,  that 
it  is  formed,  when  it  was  very  improbable  that 
it  could  have  risen  from  the  ground. — It  was 
now,  therefore,  held  that  dew  does  not  fall  from 
the  sky ;  nor  was  it,  at  aU  events,  necessary  to 
its  formation,  that  it  should  rise  from  the  ground ; 
and  the  readiest  explanation  which  offered  itself, 
was,  that  Aristotle's  theory  had  been,  after  all, 
the  true  one,  and  that  dew  is  produced  by  the 
condensation  of  vapour,  held,  as  it  were,  in  solu- 
tion, by  the  air.    Accorduig  to  this  theory, 
moreover,  phenomena,  which,  on  close  examina- 
tion, one  can  see  no  reason  for  distinguishing 
from  the  formation  of  dew,  received  a  natural 
explanation.    "When  a  mild  spring  comes  after 
a  severe  winter,  secluded  passages,  vaults,  and 
other  places  concealed  from  the  direct  influence 
of  the  sun,  and  to  which  heat  is  very  slowly 
conducted,  become  damp,  and  sometimes  drip- 
ping with  moisture — If,  therefore,  this  theorv 
be  correct,  a  deposition  of  dew  will  be  obtained 
wlien  we  expose  a  very  cold  substance  to  the 
air  of  an  ordinai-y  room  at  any  time.    This  test- 
ing experiment  was  tried,  and  succeeded  admir- 
ably.   Tluis,  if  we  have  a  tube  witli  two  pendu- 
lous bulbs  at  the  end  of  it,  in  one  of  wliich  is 
water  as  cold  as  we  can  obtain  it,  and  around 
the  other  a  cloth  wrapped,  wliich  is  moistened 
with  a  little  etlior,  dew  will  be  found  upon  the 
first  bulb.    The  etlier  evaporates,  and  as  heat  is 
required  to  convert  liquids  into  gases,  it  must 
liavo  heat  from  some  quarter.    This  it  ea'^ilv 
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procures  from  the  water,  which  is  cooled  con- 
siderably, and  on  the  outside  of  the  bulb  con- 
taining it  dew  is  deposited.    The  phenomenon 
•will  be  more  evident  if  the  latter  bulb  be 
blackened.  —  Philosophers  now  perceived  that 
they  were  upon  the  point  of  discovering  some- 
thing, which,  whether  or  not  it  might  give  a 
perfect  explanation  of  the  whole  phenomena, 
would,  at  all  events,  cast  considerable  light  on 
them.  Several  observers,  therefore,  gave  great  at- 
tention to  the  subject,  and  published  very  valu- 
able experimental  results.  Prevost  of  Geneva,  Six 
of  Canterbury,  and  Leslie  of  Edinburgh,  espe- 
cially distinguished  themselves.    Their  observa- 
tions went,  chiefly,  to  render  indisputable  the 
general  truth  of  the  observations  already  re- 
corded— such  as  the  invariable  relative  coldness 
of  the  body  upon  which  dew  forms ;  the  progres- 
sive diminution  in  its  amount,  according  as  the 
bedewed  substance  is  more  and  more  removed 
from  the  earth's  surface;  and  the  effect  which 
different  substances  exercise  in  modifying  the 
quantities. — The  next,  and  most  important  con- 
tribution was  made  by  Dr.  Wells,  whose  experi- 
ments, though  perhaps  not  conducted  with  the 
greatest  accuracy  possible,  nevertheless,  were  of 
the  highest  importance  in  establishing  the  theory 
of  the  subject.    The  essay  which  he  published 
upon  it,  takes  ranlc  with  the  finest  models  of 
experimental  inquiiy  after  truth.     His  chief 
observations  were,  that  the  coldness  of  the  sur- 
face bedewed,  always  precedes  the  formation  of 
the  moisture,  and  is  not  a  consequence  of  it; 
and  that  dew  is  always  most  abundant  when 
the  air  contains  most  vapour  of  water — other 
circumstances  remaining  the  same. — Having 
thus  reviewed  the  successive  theories  of  dew, 
and  seen  by  what  prominent  characteristics  the 
phenomenon  is  distinguished,  we  now  proceed 
to  explain  the  theory  at  present  universally 
admitted. — Water  is  found  in  the  gaseous  as  in 
the  liquid  state.    It  is  gaseous  as  steam,  and  as 
those  vapours  which,  in  a  hot  day,  we  see  ris- 
ing from  rivers,  or  from  a  field  on  which  rain 
has  just  fallen.    In  the  atmosphere,  therefore, 
two  gases — dry  air,  and  this  aqueous  vapour, 
exist  together  unmixed.    According  to  Dalton's 
Law  tliey  ultimately  each  expand,  occupying 
the  same  space  as  if  the  other  did  not  exist ;  and 
there  will  always  be  a  perfect  intermixture  if 
sufficient  time  be  allowed.    The  first  effect  of 
this  must  be,  to  remove  or  carry  up  the  aqueous 
vapour  from  the  surface  of  all  water.  Now, 
it  has  been  found  that,  at  any  temperature, 
water  will  evaporate  entirely  under  whatever 
gaseous  pressure,  if  means  be  provided  for  the 
removal  of  the  aqueous  vapour  as  it  forms. 
If  it  be  kept  in  a  closed  vessel,  the  stopper, 
even  although  not  very  close  fitting,  prevents 
that  vapour  from  free  passage  into  the  atmo 
sphere;   and  the  aqueous  vapour,  therefore, 
which  the  water  gives  off,  not  being  allowed 
to  dissipate,  forms  a  perfect  burner  agamst 
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further  evaporation.     In  a  space  filled  with 
water  and  with  air  at  a  certain  temperature,  the 
water  will  evaporate  to  a  certain  extent,  corres- 
ponding to  the  temperature ;  and  if  the  vapour 
be  kept  from  dissipating,  it  forms  then  a  perfect 
cover  against  further  volatilizing.    But,  in  free 
space,  unless  there  be  an  atmosphere  already 
quite  filled — to  an  extent  corresponding  to  its  tem- 
perature— with  vapour,  it  will  dissijiate,  accord- 
ing to  the  universal  law  of  the  dissipation  of 
gases,  into  the  higher  atmosphere,  where  piere 
is  less  vapour.    The  bar  to  further  evaporation 
is  then  removed,  and  it  continues  until  the 
adjacent  space  be  saturated  as  far  as  its  temper- 
ature will  permit;  it  then  ceases  until  the 
vapour  shall  have  again  partly  disappeared,  and 
so  permits  the  formation  of  more.    Air,  at  any 
temperature,  will  contain  only  so  much  of  vapour 
of  water — a  fixed  amount  for  each  temperature. 
This  amount  increases  with  the  temperature,  and 
in  an  increasing  ratio. — Suppose,  now,  that  this 
process  goes  on  for  some  time,  say  through  a 
summer's  day,  when,  as  the  temperature  of  the 
strata  of  air  near  the  surface  wiU  be  70°  or  80° 
Fahr.  it  will  have  a  very  great  capacity  for 
vapour  of  water.     Evaporation  will  go  on 
rapidly,  as  on  a  hot  day  we  see  that  it  does,  and 
the  atmosphere  becomes  filled  Avith  a  very  con- 
siderable amount  of  water  in  this  state.  Now, 
if  any  great  cooling  of  the  atmosphere  takes 
place,  it  gets  to  be  no  longer  capable  of  containing 
the  same  amount  of  vapour  of  water.    If,  for 
example,  in  the  day  we  have  chosen,  as  much 
vapom-  have  passed  into  the  air  as  would  have 
saturated  ah-  at  60°  Fahr.  and  if  the  au-  at  night 
cool  down  to  40°  Fahr.  there  is  a  considerable 
quantity  of  vapour  which  the  air  at  this  temper- 
ature cannot  hold.    This  excess  is  condensed 
and  deposited  in  the  form  of  dew. — So  far,  this 
is  precisely  Aristotle's  theory,  with  some  more 
definite  understanding  of  the  cause  of  the  con- 
densation, and  of  the  other  results  by  which 
it  is  preceded ;  but  there  is  yet  one  point  re- 
quiring explanation,  and  that  is,  the  method  in 
which  the  cold  is  produced.    The  mere  absence 
of  the  sun,  one  cannot  expect  to  produce  cold. 
That  causes  a  cessation  of  the  increase  of  heat 
which  had  been  going  on.    During  the  presence 
of  the  sun,  in  the  afternoon,  and  at  sunset, 
indeed,  there  is  this  diminution  of  temperature 
while  the  sui^is  present.    The  theory  of  r.ndiant 
heat  which  |^  Prevost  started,  and  which  is 
now  so  conclusively  established,  gives  a  full  ex- 
planation of  the  phenomenon ;  and  for  the  first 
statement  of  that  explanation  we  are  indebted  to 
Dr.  AN' ells.— During  the  day  time,  heat  is  trans- 
mitted from  the  sun  to  the  earth.    "VA'hcrcver  we 
have  two  bodies  of  difl'crent  temperatures,  tliere 
is  a  radiation  of  heat  from  the  hotter  to  the 
colder.     Now,  the  sun  is  a  body  at  a  vcrj' 
high  temperature^  and  the  earth  at  a  moderate 
heat.    During  the  day,  then,  those  parts  of  the 
earth  to  which  it  is  day,  being  exposed  to  the 
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Itm,  absorb  quantities  of  radiant  heat.    The  air 
dalso  absorbs  it.    It  also  is  a  bod\'  exposed  to 
dthe  sun ;  though  one  which  botli  radiates,  and 
bbsorbs  much  slower  than  the  earth.  Hence 
lit  also  is  heated  during  the  day  time.  Accord- 
ing to  this  statement  of  the  case,  however, 
Ithe  upper  air  would  have  the  highest  temper- 
Iture.    Two  circumstances  prevent  this.  The 
'eiy  rarity  of  the  upper  air— the  property  in 
rtrhich  it  is  lilcest  heated  air — prevents  it  from 
meeting  by  radiation.    It  absorbs  less  rapidly 
khe  heat  from  the  sun.    The  earth  absorbs  that, 
■nost  rapidly  of  all,  and  as  the  air  can  conduct 
leat,  it  gives  a  portion  of  its  heat  to  the  stratum 
laying  upon  it.    That  stratum  becoming  heated, 
iases,  and  a  new  stratum  is  deposited  to  be  again 
meated,  and  again  to  lise.     There  is  thus  a 
oblerable  uniformity  of  temperature  produced 
lear  the  surface — Next,  we  have,  on  a  clear 
ipght  the  earth  laid  open  to  the  stars  and  to  the 
interstellar  spaces.    We  do  not,  by  any  means 
mow  the  temperature  of  the  first,  but  "they  are 
JOG  far  away,  for  their  radiant  heat,  any  more 
Uian  their  light,  to  be  able  to  exercise  considerable 
Kfect  on  us.   The  earth,  then,  and  the  interstellar 
(|)aces  are  exposed,  one  to  the  other.    Now,  we 
Know  that  the  temperature  of  the  latter  is  at 
•ast  100°  Fahr.  below  zero,  while  the  surface 
ff  the  earth,  having  just  absorbed  an  amount  of 
Adiant  heat  from  the  sun,  is  perhaps  50°  or  60° 
llahr.  above  it.     Radiation  commences  imme- 
liiately,  and  if  uninterrupted,  would  continue 
mtil  the  temperatures  were  equalized.  The 
Hfect  of  this  radiation,  while  it  lasts,  is  to  lower 
Me  temperature  very  materially  at  the  earth's 
nrface.    Let  us  consider  the  state  of  the  air 
inring  this  period.    It  is  not  affected  by  the 
nansmission  of  the  radiant  heat  from  the  earth 
Ihtwards,  to  space:  but  it  serves  itself  to  radiate 
■me  heat  away.    It  does  this  so  slowlv,  how- 
'BT,  that  the  effect  in  cooling  it  from  this  cause, 
ce  the  heating  effect  from  the  same,  during  the 
my,  is  comparatively  insignificant.    Now,  as 
len,  the  chief  effect  is  produced  by  the  conduc- 
■n  of  heat  from  the  air  to  the  ground.  Bv 
I,  however,  the  stratum  of  air  next  the  ground 
e  cooled,  and  it  does  not  rise  to  give  place  to 
Mother.    The  cooling  process  goes  on,  therefore, 
tttd  the  stratum  is  equal  in  temperature  to  the 
HOund,  or  rather,  its  temperature  continues  to 
Miunish  indefinitely,  along  with  that  of  the 
iwand.    Now,  during  the  day,  vapour  lias  been 
Wectmg  m  this  stratum,  perhaps  not  quite  up 
Its  saturated  point,  but  generally  verj-  near 
«at.   Hence,  when  this  cooling  lowers  the  tem- 
watnre,  the  air  is  no  longer  able  to  retain  its 
'v.pour;  and  moisture  is  detached  and  deposited 
T",  ^  conduction,  the  air  above  also 
.■ols,  and  dew  gradually  separates  from  it.  As 

MZT'%'^T:^u''"'^y  ^""^'"^ts  heat  across 
except  when  the  heat  puts  the  heated  air  in  mo- 
-n  (see  Convection),  this  process  is  verv  slow, 
•enceveryhttle  moisture  is  detached  from  the 
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upper  portion  of  the  atmosphere.  But,  it  mav 
be  asked,  does  not  dew  deposit  upon  bodies  at 

considerable  elevations  from  the  earth's  surface  

elevations  that  are  yet  such,  that  if  dew  fell 
from  tiiem  on  the  earth,  there  would  be  a  shower 
of  dew?    In  answer,  let  it  be  noted,  in  the 
first  place,  that  the  layer  of  air  in  immediate 
contact  with  the  earth  does  not  remain  constantlv 
so,  through  the  night,  in  virtue  of  its  superior 
heaviness.    It  is  well  known  that  when  vapour 
is  formed  from  water,  a  considerable  quantity  of 
heat  becomes  latent;  and  when,  on  the  other 
hand,  condensation  takes  place,  heat  is  evolved. 
When,  therefore,  dew  begins  to  separate  from 
the  bottom  layer,  it  receives  a  sudden  accession  of 
heat  from  the  condensed  vapoiu-,  which  lightens 
it,  and  carries  it  upward.    Thus,  a  new  layer, 
more  saturated  with  vapour  than  the  former  one, 
after  its  loss,  descends  by  the  superior  weight 
due  to  its  lower  temperature,  and  takes  its  place. 
Therefore,  there  is  no  necessity  for  a.  fall  of  dew 
in  any  case.    Yet  dew  seems  to  separate,  never- 
theless at  considerable  elevations,  though  less 
copiously  than  at  the  surface.    It  only  separates, 
however,  when  a  body  which  radiates  heat  well 
is  placed  at  these  heights,  and  the  quantity  in 
which  it  separates  depends  upon  this  faculty  of 
the  body.    This  explains  Muschenbroek's  obser- 
vation of  the  different  capacities  of  different 
substances  for  dew.    A  good  radiator  becomes 
rapidly  cold,  and  dew  is  rapidly  formed  on  its 
surface;  while  a  bad  radiator  in  the  immediate 
neighbourhood  remains  unaffected.    Thus,  a  slip 
of  tin  foil  pasted  upon  a  sheet  of  glass,  will 
remain  perfectly  dry  while  the  rest  of  the  glass 
is  profusely  covered  with  dew.    This  property 
may  be  strikingly  shown  by  experiix>ents,  which, 
founding  upon  it,  describe  figures  and  letters  in 
dew,  on  plates  on  which  glass  and  tin  foil 
have  been  suitably  arranged.  The  exquisite  little 
figures  made  by  dew,  and  especially  by  hoar 
frost,  on  window  panes,  depend  upon  this  prin- 
ciple.   The  glass,  from  various  causes,  does  not 
radiate  uniformly.— According  to  this  property, 
therefore,  no  dew  separates  in  free  air,  at  any 
considerable  elevations — unless  a  very  good 
radiator  have  been  placed  there.— It  still  remains 
to  be  explained  why,  in  this  last  named  case, 
dew  is  never  formed  so  copiously  as  at  the  earth's 
surface.  This  partly  arises  from  convection  of  air. 
If  we  place  a  body  which  can  become  cold  by 
radiation,  at  a  considerable  height,  it  renders  the 
layer  of  air  in  immediate  contact  with  it  also 
cold,  and  so,  heavier  than  the  air  between  the 
earth  and  it,  which  is  but  little  cooled  by  radia- 
tion, and,  if  at  some  height  from  the  earth,  not 
very  much  by  conduction.    This  air,  therefore, 
falls,  and  as  at  the  side,  it  is  unsupported,  it  fall.s 
av'ay  from  the  cold  plate,  leaving  warmer  and 
lighter  air  pressing  up  to  supply  its  place.  If 
indeed  the  plate  be  perfectly  horizontal,  the  air 
at  the  surface  of  it  would  remain,  and  dew  would 
be  produced  j  but  it  is  not  easy  to  adjust  it  so 
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and  the  least  inclination  will  allow  the  heavy 
uir  to  fall  away,  and  prevent  dew  from  being 
formed  in  considerable  quantities,  if  at  all. 
Hence  dew  will  more  copiously  form  at  the  bot- 
tom of  n  vessel  so  situate  than  in  any  other  posi- 
tion.   Besides  this,  however,  there  is,  generally 
speaking,  not  so  much  vapour  of  water  present 
in  such  a  case.  The  vapour  which  has  risen  through 
the  daj',  requires  time  to  interpenetrate  the  air. 
If  time  be  given,  Dalton's  law  will  be  completely 
fulfilled ;  but  it  is  not  given,  in  the  course  of  a 
(lay,  when  new  disturbance  is  added,  every 
minute,  by  new  vapour  forming  at  the  surface. 
Hence  at  certain  heights  there  is  less  moisture 
present  in  the  air  than  at  the  surface;  and  so  the 
radiating  body  must  be  cooled  lower  still,  before 
dew  is  formed.    Dew  will  therefore  commence  to 
foiTii  later  in  the  upper  air,  from  convection, 
and  the  lesser  supply  of  aqueous  vapour;  and 
the  same  causes  will  evidently  cause  less  of  it  to 
be  formed  there,  in  the  most  favourable  case,  than 
at  the  ground. — Two  other  phenomena  noted 
in  our  historical  sketch  are  explained  in  the 
same  way.     Dew  is  more  copiously  formed 
on  the  inside  of  a  bell  glass  than  on  the  outside, 
and  on  the  lower  side  of  a  copper  plate,  held  at 
a  moderate  distance  from  the  earth.  In  both  cases 
convection  prevents  a  copious  deposit  on  the  upper 
surface; — and,  in  both  instances,  the  interval 
between  the  ground  and  the  plates  is  small 
enough  for  the  whole  air  included  in  that  inter- 
val to  be  cooled  below  the  point  of  saturation ; 
and  therefore  for  dew  to  be  formed  even  at  its 
loftiest  places.     This  is  accomplished  chiefly 
through  that  conducting  power  of  the  copper 
or  glass,   -which  takes  the  supplies   of  heat 
they  continue  to   dissipate,  from  their  whole 
mass,  lower  as  well  as  upper.    This  must  draw 
its  supplies,  in  turn,  from  the  air  which  must 
constantly  descend  as  it  cools,  until  all  of  it 
lias  passed  the  point  of  saturation  (dew  point). 
— When  the  cooling  goes  on  rapidly,  the  vapour 
deposited  on  dew,  finally  solidifies  into  hoarfrost. 
The  two  phenomena  rest  upon  the  same  prin- 
ciples, for  their  explanation.  While  dew  is  bene- 
ficial to  plants,  hoar  frost  is  eminently  destruc- 
tive.   Hence  gardeners  seek  to  prevent  such  a 
refrigeration,  as  would  cause  hoar  fi-ost.  Their 
method  is  very  simple.  They  spread  mattings  over 
their  plants,  and  protect  them  from  the  sky — pre- 
cisely as  running  water  is  protected  by  ice.  See 
Congelation.    The  radiation  thus  takes  place 
liotween  the  plants  and  the  matting,  rather  than 
between  them  and  the  sky.   The  matting  radiates 
to  the  sky,  and  loses  its  own  heat  rapidly ;  but, 
at  first,  its  temperature  is  not  far  bel6w  that  of 
the  plants,  which  therefore  transmit  very  little 
heat  to  it.    Even  when  the  matting  has  become 
frozen,  the  temperature  is  much  higher  than  that 
of  interstellar  space;  and  the  radiation  from  the 
plants  is  not,  therefore,  nearly  so  violent.    If  the 
l)roce5s  were  continued,  indeed,  the  three  tem- 
peratures would  be  perfectly  equalized,  but  the 
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return  of  day  prevents  that.  The  matting 
serves  merely  to  retard  the  equalization  of  the 
temperatures  of  the  sky  and  ground,  by  inter- 
posing. Sometimes  there  is  not  even  dew  fonned 
in  this  way ;  but  very  seldom,  except  in  the 

severest  weather,  is  hoar  frost  formed  The 

same  principle  explains  another  phenomenon, 
which  we  noted  in  connection  with  the  sub- 
ject.   Dew  is  very  seldom  formed  except  in 
a  clear  sky.    When  the  sky  is  clear  there  is  free 
radiation  to  the  interstellar  spaces.    When,  on 
the  contrar}',  there  are  clouds  in  the  sky,  the 
radiation  is  trom  them  to  the  sky,  and  from  the 
ground  to  them.    To  be  perfectly  correct,  in- 
deed, we  should  say  that  there  is  radiation  from 
the  ground  to  the  sky,  but  the  moment  that  the 
temperature  of  the  earth  gets  lower  than  that  of 
the  portion  of  the  cloud  turned  towards  it,  a 
counter  radiation  sets  in  from  the  cloud ;  supply- 
ing the  loss  from  the  radiation  to  the  sky,  and 
permitting  only  a  very  slight  decrease  of  the 
temperature  from  that  point.    Eadiation  from 
the  earth  to  the  spaces  is,  moreover,  just  as  in 
the  matting,  nearly  intercepted  by  the  inter- 
posed screen.    The  worse  conductors  such  bodies 
are,  the  better  will  they  serve  the  purpose  of  pro- 
tecting the  earth,  and  it  would  not  be  easy  to 
find  a  worse  conductor  than  the  clouds. — We  do 
not  enter  into  a  detailed  explanation  of  how  the 
theorj'  accounts  for  all  the  difl^erent  phenomena. 
In  a  windy  night  dew  is  seldom  deposited.  Xo 
one  layer  of  air  is  kept  in  contact  with  the  earth 
long  enough  to  cool,  as  may  readily  be  seen.  The 
fact  that  it  is  formed  most  copiously  in  valleys, 
and  least  on  pomted  hill  tops,  will  suggest  its 
own  explanation,  in  the  prmciple  of  convec- 
tion ;  and  other  such  phenomena  may  safely 
be  left  to  the  ingenuity  of  the  reader.  It 
is  impossible  to  conclude,  however,  without 
pointmg  out  the  very  striking  protection  which 
the  formation  of  dew  afibrds  against  those  night 
frosts,  wliich,  without  it,  would  totally  destroy 
all  oiu-  present  vegetation.    The  moment  a  par- 
ticle of  vapour  is  condensed  into  dew,  the  heat 
which  had  been  required  to  preserve  the  gas- 
eous state  is  disengaged  and  set  free, 
heat  partly  serves  to  keep  up  the  supply  of  air,^ 
well  saturated  with  vapour,  by  drivmg  up  the 
layer  Avliich  has  been  just  used,  and  thus  pre? 
pares  to  repeat  its  effects ;  and  partly  goes  to  the 
earth,  where  it  senses  to  supply  the  loss  by  ra- 
diant heat,  and  to  retard  the  progress  of  its  re^ 
frigeration.   When  the  new,  well  saturated  layee-i 
descends,  this  process  is  repeated ;  and  thus  a 
regular  supply  from  the  heat  given  in  the  day, 
to  form  vapour  of  -water,  is  made  to  moderate  the 
rapidity  with  which,  according  to  the  laws  of  heat, 
the  earth  would  cool  in  the  night  time.  Instances 
of  this  compensating  character  are  found  through- 
out His  works.    There  is  no  waste  of  energy  per- 
mitted ;  and  that  which  seems  uselessly  squandered 
during  the  day,  proves  to  have  been  only  gathercii 
up  for  indispensable  service  in  the  ensuing  night. 
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fIDiacanstic  CnrTc.  A  species  of  the 
tustic  curve  (see  Caustic)  formed  by  refraction. 
lae  properly  caustic  curve  fomied  by  reflection, 
titermed  also  catacaustic. — When  a  number  of 
ys  come  frorrl  a  luminous  point,  such  as  a,  and 
leter  upon  a  rarer  or  denser  medium,  whose 
nrder  is  such  as  b  c  d  e  f,  they  do  not  proceed 
I  the  direction  a  c,  a  d,  &c.,  but  are  refi'acted 
I  the  directions  car,  dm,  en,  fn.  Now, 


tagine  A  c  and  a  d  to  be  lines  infinitely  near, 
ti  one  to  the  other,  their  refracted  rays  c  m 
id  D  M  will  come  to  cut,  generally,  in  a  point, 
M.  If  we  further  imagine  all  the  innu- 
nrable  rays  refracted  from  the  curve  to  be  so 
iped  in  pairs,  of  those  nearest  one  another, 
obtain  a  series  of  points  of  junction,  like  m, 
lideh  will  present  together  the  appearance  of  a 
nrve,  described  by  a  dotting  instrument,  and  if 
imagine  the  rays  infinitely  near,  each  suc- 
Hsive  point  of  junction  will  be  infinitely  near 
preceding,  so  that  we  obtain  a  complete 
Tved  line — according  to  the  description  of  a 
as  made  up  of  an  unlimited  number  of  points, 
ii  infinitely  close,  the  one  to  the  other. — This 
Tved  line,  represented  in  the  figure  by  o  m  n, 
aalled  the  diacaustic  curve. — In  order  to  find 
diacaustie  curve  mathematically,  in  any 
mnite  circumstances,  we  require  to  remember 
i.t  the  sines  of  the  angle  of  the  incident  ray, 
I  of  the  angle  of  the  refracted  ray,  with  a 
ppendicular  to  the  refracting  surface,  bear  a 
itant  ratio,  when  we  pass  from  one  medium 
mother. 

iagoinetcr.  A  sort  of  electroscope  in- 
ited  by  M.  Rousseau,  where  the  dry  pile  is 
ie  to  measure  electrical  forces.  The  instru- 
it  is  of  use  in  teaching  us  the  conducting 
rer  of  bodies  as  regards  electricity.  It  is 
letimes  made  use  of  in  commerce  for  mea- 
ing  the  purity  of  oils. 

diagonal.    In  plane  figures  any  line  drawn 
ri  one  corner  of  the  figure  to  any  other,  not 
Ithe  same  side  as  the  first.    In  polyhedrons, 
ttbe  line  joining  two  angles  whose  vertices 
I  not  on  one  plane  side.    The  diameter  of  a 
le  is  sometimes  called  its  diagonal.  The 
itaber  of  diagonals  .capable  of  being  drawn 
n  any  one  angle  in  a  polygon  is  the  same  as 
iinumber  of  sides  wanting  three, 

ialling.    The  sun  dial  consists  merely  of 
raight  rod  firmly  attached  to  a  plane  surface, 
Wig  which  the  sun  throws  its  shadow  at  the 
erent  hours  of  the  day,  in  such  a  way  that 
amay  know  the  time  of  day  by  the  position  of 
*  shadow.    As  the  sun  is  not  at  the  same 
It  in  the  sky  at  the  same  hour  of  the  day  in 


183 


DIA 

different  times  of  the  j'ear,  it  is  manifest  that 
the  only  sun  dial  of  any  value,  will  be  one  whicli 
will  throw  the  ditFerent  hour  shadows  constantly 
in  the  same  direction ;  and  every  dial  wUl  not 
do  this.  The  straight  rod  requires,  in  fact, 
to  be  pointed  towards  the  pole  star  of  the  place. 
Then,  as  the  sun's  diurnal  revolution  round  the 
pole  is  uniform — (with  slight  variations  that  are 
neglected  in  dialling,)  the  place  of  the  sun  at 
difierent  hom-s  of  the  day,  will  be,  at  all  times  of 
the  year,  in  the  same  hour  cii-cle ;  and  the  sha- 
dow of  a  line  towards  the  pole,  from  any  object 
anywhere  on  the  circumference  of  that  circle, 
will  dififer  only  in  magnitude,  not  in  direction. 
Each  hour  wUl  therefore  be  indicated  by  a 

shadow  line  along  it  all  the  year  through  

Dials  are  usually  constructed  with  the  plane 
(dial  plate)  horizontal,  the  rod  (gnomon) 
always  being  turned  towards  the  pole.  In 
either  case,  the  shadows  for  the  different  hours 
are  not  at  equal  angular  distances.  The  hour 
circles,  and  therefore  the  planes  of  shadow  are. 
The  reader  wiU  at  once  comprehend  the  reason 
by  cutting  an  orange  through  its  centre  ob- 
liquely to  its  axis.  Each  lith  is  of  equal  size, 
but  the  exposed  surface  of  each  on  the  freshly 
cut  circle  will  not  be  so. — If  the  orange  were 
cut  perpendiculai-ly  to  its  axis,  they  woidd  be  so. 
If  in  dififerent  directions,  oblique,  to  its  axis,  the 
relative  spaces  for  the  liths  would  be  difierent. 
Hence,  as  the  horizontal  planes  of  each  place 
are  inclined  to  those  of  any  other,  and  the  direc- 
tion of  the  axis  is  constant,  the  graduation  of 
one  horizontal  (or  vertical)  dial  would  only  be 
adapted  to  the  one  place  where  it  might  be  used. 
If  the  dial  plate  be  made,  instead,  perpendicular 
to  the  direction  towards  the  pole,  the  graduation 
will  be  perfectly  uniform  and  regular  at  every 
place — as  much  for  one  hoiu-  as  for  any  other 
Hence  the  principle  of  the  universal  dial.  It  is 
merely  a  rod  through  the  middle  of  a  cii-cular 
disc  whose  plane  is  perpendicular  to  it,  graduated 
uniformly,  into  24  divisions.  Its  use  in  any 
place  presupposes  this,  and  only  this— a  distinct 
knowledge  of  the  du-ection  of  the  north  pole  from 
the  spectator. 

JDiamagiietic.  A  term  introduced  by  Fara- 
day in  connection  with  his  discovery  of  the  in- 
fluence of  magnetic  force  upon  aU  bodies.  By  a 
diamagnetic  is  meant  any  substance  which,  when 
placed  in  a  field  of  magnetic  force,  does  not  con- 
duct itself  in  the  same  way  as  the  magnetic 
bodies.  Iron,  Nickel,  and  Cobalt.  Before  Fara- 
day's discovery  in  1845,  the  known  properties  of 
almost  all  the  diamagnetics  m  relation  to  mag- 
netic action  were  merely  negative.  It  was 
known,  indeed,  long  previously,  that  masses  of 
Bismuth  and  Antimony  act  in  a  remarkable  way 
upon  a  neighbouring  magnet,  repelling  the  near- 
est pole,  instead  of  attracting  it  as  Iron  does  • 
but  this  remained  an  isolated  and  barren  fact 
and  seems  to  have  received  little  attention  till  it 
was  reduced  by  Faraday's  discovery  to  a  case  of 
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general  magnetic  action.    In  the  present  article 
a  statement  will  be  given  of  some  of  tlie  more 
important  facts  brought  out  by  this  discoverj', — 
general  and  theoretical  considerations  will  be 
reserved  for  the  articles  on  Magnetism  and 
Magnetic  Induction.    It  was  in  the  course  of 
experiment  already  referred  to  under  Circular 
Magnetic  Polabization  that  Faraday  first  ob- 
served the  new  mechanical  action  of  magnets  upon 
bodies  placed  in  the  field  of  force.  A  bar  of  heavy 
glass  was  suspended  centrally  betv.'een  the  poles 
of  a  powerful  horse-shoe  electro-magnet.  When 
the  force  of  the  magnet  was  developed,  the  bar 
no  longer  swung  indiflferently,  but  moved  round 
its  point  of  suspension  into  a  direction  at  right 
angles  to  the  lines  of  force,  or  at  right  angles  to 
the  direction  that  would  be  taken  by  a  bar  of 
soft  iron  placed  in  the  same  part  of  the  field. 
Round  this  position  the  bar  made  a  few  vibra- 
tions, and  finally  settled  in  it.   If  displaced  from 
it  by  the  hand,  it  returned  to  it  and  settled  as 
before,  showing  that  this  position  of  the  bar, 
which  Faraday  calls  the  equatorial,  was  a  posi- 
tion of  stable  equilibrium.    When  the  bar  was 
placed  originally,  at  rest,  in  the  axial  position, 
or  in  the  position  of  stable  equilibrium  of  an  iron 
bar,  it  did  not  move  out  of  this  position  under 
the  action  of  the  magnet ;  but  if  displaced  a  little 
in  either  direction  it  moved  on  into  the  equato- 
rial position  and  settled  there  as  before ;  showing 
that  the  axial  is  a  position  of  mistable  equili- 
brium.   It  was  observed  farther,  that  if  the  bar 
was  placed  near  one  of  the  poles,  it  was  not  only 
directed  round  its  point  of  suspension,  as  above- 
mentioned,  but  was  also  repelled  as  a  whole  by 
the  nearest  pole,  the  centre  of  gi-avity  of  the  bar 
sensibly  receding  from  that  pole,  and  so  remain- 
ing while  the  magnet  was  retained  excited.  The 
effects  are  simplified  by  the  employment  of  one 
electro-magnetic  pole  instead  of  two.     In  this 
case,  the  bar  is  always  repelled  by  the  pole  in 
the  direction  of  the  lines  of  magnetic  force  passing 
through  it ;  and  it  moves  at  the  same  time  into 
a  position  perpendicular  to  the  lines  of  force. 
The  effects  are  further  simphfied  by  using  a  cube 
or  ball  of  lieavy  glass  instead  of  an  oblong  bar. 
When  such  a  body  is  acted  on  by  one  pole,  it 
moves  constantly  outwards  in  the  direction  of  the 
hues  of  magnetic  force.    When  subjected  to  the 
action  of  two  poles,  the  effects  are  more  complex ; 
but  tliere  is  a  simple  law  that  explains  them  all. 
It  is  this,  that  a  particle  of  heavy  glass  or  other 
diamagnetic  tends  constantly  to  move  outwards, 
or  into  the  positions  of  weakest  magnetic  action. 
The  directive  tendency  of  an  oblong  diamagnetic 
across  the  lines  of  force  wlien  one  or  two  poles 
are  employed  can  be  easily  accounted  for  by  this 
law.    It  is  a  simple  result  of  the  joint  tendency 
of  all  the  particles  towards  thcr  positions  of  weak- 
est force.    The  property  of  being  repelled  by 
acnetic  poles  is  not  peculiar  to  heavy  glass; 
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it  is  on  the  contrary  common  to  the  most  of 
natural  and  artificial  bodies.    It  may  be  said 
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without  exception,  that  every  known  substance, 
when  subjected  to  electro-magnetic  forces  of  suOi- 
cieiit  power,  will  give  some  positive  result,  either 
of  the  magnetic  or  the  diamagnetic  character. 
And  it  is  in  comparatively  few  cases  that  the 
results  are  of  the  common  magnetic  kind  pre- 
sented by  iron  and  nickel.     Faraday  himself 
tested  a  great  number  of  bodies  taken  from  all 
classes,  amorphous  and  crystalline,  liquid  and 
solid,  organic  and  inorganic.    In  this  examina- 
tion, the  liquids  were  experimented  on  by  being 
enclosed  in  glass  tubes,  the  action  of  the  glass 
under  the  magnetic  forces  being  taken  into  ac- 
count.    Some  of  the  results  may  be  stated. 
Transparent  bodies  were  the  first  examiaed,  as 
was  natural  in  the  circumstances  of  the  discovery. 
And  it  was  found  that  even  such  transparent 
bodies  as  the  singly  and  doubly  refracting  crys- 
tals, whose  magnetic  rotatory  action  upon  light 
is  too  feeble  to  be  observed,  are  yet  subjected  to 
directive  and  repulsive  actions  by  magnetic  poles 
in  their  neighbourhood,  as  other  diamagnetics 
are.    Of  opaque  bodies  again,  whose  condition 
under  magnetic  action  could  not  be  tested  by 
means  of  light,  some  are  found  to  act  very  power- 
fully.   Phosphorus  may  be  mentioned  as  equal, 
if  not  superior  m  its  mechanical  indications,  to 
heavy  glass.    Sulphur  and  India  rubber  are  also 
well  directed  and  repelled.    Among  liquids,  al- 
cohol and  ether  are  evidently  diamagnetic,  and 
water  still  more  so.    Of  organic  bodies,  the  most 
are  clearly  diamagnetic.    Wood,  starch,  sugar, 
leather,  beef,  mutton,  apple,  bread,  blood  are 
instances :  they  are  all  repelled  by  the  magnetic 
poles,  and,  when  in  oblong  volumes,  du-ected 
equatorially.  With  regard  to  the  gases,  Faraday 
obtained  no  positive  result  in  the  first  series  of 
his  experiments  in  this  field.    It  was  discovered, 
however,  by  Bancalari,  that  flames  are  mecha- 
nically affected  by  magnetic  forces;  and  the 
subject  was  resumed  by  Faraday  and  other  philo- 
sophers with  success.    It  was  found  in  the  first 
place,  that  a  current  of  heated  aur  ascending 
between  the  poles  of  an  electro-magnet  conducts 
itself  as  a  diamagnetic,  separating  under  the 
magnetic  action  into  two  streams  wliich  ascend 
on  different  sides  of  the  axial  line.   On  the  other 
hand,  a  descending  cuirent  of  cold  air  is  not 
divided  under  the  action  of  the  poles,  but  keeps 
to  the  axial  line.  A  descending  stream  of  oxygen 
acts  as  a  powerful  magnetic  body ;  if  its  proper 
line  of  descent  is  on  either  side  of  the  axial  line, 
its  direction  is  changed  by  the  action  of  the 
magnet,  so  as  to  intersect  tlie  latter  line.  All 
the  other  gases,  when  treated  similarly,  are  found 
to  be  diamagnetic,  with  the  exception,  perhaps, 
of  nitrous  gas.   To  render  the  eflccts  of  the  mag- 
netic action  more  evident,  Faraday  enclosed  the 
gases  in  soap-bubbles,  and  set  them  afloat  in  the 
magnetic  field ;  and  this  test  was  found  to  oe 
very  delicate.    Oxygen  in  these  circumstances 
was  powerfully  attracted,  and  the  otlicr  gasf 
gave  results  in  accordance  with  previous  expen- 
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its.  By  employing  glass  tubes  as  the  enve- 
of  the  gases,  ia  connection  with  a  delicate 
saion-balance,  Faraday  has  even  compared  the 
magnetically  with  each  other,  and  with 
iselves  in  different  states  of  density  and  tem- 
,tnre.  The  contrast  brought  out  by  this 
tehod  between  the  two  principal  components  of 
atmosphere  is  very  interesting,  and  highly 
wortant  also  from  its  bearings  on  the  Theory 
T'Terrestrial  Magnetism.  The  magnetic  power 
c  oxygen  suffers  evident  diminution  by  a 
Biinution  of  density,  and  also  by  an  increase 
ttemperature ;  tliough  the  gas  cannot  be 
^ed  or  heated  to  such  an  extent  as  to  lose 
I  magnetic  power.  Nitrogen,  on  the  other 
AA,  which  is  a  diamagnetic,  undergoes  no 
ssible  change  in  its  magnetic  relations  by 
utmost  attainable  changes  in  density  and 
iperature.  In  this  brief  view  of  the  natural 
ides  in  their  magnetic  relations,  we  have  to 
tx  finally  to  the  metals.  Iron,  nickel,  and 
■lalt,  have  been  long  known  as  magnetic  metals, 
opgh  the  second  is  far  inferior  in  power  to 
Li.  To  these  metals  Faraday  has  added  the 
rowing, — platinum,  palladium,  titanium,  man- 
mese,  cerium,  chromium,  and  perhaps  osmium, 
una  of  these  are  inferred  to  be  magnetic  from 
Bct  observation  of  their  actions  in  the  field  of 
Ke,  while  the  character  of  others  has  been  de- 
Knined  by  the  actions  of  their  chemical  com- 
nnds.  The  rest  of  the  metals  appear  to  be 
i-magnetic  in  the  common  sense  of  the  term. 
!^  are  found  to  be  all  subject  to  the  influence 
khe  magnetic  force,  and  they  produce  the  same 
eral  effects  as  heavy  glass  and  the  other  dia- 
S^etics  already  referred  to.  The  repulsive 
Kes  are  manifested  on  the  diamagnetic  metals 
mery  difierent  degrees.  Some  of  the  metals, 
pgold,  copper,  silver,  are  inferior  as  diamag- 
iacs  even  to  water ;  and  with  the  exceptions  of 
dmony  and  bismuth,  they  are  all  inferior  to 
)vy  glass.  The  last  mentioned  metal  has  been 
nracterized  by  Faraday  as  one  of  the  best  sub- 
ices  for  the  exhibition  of  the  entire  diamag- 
ic  phenomena  of  the  mechanical  kind.  The 
iduct  of  the  various  compounds  of  the  metals 
ier  magnetic  action  has  been  studied  with 
Mat  attention.  We  may  merely  state  the  gene- 
I  law  which  has  been  arrived  at  upon  this 
t-  by  a  very  extensive  induction ; — that  the 
ICdedly  magnetic  and  the  decidedly  diamag- 
eic  metals  preserve  their  magnetic  characters 
noughout  all  changes  of  mixture  and  chemical 
ipposition  and  solution.  By  inference  from 
3  law,  Faraday  has  determined  the  magnetic 
taracter  of  some  of  the  metals,  whose  indications 
khe  magnetic  field  could  not  be  depended  upon, 
meed  hardly  be  obser\'ed  that  it  is  not  meant 
*the  above  statement,  that  a  solution  of  salt 
>»iron  for  example,  will  act  evidently  under 
gnetic  force  in  the  same  way  as  iron  itself 
;  for  it  may  or  may  not  so  act  according  to 
Hiunstances.    The  magnetic  action  of  a  mix- 
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ture  or  chemical  compound  of  difierent  matters  is 
the  resultant  of  the  actions  of  all  its  constituent 
parts ;  and  the  law  is,  that  the  action  of  each 
part  is  proper  in  kind  and  quantity  to  the  part 
itself,  and  independent  of  the  circumstances  of 
mixture  and  chemical  composition  into  which  the 
part  may  enter.  A  solution  of  iron  then  will  be 
magnetic  or  diamagnetic  according  to  the  strength 
of  the  solution,  that  is,  according  to  the  propor- 
tion of  water  or  other  diamagnetic  matter  with 
which  it  is  diluted.  It  is  interesting  to  observe 
generally  in  this  connection  that  the  magnetic 
and  diamagnetic  properties  of  the  parts  of  any 
mixed  body,  while  they  oppose  each  other  in 
their  effects,  appear  to  interfere  in  no  degree  with 
each  other  in  their  proper  actions.  The  delicacy 
of  the  experimental  researches  that  have  been 
conducted  in  this  field  is  well  illustrated  by  the 
phenomena  of  mixed  bodies.  Glass  in  a  pure 
state  is  evidently  diamagnetic,  but  in  the  com- 
mon forms  of  green-bottle  and  crown  it  is  as 
e^ddently  magnetic,  in  virtue  of  the  small  quan- 
tity of  iron  present  in  its  mass.  Wood  in  a  pure 
state  is  diamagnetic ;  but  to  obtain  a  chip  that 
will  conduct  itself  as  a  magnetic  body  we  have 
only  to  detach  it  with  a  common  knife.  Com- 
mon paper  again  has  been  sometimes  found  to 
possess  magnetic  properties ;  and  the  fact  has 
been  explained  by  the  contact  of  iron  with  the 
paper  in  the  process  of  manufacture.  In  the 
previous  part  of  this  ai-ticle,  bodies  have  been 
considered  in  their  magnetic  relations  without 
reference  to  the  enveloping  matter,  and  they  have 
been  spoken  of  as  absolutely  magnetic  or  diamag- 
netic. This  view  has  preserved  us  from  unne- 
cessary complication  in  the  statement  of  elemen- 
taiy  facts,  but  it  now  requires  an  important 
correction.  The  conduct  of  a  body  in  the  mag- 
netic field  depends  as  much  in  fact  upon  the 
nature  of  the  enveloping  matter  as  upon  the 
nature  of  the  body  itself.  As  a  simple  instance: 
— there  are  certain  substances  which  set  equato- 
rially  and  are  repelled  in  air,  while  in  water 
they  set  axially  and  are  attracted;  in  other 
terms,  they  act  as  diamagnetics  in  a  magnetic 
field  which  is  occupied  by  air,  while,  in  the  same 
part  of  a  pi'ecisely  similar  field  which  is  occupied 
by  water,  they  act  as  magnetics.  Phenomena  of 
the  same  kind  are  presented  by  otlier  media. 
There  are  certain  remarkable  experiments  of 
Faraday's  that  are  worthy  of  notice  in  this  con- 
nection. Glass  tubes  were  filled  with  solutions 
of  iron  of  different  strengths,  and  were  hermeti- 
cally sealed.  Vessels  were  also  filled  with  the 
solutions,  and  placed  successively  iu  the  magnetic 
field.  The  tubes  in  succession  were  immersed 
moveably  in  the  vessels  when  occupying  the  field 
of  force ;  and  though  all  the  tidies  were  magnetic 
thej'  sometimes  pointed  equatorially.  The  phe- 
nomena presented  this  constant  law  ; — that  if  the 
solution  in  the  tube  were  stronger  than  that 
which  enveloped  it,  the  tube  conducted  itself  as 
a  magnetic  body ;  if  on  the  other  hand,  the  in- 
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ternal  solution  were  the  weaker,  the  tube  was 
repelled  and  directed  equatorially,  and  could  be 
distinguished  in  no  way  from  a  diamagnetic. 
These  facts  have  an  evident  bearing  upon  the 
nature  of  the  distinction  between  bodies  as  mag- 


netic and  diamagnetic.    But  we  consider  them 
at  present  merely  with  an  inductive  view,  and 
without  reference  to  theoretical  questions  that 
may  be  raised  in  connection  with  them.  From 
the  above  statements  it  is  evident,  that  we  cannot 
properly  speak  of  a  body  as  magnetic  or  diamag- 
netic without  reference  to  the  medium  in  which  it 
is  placed.    But  in  practice  we  can  dispense  with 
the  reference  mthout  any  danger  of  mistake,  by 
agreeing  that  where  no  medium  is  mentioned  the 
air  is  understood.   After  this,  the  action  of  media 
as  far  as  determined  may  be  easily  described.  A 
magnetic  body  will  act  as  a  magnetic  in  every 
diamagnetic  medium,  and  in  every  medium  of 
less  magnetic  power  than  itself,  but  as  a  diamag- 
netic in  every  medium  of  greater  magnetic  power. 
A  diamagnetic  -will  act  as  a  diamagnetic  in  every 
magnetic  medium,  and  in  every  medium  of  less 
diamagnetic  power  than  itself ;  but  as  a  mag- 
netic in  every  medium  of  greater  diamagnetic 
power  than  itself.    In  conclusion,  we  may  ob- 
serve, that  these  and  other  facts  are  poweifully 
in  favour  of  the  idea,  that  bodies  differ  from  one 
another  as  magnetic  and  diamagnetic  only  in 
virtue  of  the  difference  of  degrees  in  which  they 
possess  the  one  common  magnetic  property.  And 
that  therefore  a  mass  of  bismuth  or  heavy  glass 
recedes  from  the  magnetic  pole,  not  because  of  a 
repulsive  action  of  the  pole  upon  the  diamagnetic, 
but  because  of  a  greater  attraction  exerted  upon 
the  surrounding  medium :  just  as  smoke  ascends 
in  air,  and  light  solids  in  water,  in  opposition  to 
the  proper  attractions  exerted  upon  them.  This 
view  was  stated  by  Faraday  as  probably  the 
true  one,  in  connection  with  his  singular  experi- 
ments on  solutions  of  iron  already  described ; 
but  he  has  seen  reason  to  question  it,  and  to 
speak  of  the  movements  of  diamagnetics  in  the 
field  of  force  as  due  to  a  proper  repulsive  action 
of  the  poles,  an  action  therefore  entirely  different 
from  the  common  and  long-kno^vn  action  of  mag- 
netic force.    Whatever  view  be  taken  upon  this 
point,  there  can  be  only  one  opinion  as  to  the 
importance  of  the  discovery  of  "  the  new  mag- 
netic condition."    Magnetic  science  has  received 
from  it  a  very  gi'cat  extension.     Tliose  subtle 
forces  that  were  formerly  known  only  as  exerted 
upon  iron  and  two  other  metals  are  now  recog- 
nized as  acting  effectively  upon  all  bodies,  and 
as  exercising,  in  all  probability  most  important 
functions  in  various  departments  of  the  great 
system  of  nature. 

JDiapliaiiomclci-.  An  instrument  proposed 
and  employed  by  Saussure  for  measuring  the 
transparency  of  the  air.  It  consisted  of  a  num- 
ber of  circles  of  different  diameters  drawn  on 
white  grounds.  Having  j)laced  these  beside 
each  other,  the  observer  recedes  until  the  smaller 
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circle  becomes  invisible,  and  measures  the  dis- 
tance. Then  he  recedes  until  a  larger  circle 
becomes  likewise  invisible,  and  again  measures 
the  distance.  If  the  air  be  perfectly  transparent 
these  distances  ought  to  be  exactly  proportional 
to  the  diameters  of  the  circles ;  if  they  are  not, 
the  difference  is  due  to  the  absorption  of  the 
luminous  rays,  or  to  the  imperfect  transparency 
of  the  atmosphere. 

Diaphanous.  Transparent  See  Trans- 
parency. 

Diatlierinanism  ;  Atlierinanisni ;  Thcr* 
nianism.    Reference  has  already  been  made  to 
the  phenomena  indicated    by  the  foregoing 
terms,  in  article  Absorption.    The  Inquirer 
who  first  carefully  surveyed  them  was  MellonL 
Desiring  to  ascertain  according  to  what  laws  ra- 
diant heat  either  passes  through  different  bodies, 
or  is  absorbed  by  them,  this  philosopher  first  in- 
vestigated how  much  of  the  incident  heat  was 
neither  radiated  nor  absorbed,  but  rejected  or 
sent  back  by  way  of  reflexion.    This — it  turns 
out — whatever  be  the  plate  on  which  it  falls, 
is  -j-i^  of  the  whole;  so  that  of  100  rays  falling 
on  the  plate,  only  92-3  require  to  be  accounted 
for  by  transmission  and  absorption.    This  pre- 
liminary established,  Melloni  proceeded  to  evolve, 
by  a  long  and  elaborate  series  of  ingenious  ex- 
periments, how  far  the  transmission  of  radiant 
heat,  through  plates,  is  affected  by  the  substance 
of  the  plate,  by  its  thickness,  and  by  the  source, 
and  degree  of  the  heat  incident  on  it.  Different 
substances  varj'  exceedinglj'  in  their  power  to 
transmit  radiant  heat;  for  instance,  rock  salt 
transmits  the  whole;  alum,  scarcely  any  rays; 
black  glass,  and  smoked  quartz,  transmit  abun- 
dantly,  notwithstanding    their  opacity.  In 
general,  the  quantity  transmitted  varies  with 
the  thickness  of  the  plate ;  but  tliis  only  up  to  a 
certain  limit ;  for  after  the  plate  has  reached  a 
certain  thickness,  that  thickness  may  be  further 
increased  without  lessening  the  amount  of  trans- 
mitted heat.    This  amomit  varies  also  with  the 
temperature  of  the  source  of  the  rays :  sources 
of  low  temperature  appearing  to  contain  a  smaller 
proportion  of  transmissible  rays :  and  Melloni 
has  reached  the  further  and  definite  conclusion, 
that  the  least  refrangible  calorific  rays  of  the 
solar  spectrum  are  likewise  the  least  transmissible. 
These  phenomena,  regarded  as  a  whole,  mani- 
festly point  to  the  conclusion,  that  the  action  of 
bodies  in  transmitting  heat,  is  quite  analogous 
to  the  action  of  transparent  or  coloured  media 
in  transmitting  light.     The  characteristic  of 
colom-ed  media,  in  this  respect,  is,  that  they 
exert  an  absorbing  power,  by  preference,  over  a 
certain  colour :  for  instance,  if  a  glass  plate  per- 
mits the  red  rays  onlj'  to  pass,  another  similar 
platc^  behind  it,  will  not  absorb  the  ray  trans- 
mitted by  the  first,  whilst  a  violet  plate  would 
impede  or  absorb  the  whole  of  it;  or,  if  the 
coloured  plate,  instead  of  transmitting  a  simple 
ray,  transmitted  a  compound  tint,  the  results  of 
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iterposition  of  an  additionnl  plate  would  be 
irdy  similar,  although  analyzed  with  some 
niiulty.  Observe  now  the  phenomena  in 
ition.  As  soon  as  radiant  heat  has  passed 
^ngh  a  certain  thicltness  of  any  substance 
ible  of  transmitting  it,  the  heat  becomes 
\fied  or  ikermanized  in  relation  to  that  sub- 
see  :  not  only  does  the  ray  traverse  it  more 
fly,  but  it  is  not  subject  to  any  further  ab- 
dftion  on  the  part  of  the  same  substance.  If, 
never,  a  second  substance  be  brought  to  act 
khe  ray  thus  ikermanized,  quite  a  difiFerent 
Idt  ensues ;  roclc  crystal,  for  instance,  acts  in 
ilrbing  heat  that  has  passed  through  glass, 
i  as  if  the  heat  was  in  its  natural  state,  or 
tthermanized  at  all;  that  is,  it  absorbs  a 
B  portion  of  it.  Glass  acts  in  the  same  way 
leat  that  has  passed  through  rock  crystal  : 
B  two  substances,  therefore,  are  quite  in  the 
3  position  with  regard  to  radiant  heat,  as  two 
nrently  coloured  glasses  aj"e,  vnth  regard  to 
It.  Now,  it  is  this  peculiar  property  of 
btances — a  property  enabling  them  to  select, 
were,  the  elements  of  the  ray  of  heat  which 
f  daim  to  absorb,  that  Melloni  designates  as 
r  ■:  diathermancy/ ;  or,  as  he  rather  might  have 
4d  it,  their  thermancy:  the  substances  tlius 
itir^,  are  theiinanizing  substances;  and  the 
modified  by  the  action  of  such  substances 
kid  to  have  been  thermanized  with  respect  to 
u.  Eock  salt,  for  instance,  is  diathermanous, 
nnot  thexmanizing,  because  it  transmits  all 
aincident  rays;  and  the  heat  which  passes 
■pgh  it  is  not  thermanized,  but  natural  heat, 
Bessing  all  its  original  elements. — As  to  the 
■ence  of  difl:erent  sources  of  heat,  it  must  be 
L  in  mind  that  every  source  does  not  neces- 
give  out  aU  the  elements  of  natural  heat ; 
Has  there  are  coloured  flames,  there  probably 
» sources  of  radiant  heat  which  send  out 
tive  heat,  a  heat  already  thermanized: 
ler  must  it  be  concluded  that  the  degree  of 
^temperature  of  the  source,  necessarily  deter- 
ea  that  its  heat  contains  fewer  absorbable 
;  for  Melloni,  has  recently  established  that 
!  salt  properly  smoked  by  the  flame  of  a 
Wle,  absorbs  a  proportion  of  heat  wliich  is 
Irter,  the  higher  the  temperature  of  its  source. 
~  ijathci-manoiis.  A  body  that  transmits 
int  heat  is  called  diathermanous ;  ather- 
Ittm,  if  it  transmits  none. 

Icbroism.  The  optical  phenomenon  thus 
™?nated  is  peculiar  and  complex.  It  may  be 
'  ly  described  as  follows.  —  Every  coloured 
•ply-refi-acting  crystal  on  which  a  vertical 
a  falls,  may  be  considered  as  permitting 
•■ass  through  it,  in  the  first  place,  a  certain 
-itity  of  coloured  light,  not  polarized;  which 
t  passes  freely  in  all  directions,  without 
wence  to  the  optical  axis,  or  axes  of  the  crys- 
-the  crystal  acting  in  regard  to  it  much 
i  any  other  coloured  medium  ;  and  in  the 
»nd  place,  a  certain  quantity  of  light  polar- 
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ized  according  to  Biot's  law  for  biaxial  crystals. 
This  latter  quantity  of  liglit  being  necessarily 
variable,  according  as  one  transmits  polarized 
light  through  the  crystal  or  analyzes  that  light 
transmitted  by  a  doubly  refracting  apparatus, 
there  results — when  the  variable  light  is  itself 
coloured — a  numerous  series  of  shades  of  colour ; 
from  that  of  the  non-polarized  light  when  it 
passes  alone,  to  that  formed  by  the  mixture  of 
the  colour  of  the  non-polarized  light  mth  the 
colour  of  the  whole  polarized  light.  If  attention 
is  paid  to  these  extreme  shades  only,  the  phe- 
nomenon is  termed  dichroism :  but  as  there  are 
many  intervening  shades,  every  doubly  refracting 
coloured  crystal  with  one  or  two  axes,  manifests 
a  veritable  polychroism. 

Diehroscopic  ITlicfoscopc.  See  Micro- 
Scope. 

Dielectric.  Any  substance  through  or  across 
which  the  electric  forces  are  acting.  Thus,  the 
air  between  two  electrified  surfaces  is  a  dielectric, 
the  waU  of  a  charged  Leyden  jar,  and  the  insu- 
lating plate  of  a  charged  condenser  are  also  die- 
lectrics :  for  the  electric  forces  act  through  these 
substances,  and  produce  sensible  effects  at  their 
terminating  surfaces.  The  importance  of  the 
functions  of  the  dielectric  in  all  the  electric 
actions  is  the  most  distinguishing  feature  of 
Faraday's  Theory  as  contrasted  with  the  old 
Theory  of  Electric  Fluids.  Thus,  in  explana- 
tion of  the  inductive  action  of  one  charged  con- 
ductor upon  another,  the  dielectric  was  altogether 
ignored  m  the  old  theory,  except  as  insulating 
the  fluids  and  as  occupying  a  certain  extent  of 
space.  Faraday  on  the  other  hand  explains  the 
ordinary  inductive  action  by  the  supposition  of  a 
system  of  actions  among  the  particles  of  the 
matter  that  lies  beween  the  charged  surfaces. 
In  this  way  the  dielectric  becomes  of  essential 
importance  in  explanation  of  the  entire  pheno- 
mena of  induction.  Further,  he  regards  the 
peculiar  inductive  state  of  the  particles  of  the 
dielectric  as  an  essential  condition  of  charge 
itself.  It  will  be  evident  that  if  these  supposi- 
tions are  true,  the  dielectric  has  an  active  influ- 
ence of  the  most  essential  kind  in  all  the  actions 
of  conduction  and  discharge.  So  that,  in  short, 
whenever  we  have  charge  or  discharge  in  any 
form  and  in  any  intensity,  the  action  of  the  di- 
electric is  supposed  to  enter  as  an  essential  con- 
dition of  the  phenomena.  These  ideas  are  simply 
suggested  and  powerfully  supported  by  experi- 
ment;, and  if  they  have  the  disadvantage  of 
vagueness,  it  is  because  tliey  are  not  more  definite 
than  sound  reasoning  from  existing  experimental 
data  would  warrant.  They  have  the  gi'cat  merit 
of  linking  together  the  varied  phenomena  of 
electricity  in  a  harmonious  whole,  and  of  thus 
fulfilling,  to  a  certain  extent,  tlie  principal  ofiice 
of  a  Theory.  For  a  statement  of  these  theoreti- 
cal points,  and  for  a  description  of  the  specific 
properties  of  dielectrics,  see  Induction. 

Uiircrciicc  :  Uiflcrcaiccs  :  Cnlciilua  of 
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Vinitc  DiflTcrciiccs.  The  simple  meaning  of 
the  arithmetical  word  difference, — viz. :  the  ex- 
cess of  a  larger  quantity  over  a  smaller — is  vir- 
tually lost,  in  reference  to  tlie  same  term,  when 
used  in  the  higher  branches  of  the  Mathematical 
Analysis.  We  shall  attempt  very  briefly  to 
convey  some  notion  of  its  nature  and  compre- 
hensiveness, as  thus  employed.  Suppose  that 
any  series  of  numbers  exists,  whose  terms,  how- 
ever irregular  tliey  may  appear,  are  held  together 
by  a  certain  law, — the  character  of  that  law 
will  evince  itself  by  the  fact,  that  if  the  differences 
of  the  numbers  be  first  taken,  the  differences  of 
these  difl^erences  next,  then  the  differences  of 
these  second  differences,  &c.,  we  shall  arrive  at  a 
term  or  order  of  differences  whose  difference  is 
0.  For  instance,  take  the  following  numbers, 
and  find  the  successive  differences : — 

Series.  43  47  53  61  71  83,  <fec. 

First  difference          4     6     8    10  12 

Second  diffiirence.  .2    2     2  2 
Tliird  difleience...        0    0  0 

Now,  the  nature  of  the  law  of  the  series  written 
do\vn  above  is  expressed  by  the  fact  that  its 
third  differences  are  Zero :  and  the  terms  of  any 
series  or  set  of  numbers  may  be  calculated,  if  we 
know  the  first  term  and  a  few  characteristic 
facts  regarding  their  differences.  In  the  series 
just  written  down,  it  would  suffice  to  know  the 
terms  43,  4,  2,  and  0,  to  enable  any  one  to  write 
out  the  whole  apparently  irregular  series.  It  is 
on  the  ground  of  tliis  principle  that  Mr.  Babbage's 
Machine,  and  all  otliers  of  a  like  kind,  can  com- 
pute extensive  tables,  such  as  tables  of  Lo- 
garithms (see  Engine,  Calculating).  —  The 
whole  of  this  subject  has  grown  into  the  Cal- 
culus of  Finite  Differences,  an  important  and 
elaborate  branch  of  the  modern  Analysis ;  first 
proposed  by  Dr.  Brook  Taylor,  under  the  name 
of  the  Method  of  Increments.  Of  course,  it  is 
impossible  to  enter  here,  on  consideration  of  the 
processes  of  this  Calculus;  but  a  few  remarks 
are  needed  to  enable  the  student  to  distinguish 
it  clearlj'  from  that  true  Transcendental  Analysis 
— viz.  the  method  of  Infinitesimals.  It  is  not 
possible  to  regard  the  method  of  Finite  differences 
as  at  all  related  to  the  great  conception  of  Leib- 
nitz. The  fundamental  conception  of  Taylor  is 
the  following — viz. :  it  is  required  to  detect  what 
changes  will  pass  on  a  function,  if  to  its  variable 
a  definite  increment  he  added.  Now,  this 
definite  increment  can  differ  from  the  original 
variable  only  in  relative  magnitude  :  it  is  a 
quantity  altogether  of  the  same  sort  as  the 
variable;  and  it  is  difficult  to  see  in  wliat  way — 
by  taking  it  as  an  intermediate  quantitj' — we 
can  establish  equations  tliat  define  tlie  variable, 
more  easily,  than  might  be  done  by  working  with 
the  variable  itself.  The  immense  facility,^  and 
therefore  the  immense  advantage  of  the  Tran- 
scendental Calculus,  lies  in  the  very  fact,  that 
the  increments  employed  are  quantities  differinj/ 
ill  nature  from  the  original  variable — that,  in 
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fact,  they  are  infinitesimals ;  and  therefore  that 
we  can  neglect  higher  ])owers  of  them  in  com- 
parison  with  lower  powers,  and  higher  differ- 
entials in  comparison  with  lower  ones,  without, 
as  has  been  shown  (see  Calculus),  endan- 
gering the  accuracy  of  the  equation.  La- 
grange has  pointed  out  this  radical  distinction, 
with  the  power  usual  to  him :  and  he  has  shown 
that  the  pretended  analogy  sometimes  asserted 
between  the  Calculus  of  Differences  and  the 
Infinitesimal  Calculus,  has  therefore  no  existence; 
and  that  formula;  of  the  former  calculus  can 
never  furnish,  as  mere  j^articular  cases,  formulas 
belonging  to  the  latter,  seeing  that  their  natiu^ 
is  essentially  distinct. — But  though  the  Calculus 
of  Finite  Differences  has  thus  no  pretension  to 
take  rank  with  the  Infinitesimal  Calculus,  and 
is  comparatively  powerless  in  the  field  of  the 
triumphs  of  the  latter,  it  is  impossible  to  over- 
look its  grasp  and  importance  as  a  branch  of 
pure  Algebra.  Of  the  whole  doctrine  of  Series, 
it  is  undisputed  Master ;  and  it  has  given  birth 
to  the  superb  Theory  of  Generating  Functions  of 
Laplace.  We  also  owe  to  it  that  valuable 
theory  of  Periodic  and  Discontinuous  Functions, 
first  introduced  by  Euler,  and  afterwards  so 
greatly  advanced  by  Fourier.    See  Fdnctions. 

niflfcreiitial ;  Dcriratire;  Fluxiou.  See 
Calculus. 

Diflfraction  of  Xiight:  Inflexion.  The 

very  remarkable  and  puzzUng  phenomena  de- 
signated by  the  foregoing  terms,  have  been  known 
since  the  time  of  Grimaldi,  who  also  made  the 
earliest  attempt  to  explain  them,  in  1665.  They 
consist  of  curious  appearances  connected  with  the 
shadows  of  opaque  objects,  when  these  are  placed 
within  raj's  diverging  from  a  simple  line  or  point 
For  instance,  if  a  small  lens  or  burning  glass  of 
short  focus  be  fitted  into  a  hole  in  a  shutter,  it 
will  concentrate  the  light  passing  through  it, 
in  a  bright  point;  and  from  that  point  rays  will 
diverge  through  the  dark  room.  An  opaque 
object  placed  within  these  rays  will,  of  course, 
cast  a  shadow,  on  any  screen ;  but  instead  of 
the  real  shadow  corresponding  with  what  may 
be  termed  the  geometrical  one,  its  edge  will  be 
found  quite  indefinite, — certain  curious  tints  in 
the  form  of  fringes  of  colour,  or  of  alternating 
dark  and  light,  extending  to  some  distance  and 
running  parallel  to  that  edge.  These  curioof 
appearances  were  attributed  by  Newton  (who 
held  that  theory  of  light  known  as  the  Theory  c' 
Emission,')  to  certain  molecular  attractions  and 
repulsions  between  the  matter  of  the  rny.«,  and 
the  edge  of  the  opaque  body :  but,  irrespective  of 
minor,  although  decisive  objections,  the  follow- 
ing classical  experiment  of  Fi-esncl's — by  whicli 
ajipearances  of  the  same  nature,  are  producei' 
under  circumstances  totally  different — gave  thi? 
explanation  its  death-blow.  Having  arrange'^ 
a  lens,  a,  so  that  rays  of  light  concentrated  ft 
its  focus,  might  thence  diverge  into  a  dark 
room,  he  placed  opposite  to  it  two  plane  nietalli<: 
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ors  M  and  m',  in  the  way  shovm.  in  fig.  1. 
se  mirrors,  on  receiving  the  rays  f  q  and  f  ii, 
sect  them  downwards  along  g  b  and  ii  b,  so 
,!,t  they  meet  and  concentrate  in  a  point,  or  rather 


Fig.  1. 

tne  of  light  parallel  to  the  intersection  of  the 
HTOrs.  Now,  the  phenomenon,  which  is  tho- 
^hly  remarkable,  lies  on  each  side  of  the 
;t;ht  band  b.  At  a  short  distance,  s  s,  there 
dark  band;  beyond  which  we  find  an- 
aer  bright  band  b'b';  beyond  that  again  a 
rond  dark  band  s's',  and  so  on  in  regular  alter- 
«on  to  a  considerable  distance  from  the  central 
dd  B.  Should  one  of  these  mirrors  be  obscured, 
llihis  fringing  vanishes ;  and  the  entire  space  is 
tfrly  covered  by  a  diffused  light;— a  strildng 


DIF 

experimental  confirmation  of  the  apparently 
paradoxical  maxim,  that  lic/ht  added  to  lir//u  may 
produce  darkness.  But  as  this  curious  fringing 
resembles,  in  almost  everything,  the  phenomena 
attending  the  edge  of  the  geometrical  shadow  of 
an  opaque  body,  and  as  no  hypothesis  of  mole- 
cular attractions  and  repulsions  can  explain  the 
experiment  of  Fresnel,  it  is  clear  that  such 
hypotheses  must  be  abandoned  in  the  former 
case  also. — Both  these  experiments  are  ex- 
tremely simple,  and  may  readily  be  performed 
by  the  Amateur.  One  explanatory  remark, 
however,  is  necessary.  To  obtain  alternate 
dark  and  iright  fringes,  the  light  concentrated 
by  the  lens,  must  be  homogeneous  light,  i.e.  it 
must  consist  of  rays  of  one  kind  only.  The 
ordinary  white  light  of  tlie  sun  is  not  simple 
light,  but  a  sheaf  of  seven  different  elementary 
rays,  only  ojie  of  which  —  e.g.  the  red  ray — 
must  be  employed,  if  the  foregoing  jmre  effect  is 
desired.  Should  the  usual,  or  composite  beam 
be  made  use  of,  the  results  will  be  found  much 
more  complex,  although  likewise  much  more 
brilliant.  By  the  process  which  originates  the 
fringes,  the  white  beam  (see  belmo)  is  decom- 
posed; and  instead  of  alternate  dark  and  light 
bands,  a  succession  of  fine  spectra  appears  on 
each  side  of  the  central  band  b,  in  Fresnel's  ex- 
periment— a  similar  series  fading  away  from  the 
edge  of  the  shadow,  in  the  other  case.  Nothing 
can  well  exceed  the  beauty  of  the  appearances 
fi-equently  evolved  by  this  decomposition.  Take, 
for  instance,  the  case  so  profoundly  analvzed  by 
Frauenhofer.  If  a  ray  of  ordinary  solar  light 
be  transmitted  through  a  narroio  slit,  and 
examined  by  a  telescope  adjusted  to  distinct 
vision  of  the  slit,  the  phenomena  indicated  by 
fig.  2,  immediately  declare  themselves.  The 
slit  A  appears  in  the  middle,  of  a  white  light, 


with  edges  perfectly  defined  and  ckan. 

ne  or  black  band,  tt',  lies  on  each  side  of 

lit.    Beyond  this,  symmetrically  disposed. 

nd  a  fine  and  complete  spectrum,  h  c, — the 
'  I  being  at  ii,  and  the  red  at  c.  Another 
c  mterval  succeeds;  after  which  we  have  a 
■ession  of  spectra,  ii'  <;',  &c.— all,  like  the  first, 
ing  the  vjolet  nearest  the  slit ;  only,  the  red 
he  second  spectrum  overiaps  the  violet  of  the 
d;  and  so  on  with  the  fotirth,  until  the  phe- 
•enon  fades  quite  away.  Those  special  dark 
5  of  Frauenhofer  (rj.v.)  are  found  in  all  spectra 
diffraction;  hnt  their  relative  distances  are 
red.  llie  following  appears  to  be  a  law  :— 
ctmg  any  distinct  line  f',  its  distance  f"a  in 
Eecond  spectrum,  from  the  image  of  the  slit 
■8  double  of  F'A }  and  f"'a  is  triple  of  f'a; 
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&c — These  and  all  other  peculiarities  have  been 
fully  explained  by  the  general  theory  whose 
outlines  we  shall  now  endeavour,  under  a  few 
heads,  to  unfold. 

(1.)  Diffraction;  the  General  rrincipla  on 
which  it  Depends.— ThQ  Undulatory  or  Wave 
Theory  of  Licjlit,  and  that  special  consequence  of 
it— the  princi))le  of  Interference,  will  bo  treated 
at  large  under  several  appropriate  articles. 
Nevertheless,  the  reader  must  at  present  have 
cleariy  in  view  the  nature  of  that  Theory,  as 
well  as  of  the  principle  of  Interference.  Accord- 
ing to  accepted  opinions.  Light  is  not  propagated 
by  particles  emitted  from  the  luminous  body,  at 
extravagant  speed ;  but— as  Sound  is  propagated 
—by  waves  excited  in  a  highly  elastic  medium 
by  the  luminiferous  body.    To  use  an  iUustra- 
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tion,  more  palpable  and  expressive  perhaps,  than 
rigorously  apt, — unless  the  surface  of  this  sup- 
posed elastic  ethereal  ocean,  be  agitated,  or  in  a 
■wave  state,  it  does  not  communicate  to  our 
human  organs  the  sensation  of  light.  Let  that 
surface  be  smooth — from  whatever  cause — and, 
to  our  eye,  there  is  darkness.  Now,  the  smface 
of  an  ocean  may  be  smooth  from  two  causes: 
eitlier  because  it  is  agitated  by  no  system  of 
waves  whatsoever;  or  because  two  systems  of 
waves  course  along  it,  so  related,  that  the  crests 
of  the  one  system  alwaj'S  coincide  with  or 7?//  tip 
the  troughs  of  the  other.  Imagine  two  systems 
of  waves  propagated  through  an  elastic  medium 
from  two  different  points.  If  these  points  are  so 
placed,  that  lights  from  them  reach  a  third 
point,  either  in  the  same  time,  or  at  times  differ- 
ing from  each  other  by  one  length  of  an  midu- 
lation,  or  two  lengths,  or  three  lengths,  &c. ; — 
then,  two  wave  crests  must  always  reach  that 
third  point  at  the  same  moment,  and  the  result 
must  be  douile  light:  but  if  their  relations  in 
space  are  such,  that  lights  from  them  shall 
reach  the  said  point,  at  times  differing  by  one- 
half  an  undulation,  or  by  an  midulation  and  a- 
half,  or  two  undulations  and  a-half,  &c., — their 
crests  and  trouglis  will  always  arrive  there 
together,  and  the  tioo  lights  must  produce 
darkness.  In  the  latter  case,  the  two  lights  or 
systems  of  waves,  would  evidently  interfere 
viith  or  neutralize  each  other ;  and  theu-  lumi- 
nifei'ous  energy  would  be  nil. — Having  caught 
firm  hold  of  these  principles,  let  us  return  to 
Fresnel's  experiment,  and  the  diagram,  fig.  1. 
The  complexity  arising  from  intermediate  action 
by  the  two  mirrors  may  be  got  rid  of,  in  this 
wise :  their  acts  of  reflexion  have  no  other  mean- 
ing than  that  they  send  light  to  the  spaces  in 
front  of  them,  exactly  as  it  would  have  been 
sent,  had  it  been  propagated  by  the  two  pouits 
p  and  p' — the  two  images  of  the  bright  focal 
point  F.  Suppose  then,  waves  of  light  propa- 
gated downwards  from  p  and  p',  and  let  the 
crests  of  these  waves  be  represented  by  the  dark 
circular  lines  below,  while  their  troughs  are 
indicated  by  the  intermediate  dotted  lines.  Bi- 
sectmg  p  P'  in  h,  and  drawing  l  1/  perpendicular 
to  pp',  we  shall  have  a  line  ll',  along  which,  it 
is  very  clear  that  o-est  must  always  meet  crest, 
and  trough  meet  trough,  because  every  point  in 
it,  is  equidistant  from  p  and  p'.  Through  the 
point  B  therefore  a  bright  band  must  pass.  Take, 
on  the  other  hand,  a  point,  s,  on  either  side  of  r., 
where,  as  marked  in  the  diagram,  crest  meets 
trough,— m  otlier  words,  where,  p  s— p' s,  is  equal 
to  one-half  of  an  undulation,— that  will  mark 
a  band,  or  fringe  of  interference  or  heutralizalion ; 
or  a  dark  fringe.  Inspection  of  the  diagram 
will  now  readily  convince  tlie  intelligent  reader, 
that  there  must  be  an  alternation  of  dark  and 
light  fringes  on  cither  side  of  b  ;  and  that  Ihcy 
must  diminish  in  distinctness,  if  they  arc  received 
on  a  plane  surface— The  foregoing  clearly 
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understood,  the  special  problems  of  diffraction 
receive  an  easy  solution. 

(2.)  Diffraction;  Special  Phenomena  of,  and 
Special  Explanation. — So  soon  as  the  reader  hat 
formed  a  distinct  conception  of  the  mode  of  pro- 
pagation by  waves,  and  of  the  notion  of  Inter- 
ference,  he  will  discern  that  disturbances  in  what 
may  be  termed  the  rectilineal  propagation  of 
hght,  may  readily  occur  when  an  obstacle  of 
any  kind  is  placed  in  the  way  of  a  wave.  A 
slight  consideration  indeed  of  the  probable  con- 
sequences of  the  interposition  of  an  obstacle  in 
front  of  a  wave  propagating  through  a  pool  of 
•water,  can  scarcely  fail  to  suggest  the  reflection 
which  first  revealed  to  Dr.  Thomas  Young  the 
origin  of  the  phenomena  of  Diffraction.  Instead, 
however,  of  resting  on  merely  general  considera- 
tions, we  shall  at  once  expose  the  principle  that 
led  Fresnel  to  a  sufficient  and  comprehensive 
theory  of  the  details  of  the  subject.  "  The 
vibration  or  oscillation  existing  at  any  point  of  a 
wave,  may — according  to  the  French  geometer — 
he  considered  as  the  resultant  or  the  sum  of  all 
the  motions  propagated  towards  it,  by  every  point 
of  the  wave  in  any  antecedent  condition."  In 
other  words,  if  f  be  the  luminous  point,  x  z  x' 
a  section  of  the  wave  at  any  moment,  —  the 
oscillation  or  velocity  of 
the  point  p,  may  be  sup- 
posed due  to  the  motions, 
or  velocities  propagated 
towards  it  by  every  point 
in  the  wave  x  z  x'.  This 
fundamental  proposition  is 
self-evident.  It  may  seem 
a  complex  and  artificial 
statement  of  a  simplex, 
truth ;  but  it  is  the  mode 
of  putting  the  case  which 
best  permits  of  the  actual 
consequences  being  de- 
duced. Further:  Fresnel 
saw  that  all  considera- 
tion of  the  eflect  on  p,  of 
points  in  the  wave,  not 
in  the  immediate  neigh- 
bourhood of  z,  might  be 
dismissed  at  once.  Any 
set  of  remote  points  — 
for  instance  A,  m,  c,  &c., 
may  always  be  taken  so,  that  their  succ 
distances  from  r  difter  by  half  an  undulation: 
which  account  the  motion  produced  by  thorn,  or 
the  waves  transmitted  by  them  to  p,  will  evi- 
dently neutralize  each  other  at  p,  or  produce  no 
positive  wave.  The  actual  oscillation  of  r 
therefore,  with  rigorous  accuracy,  be  refcrrcil 
solely  to  the  oscillation  of  the  point  z,  and  of 
points  in  its  immediate  vicinitj- :  and  the  j^rac- 
tical  question  is,  in  what  manner  will  thes^' 
points — under  various  circumstances — act  upo" 
p  and  its  ncighbouriiood  ?  The  circumstance.- 
with  which  we  are  now  concenied,  are  the  inter- 
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ition  of  obstacles  in  the  way  of  the  wave,  or 
1  cutting  off,  in  various  manners,  of  the  action 
ocertain  numbers  of  the  points  near  z,  upon 
its  near  p.    Let  us  treat  the  phenomena,  by 

Bulging  them  into  classes  I.  Imagine  a 

Ben,  V  z,  interposed,  so  that  the  whole  of  one 
3  of  the  wave  x  z  x'  be  intercepted  by  it 
It  is  plain  that  upon  anj 
distant  point  p',  no  effect 
will  thus  be  produced, 
because  its  oscillations 
must,  as  we  have  seen, 
be  determined  by  the  os- 
cillations of  the  points 
close  to  the  unaffected 
part  of  the  wave  at  z', 
Fringes,  or  whatever  else 
shall  be  developed  by  the 
interposition  of  the  obs 
tacle  or  screen  v  z,  can- 
not therefore  extend  far 
from  p : — but  what  must 
be  the  condition  of  p",  a 
point  quite  near  p  ?  This 
wUI  be  readily  under- 
stood by  aid  of  our  next 
figure.  Suppose  x  z  x', 
a  small  portion  of  the 
wave  propagated  from 
,  — a  portion  so  small 
I  all  points  of  it  act  in  producing  the  oscilla- 
I  of  p';  in  other  words,  in  illuminating  p. 

Let  the  total  action  of  one-half 
of  it  be  called  1 ;  then  the  whole 
light  received  by  p,  or  the  total 
action  of  both  sides  of  the  wave, 
will  be  2.  Neglect  at  present 
the  action  of  the  side  x  z' : 
and  aroimd  p,  as  a  centre, 
•with  the  radius  p  z,  describe  an 
arc  z  K.  Next  take  a  set  of 
J  ^  points  B,  s,  b',  s',  &c.,  so  placed 
that  BT,  st',  b't",  s't",  &c., 
shall  represent  the  lengths  of 
half  an  undulation,  a  whole  un- 
dulation, an  undulation  and  a- 
half,  two  undulations,  &c.  Two 
propositions  will  be  accepted  at 
once:— first,  that  z  b  must  be 
greater  than  b  s ;  b  s  greater 
than  s  p/;  s  b'  greater  than  b' s', 
and  so  on : — and,  secondly,  that 
while  the  action  upon  i',  of  the 
points  in  every  separate  arc, 
.  z  B,  B  s,  s  b',  b' s',  &c.,  may 

■msidered  as  according,  the  action  of  the 
I Z  B  must  be  discordant  with  that  of  the 
» B  8 ;  B  8  discordant  with  the  arc  s  b'; 
"  discordant  with  b's',  &c.;— the  arcs  next 
other  will  be  in  discord,  while  alternate 
or  those  separate  from  each  other  by  an 
mediate  arc,  will  be  in  accordance,  in  so 
13  their  action  on  p  is  concerned.  More 
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definitely,  if  one  set  of  these  according  arcs 
transmits  to  p  the  crest  of  a  wave,  the  other  set 
wUl,  at  the  same  moment,  transmit  a  trough. — 
The  total  effect  on  p,  or  the  condition  of  p  with 
regard  to  light,  must,  if  the  foregoing  considera- 
tion be  correct,  evidently  depend  on  the  differ- 
ence of  the  sums  of  the  actions  of  the  two  sets  of 
accordant  arcs :  i.e.  one  set  of  actions — let  us 
say,  a  wave's  crest,  being  due  to  z  b,  s  b',  s'  b", 
&c.,  and  another  set  of  actions,  or  a  trough,  to  bs, 
b's',  b"s",  &c.,  the  actual  oscillation  of  p  will 
depend  on  the  difference  of  the  two :  if  the  dif- 
ference is  o,  p  will  be  at  rest :  if  the  former  set 
are  more  powerful,  p  will  be  in  crest,  and  if  the 
latter,  p  will  be  in  trough.    But  since,  as  we 
have  seen,  these  arcs  are  unequal  in  length — 
their  lengths  diminishing  as  they  recede  from  z 
— although  the  sum  of  z  b,  s  b',  &c.,  will  be 
greater  than  z  b  alone,  the  entire  sum  or  the 
amount  of  both  series,  must  be  less  than  z  b 
alone: — in  other  words,  the  action  of  the  entke 
arc,  which  we  have  valued  at  1,  rrncst  be  less 
than  the  action  of  the  partial  arc  z  b.  The 
student  will  now  be  prepared  to  accept  the 
following  conclusions  —  (1.)  Should  a  screen 
intercept  the  whole  of  the  semi-undulation  z  x', 
the  point  p  would  be  acted  on,  or  illuminated  by 
the  semi-wave  xz', — i.e.  it  would  receive  the 
entire  light  developed  as  1 — (2.)  If  the  edge  of 
a  screen  is  pushed  inwards  as  far  as  b,  the  point 
p  will  receive  light  1,  and  the  light  also  from 
z  b,  which,  as  we  have  seen,  is  more  than  1. 
The  entire  light  falling  on  p  will  therefore  be 
more  than  2  ;  as  p  will  seem  hrighter  than  if  the 
screen  did  not  exist. — (3.)  If  the  screen  is  at  s, 
intercepting  s  x',  the  light  received  by  p  will  be 
1  -\-  (z  B — b  s), — the  action  of  b  s  being  nega- 
tive or  discordant ;  so  that  although  the  screen 
is  farther  from  it  than  before,  the  point  p  will 
appear  darker.     An  effect  precisely  opposite 
must  foUow  when  the  screen  is  removed  to  b'  : — 
in  short,  by  gradually  withdrawing  the  screen, 
by  definite  intervals  or  steps,  the  point  p  may 
be  endowed  alternately  with  a  greater  or  less 
amount  of  light,  than  it  would  have  if  the  screen 
did  not  exist.    But  if  the  screen  be  supposed 
immovable,   and  the  point  p  to  change  its 
distance,  the  results  mil  be  equivalent:  from 
which  it  follows,  that  beyond  the  geometrical 
shadow  of  any  opaque  body  or  screen,  there 
must  alwaj-s  be  found  a  series  of  altei-nating 
dark  and  bright  lines  or  fringes,  parallel  to  the 
edge  of  that  body; — which  fiinges  arc  the  first 
and  simplest  class  of  the  phenomena  of  diffrac- 
tion.— It  will  be  observed  that  the  explanation 
now  given  proceeds  on  the  supposition,  that  we 
are  dealing  throughout  with  tlie  same  sort  of 
undulations,  or  that  the  h'ght  diffracted  is  homo- 
geneous.   If  the  light  be  not  homogeneous,  but, 
let  us  saj',  tlio  ordinary  sheaf  of  rays  constituting 
the  solar  beam,  other  results  must  occur.  Tho 
position  of  the  alternating  dark  and  bright 
points,  with  regard  to  the  point  p,  clearlj'  de- 
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pending  on  the  length  of  the  undulation,  it  is 
manifest  that  undnhitions  of  ditTerent  lengths 
will  give  rise  to  separate  series  of  dark  and 
hright  points,  at  different  distances  from  p.  In 
other  words,  the  compound  solar  ray  will  be 
decomposed  by  diffraction;  and  instead  of  an 
alternation  of  simple  dark  and  bright  bands,  we 
shall  necessarily  have  a  succession  of  spectra. 
This  is  the  feature  which  bestows  on  all  this 
class  of  phenomena  so  peculiar  a  brilliancy :  its 
cause  having  now  been  indicated,  we  cannot 
again  refer  to  it,  because  of  the  limits  of  this 
article.  —  II.   The  next  peculiar  or  critical 
phenomenon  due  to  diffraction  consists  in  this : 
if  a  narrow  opaque  body  be  placed  within  a  cone 
of  rays,  issuing  from  a  bright  point,  a  set  of 
fringes  will  be  formed,  extending  from  either  side 
WITHIN  the  limits  of  the  geometrical  or  true 
shadov).   We  shall  easily  reach  the  cause  of  this, 
by  aid  of  the  subjoined  figure. — Let  f,  as  before, 
be  the  bright  point  or  focus  of  the  rays,  t  t'  the 
opaque  screen,  g  g'  the  limits  of  the  shadow, 
and  X  T  t'  x'  a  section  or  front  of  the  wave  pro- 
ceeding from  F ;  the  question  is,  what  will  occur, 
or  what  motion  will  be  propagated  to  p,  any 
point  within  g  g  ?    There  cannot  be  a  doubt 
that  the  phenomenon  is  due  to 
some  operation  akin  to  that 
already  analyzed ;  for  if  one 
side  of  the  wave  t'  x'  be  inter- 
cepted by  another  screen,  the 
dark  and  -white  bands,  or  the 
fringes,  will  at  once  disappear. 
How  then  is  an  interference 
produced  hj  the  action  of  one 
side  of  the  wave  upon  the  other 
side  of  it,  in  as  far  as  tlie  point 
p  is  concerned  ? — On  each  side 
of  the  wave,  talce  the  points 
A,  B,  c,  D,  and  a',  b',  c' d',  so 
that  the  lines  p  a,  p  b,  p  c,  p  d, 
ma}'  differ  from  each  other  by 
half  the  length  of  an  undu- 
lation, and  tliat  the  same  may 
be  the  case  with  p  a',  p  b',  p  c', 
&c.    Let  us  now  inquire  what 
:Fig.  6.        line  may  represent  the  direc- 
tion along  which  all  the  motions  propagated 
by  the  arcs  t  a,  a  n,  b  c,  &c.,  might,  if  com- 
pounded, be  supposed  to  act  on  p.     Since  the 
arcTA  is  greater  thsm  the  arc  a  u,  and  since 
it  also  lies"  more  directhj  or  less  obliquely  in 
re"-ard  of  P,  it  is  clear  that  its  positive  effect 
wfu  quite  overbalance  the  negative  effect  of 
AB-   so  that  their  combined  effect  must  be 
positive,  or  what  is  the  same  thing,  they  must 
togetlier  send  a  defmite  quantity  of  light  to  p. 
Similar  considerations  wiU  show  —  smce,  viz.: 
the  other  arcs  go  on  diminishing  in  size  and 
increasing  in  obliquity— that  the  resultant  of  the 
action  of  all  the  arcs  taken  together  must  lie 
along  such  a  line  as  PR  within  ta,  and  that 
the  portion  of  light  s:nt  to  r,  along  p  h,  will 
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depend  on  the  breadth  of  tlie  screen,  its  distance 
from  the  luminous  point,  and  the  position  of  the 
point  p  witliln  the  geometrical  shadow.  Exactly 
in  the  same  way,  the  total  action  of  tlie  arc 
t'  x'  may  be  represented  by  au  undulation, 
transmitted  from  t'  a'  along  the  resultant  p  r'  ; 
so  that  the  condition  of  p,  as  to  undulation,  will 
depend  on  the  effect,  on  each  other,  of  the  motions 
transmitted  along  p  it  and  p  k'.  (We  omit,  as 
too  abstruse  for  this  paper,  any  discussion  of  the 
intensity  of  the  vibration  transmitted  along  these 
resultants.)  Thus  much  understood,  the  neces- 
sity of  fringes,  or  of  dark  and  bright  bands,  be- 
comes readil}'  apparent.  First,  at  the  point  y 
in  the  axis  of  the  shadow,  the  lines  p  r,  p  r' — 
which  then  are  y  r  y  b'  —  being  equal,  the 
transmitted  undulation  must  be  in  the  same 
phase ;  i.e.  the  central  band  of  the  shadow  must 
be  a  bright  band.  Secondly,  as  p  diverges 
from  Y-,  towards  either  side,  the  lines  p  r,  p  e' 
\n\\  become  more  and  more  unequal :  at  length 
a  position  will  be  reached  by  p  at  which  they 
ditier  by  half  an  undulation ;  in  other  words,  the 
position  of  a  dark  band.  A  dark  band  therefore 
will  be  found  on  either  side  of  the  central  bright 
band.  Thirdly,  as  p  diverges  stiU  farther,  the 
difference  of  p  r  and  p  e'  will  farther  increase, 
and  must  soon  reach  the  length  of  a  whole  undu- 
lation; in  other  words,  next  to  the  aforesaid 
dark  baud  on  either  side,  a  bright  band  or  point 
must  be  found:  and  so  on  alternately,  just  as 
these  phenomena  actually  appear. — It  is  a  suffi- 
ciently singular  consequence  of  this  peculiar 
mode'  of  diffraction,  that  if  a  small  opaque  cir- 
cular disc  be  placed  within  a  cone  of  raj  s,  the 
centre  of  the  shadow  of  the  disc  will  be  illumi- 
nated, as  if  the  disc  had  been  transparent.— IIL 
Very  remarkable  phenomena,  due  to  the  same 
class  of  causes,  occur  when  a  beam  cf  light 
passes  through  a  narrow  aperture,  such  as  b  b'. 
Our  limits  oblige  us  to 
leave  the  student,  as  to 
the  operations  in  question, 
simply  with  the  annexed 
figure ;  but  the  deductions 
already  laid  before  him, 
furnish  an  easy  clue.  It 
must  snfiice  that  we  state 
successively  what  the  re- 
sults are.  The  geometri- 
cal representation  of  the 
aperture  on  the  screen 
ought,  of  course,  to  be 
bright:  but  there  are /rm- 
grs  exterior  to  it,  or  pene- 
trating within  the  dark 
space;  and  inferior  fringes, 
or  fringes  that  variegate, 
and  in  so  far  obscure  the  5. 
briglit  space.  (1.)  When 
the  aperture  is  extremely 
narrow,  these  exterior  frin 


gcs  arc  discerned ;  but  as  it  often  happens  thsi 
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se  immediate  neighbourhood  of  the  aperture, 
{ get  mixed  up  with  the  interior  system,  it 
BEcessary,  in  order  to  observe  them  purely, 
t  the  shadow  be  received  on  a  screen  at  a 
iderable  distance.  Their  laws,  which  are 
•us,  were  first  deduced  from  Fresnel's  funda- 
l  doctrine,  by  Biot  and  Pouillet.  (2.)  It 
liflScienfly  evident,  that  in  all  such  cases, 
idor  fringes  must  be  produced;  and  the 
nry  is  beautifully  verified  by  an  experiment 
lee  reverse  of  the  one  alluded  to  in  the  pre- 
s  i  section — viz. :  that  a  beam  of  light  pass- 
dthrough  a  narrow  circular  aperture,  shows 
rrk  spot  in  the  centre  of  its  projection  on  a 
tn. —  In  the  cases  now  mentioned,  as  in 
ys  already  alluded  to,  the  purity  of  the 
tEts  depends  on  the  homogeneity  of  the  light 
troyed.  In  aU  other  circumstances,  coloured 
and  even  spectra,  often  of  great  brilliancy, 
irodnced. — IV.  Many  interesting  questions 
rected  -vvith  diffraction  have  not  been  touched 
litis  article;  for  instance,  the  inquiry  as  to 
Wyperbolic  paths  of  these  fringes  in  space, 
i  traced  backwards  from  the  edge  of  the 
Dae  body ;  and  still  farther,  the  case  of  inter- 
nee by  reflexion,  or  those  phenomena  of 
TT  produced  by  striae  on  polished  surfaces, 
hhich  the  discoveries  and  researches  of  Sir 
dd  Brewster  have  bestowed  so  fresh  and 
Siiar  an  interest. — The  space  that  remains  to 
ranst  be  occupied  by  a  brief  reference  to  a 
c  of  those  briUiant  results  so  carefully 
Effid  by  Frauenhofer — the  effects  of  diffraction 
I  the  ray  passes  through  a  delicate  net-worh. 
ipg  the  simplest  case  of  a  system  of  narrow 
nngs,  such  as  below,  it  is  clear  that  various 
sets  of  openings  may  be  made 
out  of  it ;  for  instance,  two  par- 
allel sets  crossed,  will  form  an 
extremely  delicate  set  of  square 
holes,  &c.,  &c.  If  the  parallel 
system  be  employed,  and  the 
light  which  has  passed  through 
the  eye  of  the  spec- 
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mined  by  a  telescope. 
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fi  U  dazzled  by  that  series  of  magnificent 
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spectra  of  diffraction  already  described  (page 
174).  If,  by  crossing  two  parallel  systems,  a 
set  of  square  holes  is  produced,  the  spectator 
beholds  a  circular  figure,  of  which  the  preceding 
diagram  is  a  quadrant  (fig.  9),  in  which  the  white 
rectangular  figures  are  spectra,  more  or  less 
elongated,  but  exceeding  brilliant.  If,  again, 
a  set  of  small  round  apertures,  close  on  each 
other,  be  employed,  the  subjoined  still  more  re- 
markable appearance  bursts  on  one's  sight — 


Fig.  10. 

each  oval  space  being,  as  before,  a  complete  and 
dazzling  spectrum.  But  experiments  of  this 
sort  may  be  infinitely  varied ;  and  they  never 
fail  to  bring  new  pleasures  to  the  inquirer. — 
We  refer  the  student  further  to  articles  on  thin 
and  thich plates— see  Plates. 

(3.)  Diffraction ;  Exemplified  in  Natural  Pheno- 
mena—Certedn  practical  and  natural  results  of 
diffraction  are  too  important  to  be  passed  with- 
out notice — I.  Several  curious  appearances  in 
the  foci  of  telescopes  are  attributable  to  this 
cause.  (1.)  If  the  telescopic  image  of  a  fixed 
star  is  examined  by  a  magnifying  power  exceed- 
ing 200,  we  discern  first  a  circular  disc  with 
perfectly  clean  cu-cumference ;  and  secondly, 
around  this  disc  a  system  of  dark  and  bright 
rings,  with  slightly  coloured  edges.  Diminish 
the  opening  of  the  object-glass,  by  a  diaphragm 
in  front  of  it,  and  the  image  of  the  star  augments 
until  it  assumes  the  aspect  of  a  planet— the  rings 
enlarging  at  the  same  time,  and  becoming  more 
distinctly  coloured,  manifesting  well  pronoimced 
shades  of  white,  red,  black,  and  blue.  Arago 
observed,  further,  that  if  the  eye-piece  be  gradu- 
ally pushed  in,  the  disc  darkens  at  its  centre, 
becoming  at  last  quite  black :  as  the  eye-piece  is 
pushed  farther  inwards,  the  black  centre  en- 
larges; then  a  luminous  point  appears  at  its 
centre;  and  this  bright  point,  enlarging  in  its 
turn,  comes  to  manifest  a  central  dark  point, 
which  also  goes  through  similar  changes.  Also, 
if  the  eye-piece  is  fixed  for  a  short  lime  at  a 
position  showing  an  image  with  a  dark  centre, 
and  if  this  image  be  closely  inspected,  a  brilliant 
point  will  ever  and  anon  biu-st  out  within  tlie 
obscure  disc,  and  then  suddenly  disappear. 
This  latter  [jhenomenon,  however,  occurs  only  in 
the  case  of  scintillating  stars.  See  Scintillv- 
TiON.  —  (2.)  Sk  John  Herschel  has,  by  ingeni- 
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ous  experiments,  added  considerably  to  our  know- 
ledge of  this  curious  subject:  he  placed  dia- 
phragms of  various  shapes  in  front  of  the  object- 
glass,  and  obtained  thereby  the  following  curi- 
ous results.  First,  with  a  diaphragm  or  open- 
ing shaped  as  an  equilateral  triangle,  the  an- 
nexed figure  gives  the  image  the  star :  i.e.  the 


Fig.  11. 

disc  of  the  star  surrounded  by  a  dark  ring,  and 
six  straight  rays,  thin,  but  sufficiently  brilliant. 
Three  of  these  rays  point  to  the  angles  of  the 
triangular  diaphragm;  three  to  the  middles  of 
its  sides.  If  the  eye-piece  be  slightly  pushed  in, 
the  figure  changes  into  this: — 


Fig.  12. 

Secondly/,  an  aperture  fonned  by  the  interval 
between  two  concentric  squares,  gives  the  sub- 
joined curious  appearance : — 


Fig.  13. 

And,  thirdly,  from  an  assemblage  of  small  equi- 
lateral triangles  regularly  arranged,  an  imago 


Fig.  14. 

like  that  of  fig.  11  is  obsei-ved,— an  image  com- 
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posed  of  a  series  of  circular  discs,  arranged  along 
six  symmetrical  and  equal  raj's,  which  unfold 
the  brilliant  colours  of  the  spectrum. — The  wliole 
of  these  curious  phenomena,  and  many  otlieri 
like  them,  issue  fi'om  interference,  —  the  rays 
being  diffracted  by  the  edges  of  the  diaphragm. 
—  11.  A  very  large  class  of  the  phenomena 
of  optical  meteorologj',  are  referable  to  Diffrac- 
tion : — we  shall  specify  only  Crowns  or  Corona, 
and  Anikelia;  phenomena  already  described 
under  the  proper  articles.  —  These  corona 
or  concentric  coloured  circles,  surrounding  the 
sun  and  moon,  present,  in  regard  of  their 
colouring,  the  characteristic  of  all  phenomena  of 
difl'raction,  viz.:  the  exterior  part  of  the  spec- 
trum is  red;  the  interior,  violet.  The  diameters 
of  the  several  circles  increase,  as  the  numbers  1, 
2,  3,  4,  &c., — a  law  discerned,  as  necessary-,  oy 
Young,  and  recently'  confirmed,  by  delicate  ob- 
servation, by  M.  Delezenne,  of  Lille.  The 
doctrine  of  interference  easily  explains  this  law. 
The  production  of  corona  may  be  illustrated 
experimentally  in  the  following  easy  way. 
Cover  a  piece  of  glass  with  dust  of  lycopodium, 
and  look  through  it  at  the  sun,  the  moon,  or 
even  the  flame  of  a  candle, — superb  coronm  will 
immediately  appear.  Now,  this  is  the  exact 
process  in  nature : — natural  coronoe  being  formed 
whenever  we  look  at  these  luminaries  through  a 
great  number  of  small  spheres  or  globules  of 
water,  of  a  uniform  or  nearly  uniform  diameter, 

 globules  placed  between  us  and  the  sun  by 

the  agencj'  of  a  peculiar  cloud.    The  apparently 
paradoxical  optical  principle  which  these  globules 
bring  into  operation,  will  now  be  readily  under- 
stood :  it  is  simply  this ;  if,  slightly  beyond  the 
line  joining  the  eye  and  a  luminous  point,  a 
small  opaque  body  be  placed,  its  effect  will  be 
precisely  the  same,  as  that  of  a  similar  op< 
illumined  by  the  incident  light ;  so  that  wW 
ever  the  degree  of  the  body's  apparent  op.acitr, 
in  that  same  degree  it  produces  an  actual  illu- 
mination.   This  indubitable  and  fertile  prin^ 
readily  explains  a  singular  phenomenon  descrif 
by  Necker  of  Geneva.    If  the  sun  rises  beh 
a"  hill  covered  with  trees  or  brushwood,  a  s] 
tator  in  the  shadow  of  the  hill,  and  quite  near 
line  of  the  solar  rays,  sees  all  the  small  bran^ 
projected  on  the  sky,  not  opaque  or  black, 
on  the  contrary,  white,  silvery,  and  brillianti 
if  the  vegetation  were  really  composed  of  sil<' 
The  same  theory  of  Interference  also  expT" 
the  aspect  of  those  globules  floating  in  the 
when  a  ray  of  the  sun  penetrates  a  dark  — 
likewise  the  colouring  of  spider's  threads, 
thin  metallic  wires,  &c.     Cornnm  really 
around  the  sun  much  more  frequently  thau 
imagines;  but  they  cannot  be  seen  in  gcnPi 
because  of  the  dazzling  light  of  that  orb.  The: 
are  most  easily  found  on  looking  at  the  """^ii) 
of  the  sun  in 'a  mirror  blackened  on  one  aWl 
livery  transparent  cloud,  except  the  ciirus 
cirro-stratus,  produces  them ;  and  the  fogs  form 
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im  the  valleys  over  night,  and  rising  to- I  being  pulled  aside  in  one  direction  onlv 
Ms  m.d-day  to  the  tops  of  mountains,  yield  vibration  of  the  moln.nll  I 


mid-day  to  the  tops  of  mountains,  yield 
tarances  of  this  kind  of  admirable  brilliaocy. 
\nthelia,  as  already  described,  are  colours 
around  the  shadow  of  one's  head,  &c.,  when 
shadow  falls  on  a  cloud,  on  the  grass,  a 
of  corn,  or  any  other  surface  covered  with 
&c.    Bouguer  first  observed  this  among 
CCordilleras.    Lamartine,  on  the  summit  of 
lanon,  saw  his  head  surrounded  by  a  superb 
rr;  the  same  thing  has  been  seen  elsewhere, 
kle  Corona  are  produced  by  the  agency  of 
^-milted  light,  Anthelia  are'  due  to  reflected, 
a  retrograde  transmission.    But  the  theory 
I  same :  it  is  easy  to  pass  from  the  pheno- 
of  transmission  to  those  of  reflection  or 
[grade  illumination.    The  same  formula  of 
Verence  apply  in  both  cases, 
liiflraction,   Dj-namical    Tlieory  of. 
Heading  phenomena  of  diffraction,  as  con- 
di  with  the  general  idea  of  the  undulatorv 
jr-r,  are  explained  above.    But  many  other 
much  more  difficult  problems,  start  up  on  a 
oonsideration  of  this  curious  subject.  For 
wee,  that  fundamental  one,— in  what  man- 
cccording  to  what  mathematical  and  dyna- 
1  laws,  is  each  wave  of  a  series  broken  up 
Fpasses  the  edge  of  a  diffracting  body  or 
ippon  a  small  aperture?    How  shau'we 
■Bnt  the  exact  condition  of  the  secondary 
issuing  out  of  it,  and  thus  come  to  a  com- 
mderstanding  of  all  the  details  of  the  Ulu- 
lon  m  front  of  that  aperture  ?    The  inquiry 
«een  pursued  in  all  its  general  it}',  in  a 
ible  and  very  pregnant  memoir  by  Pro- 
SStokes,  published  in  the  ninth  volume  of 
Wamactions  of  the  Cambridge  Philosophical 
a  memoir  containing,  besides,  exceed- 
imterestmg  contributions  to  general  dyna- 
1  It  is  not  witiiin  reach  of  this  cvclopadia 
more  than  make  reference  to  such  memoir- 
aere  is  one  part  of  Mr.  Stokes'  investiga- 
■ianng  so  closely  on  an  important  question 
■iience  to  the  general  theory  of  light,  and 
•resting  at  the  present  moment,  that  it 
icumbent  to  treat  it  in  some  detail  —The 
y  who  has  at  all  looked  into  modern  specu- 
nregardmg  light,  does  not  require  to  be 
«cl  that  the  vibrations  of  the  molecules  of 
•wave  are  supposed  to  take  place  trans- 


^  ^   „  uuccLiuu  only.  The 

vibration  of  the  molecules  in  a  plane-polarized  rav 
must  thus  be  all  parallel  to  some  one  fixed  trans- 
verse hue;  and  the  question  that  remains  is,  to 
what  line  are  they  parallel?    Are  they  parallel 
to  the  plane  of  polarization  itself,  or  perpendi- 
cular to  it?.   Now  this  is  no  mere  curious  ques- 
tion but,  on  the  other  hand,  closely  connected 
with  our  notions  of  the  habitudes  of  the  light- 
ether  under  different  circumstances.     But  the 
most  eminent  physicists  differ  in  their  conclu- 
sions-Fresnel  and  Cauchy  holding  ultimatelv 
by  the  theory  of  perpendicular  vibrations,  while 
MacLullagh  maintained  the  opposite  hvpothesis  ■ 
nor  was  any  effort  made  to  discover  kn  experi- 
mentum^  crucis,  previous  to  these  researches  on 
diffraction  by  Mr.  Stokes.     His  method  was 
simple.     Suppose  that  a  plane-polarized  rav 
reaches  a  grating  in  a  direction  perpendicular  t"o 
the  plane  of  the  gi-ating,  it  is  not  difficult  to  dis- 
cover the  plane  of  polarization  of  the  diffracted 
ray and  the  plane  of  polarization  of  the  incident 
ray  is  of  course  also  known.    Now  the  foUowuitr 
theorem  holds,— if  the  angles  between  the  plane 
of  polarization  of  the  diffracted  rays  and  the  lines 
of  the  grating  be  less  than  the  angle  between 
the  same  lines  and  the  plane  of  polarization  of 
the  incident  ray,  then  the  vibrations  must  be 
parallel  to  the  plane  of  polarization ;  if  the  con- 
trary obtains,  the  vibrations  must  be  perpendi- 
cular to  that  plane.    Mr.  Stokes  performed  the 
experiment  by  aid  of  a  fine  glass  grating,  on 
which  parallel  lines  were  ruled  of  1,300  to  the 
inch ;  and  the  issue  seemed  decisive  in  favour  of 
the  latter  h3'pothesis,  or  Fresners.    But  doubts 
so  grave  have  since  then  supervened,  that  the 
important  question  must  still  be  considered  un- 
settled     One  of  the  most  experienced  physicists, 
M.  Holzmann,  resumed  the  inquu-y  in  1856,  on 
the  ground  of  Mr.  Stokes'  theory-performing 
the  experiment,  also,  with  a  slight  modification 
He  did  not  use  a  gradng  made  bv  diamond  lines 
on  glass— to  which  he  objects,  as  having  irregular 
edges-but  one  of  Schwerdt's  lamp-black  grat- 
ings ;  and  he  maintains,  as  a  determinate  result 
that  thQ  mbration  of  light  occurs  in  the  plane  of 
polarization.    It  is  the  earnest  wish  of  all  phv- 
sicists  that  Mr.  Stokes  should  find  leisure  for 
resumption  of  the  investigation.     If  the  two 
conclusions  are  incapable  of  being  harmonized, 
at  least  we  may  expect  to  discover  the  causes  of 
their  conflict.  Nor  can  the  unsettled  state  of  sucli 
a  question  be  regarded  otherwise  than  as  a  seri- 
ous blot  on  theundulatory  theory,  as  it  at  present 
stands. 

B>ifla8ion  of  r^iglit  and  of  Meat ;  I>if- 
iTuBivc  Power.  Oil  analyzing  what  is  termed 
tiie  7-eflecting  power  of  bodies,  with  regard  to 
Light,  it  is  found  that  a  very  important  dis- 
tmction  requires  to  bo  made.  A  total  or  pure 
reflection  of  light,  for  instance,  from  tlie  surface 
of  any  body,  would  convey  to  the  onlooker  no 
conception  ^vhatover,  eitlier  of  the  size  or  colour 


wave,  or  to  its 


kto  the  length  of  the 
"jng  course:  they  are  not  like  waves  of 
*ut  like  the  vibrations  of  a  musical  string 
' '  In  the  same  manner,  in  the 

«a  ray  of  covimon  or  mpolarized  rav  of 
je  vibrations  take  place  at  the  same 
nlf  "Tr"''  d.reciions-just  as  when  a 
n  moved  from  its  repose,  not  by  one  pull 
IJ  by  a  great  number  of  pulls  in  all  di'ec- 
rfn  the  ca.se,  on  the  other  hand,  of  what 
l^r^l^-P^f^nzed  ray,  these  vibrations 
B«ce  in  one  transverse  direction  only_as 
'  tendent  string  is  made  to  vibrato  by 
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(if  the  reflecting  substance;  the  only  result  would 
be,  a  perfect  presentation  of  the  source  of  the 
incident  beam, — its  direction  from  the  eye  being 
ail  that  would  be  altered  by  the  reflection.  But 
by  aU  mirrors — even  the  most  perfectly  polished, 
more  is  done  than  that; — the  eye  which  notices 
the  reflexion,  notices  also  the  form  of  the  mirror, 
and  in  some  degree  its  colour  also.  Besides  the 
pure  geometrical  reflexion,  therefore,  the  inci- 
dent beam  undergoes  other  two  distinct  opera- 
tions. First,  there  is  an  irregular  reflexion  in 
all  directions,  from  the  inequalities  of  the  siu-- 
face  of  the  mirror,  dispersing  incident  light  on 
every  side,  and  revealing  the  mirror's  form ;  and 
secondly/,  there  is  a  diffusive  power  which  dis- 
perses also  in  all  directions  a  portion  of  the 
incident  light  after  having  altered  it,  or  after 
having  impressed  upon  it  that  special  colouring 
depending  on  the  nature  of  the  body.  In  article 
Colours,  reference  has  been  made  to  the  ditH- 
culties  connected  with  this  question  of  the 
natural  coloui-s  of  bodies :  it  is  sufficient,  there- 
fore, to  give  here  a  simple  definition  of  the  term 

diffusion  of  light  Now,   what   occurs  with 

regard  to  Light,  happens  also  with  reference  to 
Heat  :  but  certainly  the  difficulty  of  determin- 
ing exactly  how  much  of  the  efficacy  which  is 
not  absorbed  is  dispersed  by  iiTcgular  reflexion, 
and  how  much  by  such  diffusion,  is  not  dimin- 
ished in  the  latter  case.  The  endeavour  to 
reach,  such  a  determination  has  occupied  the 
weU  known  Melloni.  It  is  quite  established, 
for  instance,  that  a  white  matted  surface  reflects 
much  more  (or  absorbs  much  less)  than  a 
blacked  suj-face:  but  the  question  is,  in  what 
manner  is  the  light  reflected  sent  away  ?  Mel- 
loni conceives  that  there  is  at  once  a  large 
irregular  reflexion,  and  a  peculiai'ity  in  the 
amount  of  that  irregular  reflexion  depending  on 
the  nature  of  the  incident  ray  of  heat — in  other 
words,  a  true  diffusive  power : — it  requires, 
perhaps,  to  confirm  his  idea,  that  the  nature  of 
the  dispersed  rays  be  minutely  examined,  so  that 
it  be  determined  whether  they  correspond  in 
natm-e  with  the  incident  rays,  or  have  acquii-ed 
new  properties  ? — Melloni  further  spealcs  oi  a 
.supposed  diffusion  of  heat  by  ti-ansmission,  that 
is,  when  the  rays  emerge  through  an  unpolislied 
surface,  when  they  are  issuing  fi'om  a  diather- 
manous  or  thermanizing  substance.  It  does  not 
appear,  however,  that  the  rays  issuing  in  this 
Avay  from  a  rough  surfVice  of  rock  salt  or  glass 
differ  from  tlie  rays  issuing  from  polished  sur- 
faces of  these  substances :  i.e.,  those  issumg  from 
a  polished  siu-face  of  rock  salt  have  all  the 
characters  of  the  source  from  which  tliey  eman- 
ated, while  those  issuing  from  gl.'iss  are  merely 
thermanized,  as  they  ought  to  be:  no  change. 
Therefore,  is  impressed  on  tliem  by  the  rougli 
surface,  except  change  of  direction:  but  tlio 
astonishing  fact  is,  tliat  a  rougli  face  of  rock 
salt  blacked  by  smoke,  does  not  impress  on  the 
emergent  rays  any  deviation  whatever  in  point  of 
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direction. — The  student  is  especially  referred  to 
a  remarkable  memoir  hy  Knoblauch,  in  Taylor's 
Scientific  Memoirs.  See  also  Radiant  Heat; 
Radiation. 

DUTiision  of  ILiiquiils,  C<nM>t,  &c.  A 
term  applied  to  a  curious  phenomenon,  discovered 
first  by  Priestley,  brought  again  under  notice  by 
Dalton,  and  of  recent  years  very  fully  investi- 
gated by  Dr.  Thomas  Graham.  It  is  virtually 
this ; — let  volumes  of  two  liquids  or  two  gases, 
having  no  chemical  relationship  whatsoever,  be 
brought  into  contact  with  each  other  (if  only  by 
a  narrow  connecting  tube)  there  will  immediately 
ensue  a  flow  or  translation  of  the  two  into  each 
other,  until  the  two  separate  volumes  become 
interfused, — the  distribution  or  quantities  of  the 
two  separate  elements  depending  on  their  respec- 
tive specific  gravities.  The  student  is  especially 
referred  to  Graham's  remarkable  Memoirs  in  tlu 
Transactions  of  the  Royal  Society  of  London, 
republished  in  the  Philosophical  Magazine  during 
a  few  years  prior  to  1851. — As  to  Liquidi, 
Adolf  Fick  of  Zurich  has  recently  made  an  intfc. 
resting  attempt  to  develop  a  fimdamental  1« 
{Pogg.  Annalen,  vol.  cxciv).  Proceeding  on 
supposition  that  the  law  for  the  diffusion  ofi 
salt  in  its  solvent  must  be  identical  with 
according  to  which  the  diffusion  of  heat  in  a 
ducting  body  takes  place — the  law  on  whidi 
Fourier  founded  his  celebrated  Theory  of  He«^ 
and  which  Ohm  applied  in  determining  the  dif- 
fusion of  electricity  in  a  conductor — he  finds  thit 
the  transfer  of  salt  and  water  occurring  in  a  nriS 
of  time  between  two  elements  of  the  same  ^ 
must,  cceteris  paribus,  "  be  directly  proportioi^ 
to  the  difference  of  concentration  and  invi 
proportional  to  the  distance  of  the  elements 
one  another."  Fick  carries  out  his  fundai 
idea  by  aid  of  mgenious  mathematical  pr 
which  promise  to  co-ordinate  at  least  the 
number  of  Graham's  facts.  —  In  refereni 
Gases,  Graham  conceives  that  the  ratio  of 
sion  depends  on  the  specific  gra%-ity  of  the 
the  lightest  travelling  fastest— the  rate  of 
sion  being  exactly  as  the  square  root  of  thfi 
sity  of  the  gas.  Inquiries  as  to  this  point, 
instituted  some  years  ago  by  Bunsen  in 
junction  witli  Professor  Stegmann.  The 
has  more  recently  resumed  the  subject,  erS] 
ing  an  apparatus  and  manipulation  alike  no^ 
and  ingenious.  He  thinlts  he  has  cstabl 
tliat  the  pores  of  the  gypsum  diaphragms 
rally  used  to  separate  the  ga.'ses  in 
ments,  do  not,  as  usually  supposed,  act 
fine  openings  in  thin  plates,  or  as  ffraf 
but  as  a  system  of  capillary  tubes 
negatives  the  opinion  formerly  recei\ 
the  volumes  of  two  diffused  gases,  wIku 
fused,  are  inversely  as  the  square  roots  ^| 


densities."    The  inquiry,  however,  is  con 
edly  in  an  unfinished  state.     The  !=t"<^^"y 
referred  to  Buusen's  Gasometry,  translated 
Mr.  Roscoe.  ' 
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ilgcstcr  (Papiii's).  An  instrament  ori- 
Blly  employed  to  extract,  as  far  as  possible, 
Bnutritious  matter  from  bones.  It  is  not  for 
however,  that  we  mention  it  here.  It 
iidsts  of  a  strong  iron  vessel  in  which  water 
\  be  boiled,  and  the  lid  of  which  is  so  fixed 
a  as  to  be  nearly  as  capable  of  resisting  force 
I  within  as  the  rest  of  the  vessel  is.  Heat 
g  apphed  after  the  vessel  is  filled,  steam  is 
»ed  as  nsnal.  When  water  boils  in  ordinary 
omstances,  the  pressure  of  steam  never  rises 
e  14'7  lbs.  per  square  mch  (the  atmospheric 
aure),  nor  the  temperature  of  either  the 
rr  or  steam  above  212°  Fah.  In  the 
»ter,  if  the  lid  be  so  constructed  as  to  open 
T  a  little  less  than  would  burst  the  vessel — 
>  lbs.  of  extra  pressure  per  square  inch — we 
rraise  the  temperature  of  the  water  and  the 
aerature  and  pressure  of  the  steam  very  con- 
febly  higher.  The  principle  of  all  high 
mre  engines  is  illustrated  by  Papin's  diges- 

I  See  SjU^ety  Valve. 

Uaiation.    Increase  of  bulk.     See  Ex- 

MON. 

Uophantiiie  Analysis.  That  section  of 
neoiy  of  unlimited  problems,  which  attempts 
dd  rational  and  commensurable  values  an- 
Upg  to  certain  equations  between  squares 
ocubes.  Thus,  it  is  properly  a  problem  in 
Miophantme  analysis,  to  find  all  the  values  of 

II  y,  constituting  a;*  -\-y^  an  exact  square. 
Ishall  subjoin  methods  of  solution  for  one 
»o  of  these  unlimited  or  indeterminate  pro- 
;  I,  in  the  way  of  example.  No  general  rules 
^tment  are,  or  can  be,  laid  down: — Let 

•  7y  =  29,  it  is  required  to  find  correspond- 
Utegral  values  for  x  and  y. 

Since  5  cc  -|-  7  y  =  29 

4—2  y 
x  =  5-^-\-—  

■in  order  that  this  may  be  a  whole  num- 

•  IS  evidently  requisite  that  the  fractional 
— 2  y 

-g     shall  be  a  whole  number.    Let  then 


-=n. 

.:  4—2  y=5n 
2-j,=  2«  +  | 

Whis  may  be  a  whole  number,  it  is  necessary 
^»hat  n  shall  be  even.    Hence,  in  order  that 

II  be  an  mtegral  number,  and  x  also,  it  is 

ary  that 

-2y 


y=2~2n~-  and  a;  =  5 


-1/ 


5  ^^^^^  ^  may  be  any  even  number, 
alues  so  found  for  x  and  y  will  satisfy  the 
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oinginal  equation.— Thus  let  k  =  2,  then  y  =  2 
=  —3  and  a;  =  5  -f  3  +  2  =  10,  and 
5  +  10—7  X  3  =  29.  Again,  let  n  =  o,  then 
y  =  2,  and  x  =  5—2  =  3,  and  5  X  3  +  7  X 
2  =  29. — Next,  let  it  be  required  to  find  a 
number,  such  that  if  divided  by  3,  4,  and  5, 
successively,  the  remainders  will  be  2,  3,  and  4, 
respectively.  Suppose  that  number,  x. 
X  2 

Then  g ,  where  jo  is  a  whole  number, 

and  a;  =  3  ^  4-  2 

3 

where  g'  is  a  whole  number, 


Also  —=g-i- 
4  ' 


or 


3j>  +  2_     ■  3 

4  ^  ^4 

3j3— 1=4^ 


And  if 


2  +  1 


Let 


g  +  1 
3 
— 1. 

Hence  x  =: 


be  a  whole  number,  p  wiU  be  so. 
=  r,  then  q  =  3  r — 1  and  ^  =  4  r 

:  12  r—1,  where  >■  is  a  whole  number. 
4, 


Also  5  ~ '  ~r  5"'  ■'vl'ere  t  is  a  whole  number. 


12  r- 


6 

12  r- 


-1        ,  4 


•1  =  5  i! 4-4 
2  r 

2  r 

If  therefore-^  be  a  whole  number,  t  will  be  a 

whole  number,  and  tracing  back  the  process,  x 
will  be  a  whole  number,  and  divisible  by  3,  4, 
and  5,  with  remainders  2,  3,  and  4,  respectively! 
This  will  take  place  when  r  is  any  multiple  of  5 : 
e.ff.  let  r  =  6,  then  a;  =  12  X  5—1  =  59, 
which  number  answers  the  conditions.  Let  r  = 
10,  a;  =  119,  another  number  also  so  answering, 
and  so  on — Thirdly,  let  it  be  required  to  find  two 
square  numbers  whose  sum  shall  be  a  square, 
e.g.,  to  find  two  numbers  whose  square  roots 
might  represent  the  legs  of  a  right  angled  tri- 
angle, in  which  the  hypotenuse  is  commensurable 
to  the  legs.— Let  a;^  and  y^  be  the  numbers. 
Then  x'^-\-y^  =z'^.  Let  us  suppose  2  =  a;— 
ny,  a.  quantity  which  may  be  made  anytliiug 
we  please  by  adjusting  the  Value  of  «. 

a;2  =a;2 — 2  nxy-\-n^  y^ 

■  '.  y  =  — 2  nx  -\-  n'^y 
y         1)  =  2  nx 

  2  nx 

^~  w«— 1 

Given  any  value  of  x,  then,  y  will  be  found  by 
substitution  in  this  formula,  so  tliat  a;»  and  y"^ 
shall  be  an  exact  square.  Suppose  that  we 
wish  to  get  X  and  y  integers  also  as  well  as  z, 
2  nx 

^—i  integer,  as  it  evidently 
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■will  be  if  a;  =  n«— 1  and  n  be  an  integer.  In 
that  case  y  will  be  =  2  w  and  x  =  — 1,  there 
being  no  limitation  regarding  n  but  that  it  shall 
be  an  integer. 

Let  n  =z  1,  then  y  =  2,  a;  =  0,  and  2  =  2. 

Let  n  =  2,  then  y  =  4,x=:3,  and  2  =  5. 

Let  n  =  3,  then  y  =  6,  a;  =  8,  and  2  =  10, 
And  so  on. 

On  this  Diophantine  analysis— so  called  from 
its  discoverer  Diophantus— has  been  reared  the 
extensive  subject  of  the  Theory  of  Numbers  by 
Legendre  and  Gauss. 

Bioritrics.     The  two  changes  of  funda- 
mental "importance,  m  Geometrical  Optics,  occur 
when  a  rav  passes  from  a  medium  by  which 
it  is  readi'lv  transmitted  on  to  a  medium  by 
which   it    is    not    transmitted    but  thrown 
back;   and  when  it  passes  from   one _  trans- 
mitting medium  into  another,  different  in  kind 
from  the  first,  as,  for  example,  from  air  mto  water. 
Geometrical  Optics  treats  of  the  first,  under  the 
name  of  Catoptrics  (or  Katoptrics),  (see  Catop- 
trics,) and  of  the  second,  under  the  name  Diop- 
trics.   The  subject  of  Dioptrics,  therefore,  is  the 
transmission  of  rays  of  light  from  one  medium 
into  another,  differing  in  kind.    The  laws,  upon 
which  the  Avhole  of  Dioptrics  rests,  are  the  fol- 
lowing : — When  a  ray  of  light  passes  from  void 
space  into  any  medium,  it  is  bent  from  the 
straight  line;  but  it  proceeds  onward  in  the  plane 
which  contains  the  perpendicular  to  the  boun- 
dary of  the  medium  at  the  point  of  its  entrance, 
and  the  line  of  its  origuial  course.  Thus,  when  a 
rav  passes  from  void  space,  through  a  spherical 
piece  of  glass,  if  we  draw  a  line  perpendicular 
to  the  glass  through  the  pouit  where  the  ray 
strikes,  and  imagine  a  plane  to  pass  through  this 
perpendicular  and  the  ray,  the  light  wiU  pass 
through  the  glass  somewhere  along  that  plane. 
The  second  law  is   this :— The  sine  of  the 
angle  which  the  ray  makes  with  the_  perpen- 
dicvdar  already  described,  bears  a  definite  ratio, 
differing  for  everv  kind  of  medium,  to  the  sine 
of  the  angle  which  the  transmitted  ray  makes 
with  the  same  perpen- 
dicular, produced.  In 
other  words,  if  s  p  be 
a  ray  falling  upon  a 
glass  X  p  Y,  and  p  s' 
the  direction   of  it  y 
while  passing  through  " 

the  glass,  and  if  QPQ'  .i,       i,  „ 

be  perpendicular  to  the  surface  at  p,  then,  when 
we  take  any  point  such  as  b,  and  a  correspond- 
ing one  like  b',  equi-distnnt  with  it  from  p, 
and  draw  B A,  b' A'  at  right  angles  o  qaq, 
AB  and  A'B'  will  bear,  the  one  to  the  o  her 
a  certain  ratio,  which  can  be  experimentally 
determine<l  for  each  medium.  Certain  definr- 
tions  enable  us  to  state  the.^e  two  laws  n 
shorter  space.  The  Angle  of  incidence  of  a  ra^ 
is  the  angle  contained  between  any  given  raj 
and  the  perpendicular  to  the  bounding  surface  of 
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the  medium  into  which  it  passes,  at  the  point 
where  it  falls  upon  it.  Thus  Q  p  s  is  the  angle 
of  incidence  of  the  ray  s  p,  and  k  p  q  of  the  ray 
R  p.  The  Angle  o  f  refraction  is  the  angle  mads 
by  the  direction  of  the  transmitted  ray — as  it 
passes  through  the  new  medium  —  with  the  per- 
pendicular line  produced.  Thus  q'  p  s'  and 
Q'  p  B'  are  the  angles  of  refraction  in  the 
two  cases  respectively. 
ation  is  the  difference 
between  the  angles  of 
incidence  and  refrac- 
tion. Thus,  the  line  sp 
being  produced  to  z,  ^ 
the  angle  z  p  s'  is  the 
angle  of  deviation.  The 

dioptrical  laws  can  now  be  stated  thus : — 1.  The 
incident  and  refracted  rays  are  in  the  same  p' 
with  a  perpendicular  to  the  surface  limiting 
medium  entered.  2.  The  sines  of  the  angles  of  i 
dence  and  refraction  bear  a  certain  ratio,  const 
in  the  passage  of  any  ray  from  vacuum  into 
given  medium,  at  whatever  angle  the  limiting 
face  is  met  by  the  incident  ray.  These  laws 
absolutely  with  regard  to  homogeneoas  light, 
to  the  latter  law,  however,  the  ratio  of  which 
have  spoken,  differs  for  different  kinds  of" 
Hence,  if  a  refracting  substance,  such  as  a 
angular  prism,  of  very  finely  ground  and  veiy 
transparent  glass  be  presented  to  a  ray,  so  that 
it  may  freely  pass  through  it,  the  different  coloun 
wiU  be  separated  one  from  the  other,  and  the  ray 
s 


will  be  thrown  along  the  space  R  f,  presentin 
detail  an  appearance  Uke  that  below.  The  lines 


Uud      Oig.  yel.Grn. 


Indigo 


nivie 
Fig.  4. 

present  spaces  Avhich  appear  dark  in  the  spect 
and  the  spaces  marked  red,  orange,  &c.,  aresj 
where  rays  of  those  colours  predominate.  In  < 
to  give  an  idea  of  the  differences  in  refraction 
which  the  difterent  rays  are  subject,  we  transcn* 
the  subjoined  table  from  Herschel's  Treatise 
Light.    The  numbei-s  are  the  values  of  jvn 
is  called  the  refractive  index  (the  value  otv^  , 
sine  of  angle  of  incidence,  n^Wm'^ 
d^^^d^le  of  refract!^,     ^  ^7; 

^  ^  for  the  different  dark  lines  of  the  spectrmH* 

There  are  manv  more  of  these  lines,  but  . 
marked  by  the  cnjiital  letters  have  their  posi.  ^ 
and  refractive  indices  best  known 
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TABLE  OF  THE  REFKACTIVE  INDICES  OF  VARIOUS  GLASSES  AND  LIQUIDS  FOE  SEVEN 

STANDARD  RATS. 


Refracting  Medium. 


Flint  glass.  No.  13 


Crown  glass,  No.  9  . 


Water. 


Water,  another  experiment. 


Solution  of  potash 


Oil  of  turpentine. 


Flint  glass,  No.  3. 


I  Flint  glass.  No.  30 


( Crown  glass.  No.  13 


1  Crown  glass,  letter  M 


I  FUnt  glass.  No.  23  7 

Prism  of  60°  15' 42"  J 


Spec, 
grav. 


3  723 


2  535 


1.000 


1.000 


1416 


ObSo 


3  612 


3695 


2.535 


2.756 


3.724 


mint  glass.  No.  23  W-x^oa 

Prism  of  4.5°  23'  14"  j  I 


Values  of 


1.627749 


1.525832 


1.330935 


1,330977 
1.399629 


1.470496 


1.602042 


1.623570 
1.524312 
1.554774 


1.626596 


1.626564 


1.629681 


1.526849 


1.331712 


1.331709 
1.400515 


1.4715S0 


1.603800 


1.625477 


1.525299 
1.555933 


1.628469 


1.628451 


H-  (D)     A*  (E) 


1.635036  il.642024 


1.529587,1.533005 


1.333577  1.335851 


1.333577  a.335849 


1.402805  1.405632 


1.40S0S2 


1.474434:1.478353 


1.608494  1.614532 


1.630585  1.637356 


1.527982  1.531372 


1.559075,1.563150 

I 

1.633667  1.640495 


1.633666 1.640544 


/c*(F) 


1.648260 


1.536052 


1.337818 


1.337788 


1.'481736 


1.620042 


1.643466 


1.534337 


1.566741 


1.660285 


1.541657 


1.341293 


1.341261 


1.412579 


1.488198 


1.630772 


1.655406 


1.539908 


1.573535 
1-646756  jl.65S848 

1.646780  1.658849 


1.671062 


1.546566 


1.344177 


1.344162 


1.416368 


1.493874 


1.640373 


1.666072 


1.544684 


1.579470 


1.669686 


1.069C80 


lee  full  consideration  of  this  refractive  power 
rrying  in  the  different  coloured  rays,  belongs 
ivysical  optics.  We  shall,  in  this  place,  con- 
rrays,  as  composed  of  perfectly  homogeneous 
((i.e.,  light  possessing  the  same  refractive 
itrties,  and  having  the  same  refractive  index), 
irirst  consequence  from  these  two  laws  is  this : 
ja  aray  is  incident  upon  a  refracting  substance, 
Ich  the  two  surfaces  (at  which  it  enters,  and 
nwhich  it  emerges)  are  plane  and  parallel,  the 
3  of  the  ray  after  emergence  is  exactly  par- 
hto  its  course  before  incidence.  We  shall 
ta  somewhat  circuitous  proof  of  this,  for 
bke  of  avoiding  the  use  of  trigonometrj'.  Let 


FipT.  6. 

e  an  incident  ray,  refracted  along  the  line 
land  emergent  at  p',  from  the  substance,  of 
ii  A  B  c  D  is  a  perpendicular  section,  and  in 
1  A  B  and  o  D  are  parallel  lines,  along  the 
'  P'  B',  then  p'  8'  is  parallel  to  p  s.  Draw 
fCTpendiculara  u  r',  e  e',  upon  a  b  and  c  d, 
make  p  f,  p'  f',  each  equal  to  p  p'.  Draw 
4nd  F'  E'  parallel  to  a  b  and  c  d.  Produce 
•*  Q.  It  is  nece.ssary  to  premi.se  that  the  law 
"Taction  is  utterly  indifferent  to  the  direction 
e  ray  of  light,  and  that  it  holds  equaUy 
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when  a  raj'-  passes  from  vacuum  into  a  medium, 
or  from  a  medium  into  vacuum.  If  one  ray 
enters  a  medium  from  void  space,  and  if  another 
ray  of  the  same  kind  of  light  passes  through  the 
medium  in  a  line  coinciding  ■\vith  that  of  the  re- 
fracted ray,  it  will  emerge  into  vacuum,  and  pass 
through  vacuum  along  the  original  course  of  the 
first  ray.  According  to  the  laws  of  refraction,  the 
line  R  F  will  bear  a  certain  proportion  to  r'  p', 
and  the  line  f'  e'  will  bear  the  same  proportion 
to  E  p,  the  side  of  the  rectangle  opposite  to  e'  p', 
and  therefore  equal  to  it.  rf  and  e'f'  will 
then  be  equal.  We  have  now  two  right-angled 
triangles,  p  r  f,  and  f'  p'  e',  in  which  f  p  and 
F'p',  being  each  equal  to  pp',  are  themselves 
equal,  and  the  sides  f  r,  e'  f'  have  been  shown 
to  be  equal. —  We  have,  therefore,  s  p  q  and  p' s' 
parallel. — The  next  consequence  of  importance 
is,  that  if  a  number  of  parallel  ray.s  fall  upon 
a  plane  surface,  the  lines  of  direction  of  the  re- 
fracted rays  are  also  parallel;  a  conclusion  we 

shall  not  stop  to  demonstrate  It  may  have 

been  noticed,  that  in  the  figures  hitherto  given, 
the  refracted  ray  is  bent  inward.  This  invariably 
happens  when  a  ray  passes  from  vacuum  into 
any  medium,  and  the  contrary  happens  when  it 
passes  from  any  medium  into  space.  In  the 
first  case,  the  ray  is  bent  towards  the  perpendi- 
cular which  passes  through  the  medium ;  and  in 
the  other,  is  bent  from  the  perpendicular  which 
passes  through  vacuum.  The  table  already 
given  illustrates  this.  The  following  table 
shows  how  this  fact  is  expressed,  in  accor- 
dance with  the  refractive  law  ;  and  at  the  same 
time  may  give  an  idea  of  the  different  refract- 
ing powers  of  different  substances.  The  refrac- 
tion is  calculated  for  rays  of  mean  refrangibility 
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— those  between  the  violet  and  the  red  rays  of 
the  spectrum. 

TABLE  OF  KEFRACTIVE  INDICES  FOR  EAYS  OF 
MEAN  EEFEANGIBILITY. 

Vaouiim,  1-000000 

Hydrogen,  (32°  Fahr.,  and  29-9J18 

inches  barometric  pressure),  ,  .1-000138 

Oxygen,  1-000272 

Air,   1-000294 

Kitrogen,  1-009300 

Ammonia,   1-000385 

Chlorhie,  1000772 

Ice,   1-3085 

Water,  1-33G 

Vinegar,  I-347 

Alcoliol,   1-37 

Fluor  Spar,  1-435 

Tallow,  melted  1-46 

Oil  of  Turpentine,   1-48 

Honey  I-495 

Dry  Egg  Yolk  1-5 

Glass,  English  Plate,  I-5 

(Vai-jang,  in  different  speci- 
mens, from  this  to)— 

Bottle  Glass  

Eock  Crystal,  

Amethyst,   

Deep  Red  Glass,   

Sapphire,  White,  

Ditto,  Blue,  

Sulphur,  

Diamond,  


Mercury,  (probably) 


t-582 
1-57 

1-662 
1-729 
1-768 

1-  794 
2- 

2-  439 
to 

2-755 
5-829 


The  meaning  of  the  table  is  this:— in  passing 
from  vacuum  to  common  air,  the  ratio  of  the 
sines  is  1-000294;  that  is,  if  sp  be  the  course 
through  vacuum,  and  s'  p  through  common  air, 
then  s'A'  =  1-000294.  The  ratio  of  SA  to 
s'A'  in  the  case  of  a  passage  from  vacuum  to 
any  substance  is  given  opposite  its  name.  Two 
general  results  follow  readily  from  the  table; — 
jirst,  the  refractive  index  is  greater  in  passing 
into  denser,  than  into  rarer  media ;  and  second, 
the  same  index  is  greater  also  in  passing  into 

the  more  combustible  media  Up  to  this  point, 

we  have  proceeded  on  the  idea,  that  the  ray  of 
light  passes  from  vacuum  into  another  medium, 
or  from  another  medium  into  vacuum.  But  in 
the  great  majority  of  instances,  the  ray  passes  from 
one  medium  into  another.  This  case,  however, 
is  met  by  the  laws  already  noticed.  Given 
the  absolute  refractive  indices  of  two  media  (the 
index  for  the  passage  from  vacuum  into  each  of 
them),  it  is  easy  to  find  their  relative  i-efractive 
index  (that  for  the  passage  from  the  one  into 
the  other).  The  relative  index  in  passing  from 
one  medium  into  another,  is  the  quotient  of  the 
absolute  index  of  the  second  by  the  absolute 
index  of  the  first.  When  the  ray  passes  through 
one  medium  into  a  denser  one,  the  relative  re- 
fractive index  will  be  measured  by  the  quotient  of 
one  quantity  (the  refractive  index  of  the  denser) 
divided  by  another  less  than  it  (the  refractive 
index  of  the  rarer),  and  will  therefore  be  greater 
than  1.  The  ray  will  thus  be  bent  towards  the 
perpendicular  to  the  bounding  surface.  And  the 
reverse  must  hold  when  the  ray  proceeds  in  the 
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opposite  direction — It  is  worth  noticing,  that 
the  refractive  index  of  common  air  is  ver)* 
small,  and  that  when  we  take  the  relative 
refractive  index  for  air  and  a  medium,  very 
little  alteration  is  required  in  the  original  abso- 
lute  index  of  the  medium ;  unless  indeed,  for  the 
gases,  whose  indices,  being  hkewise  small,  are 
very  sensibly  altered,  in  consequence.  Thus  1 
relative  refractive  index  of  a  mean  ray  passing 
from  air  to  glass  is  1-4985,  when  that  for  such 
a  ray,  passing  from  vacuum  to  the  same  glass  is 
1-5. — Another  very  important  proposition  Is 
this,  that  if  we  have  a  series  of  media,  all  of 
which  are  separated  at  their  boundaries  by  par- 
allel surfaces,  any  ray  passes  through  one  of  the 
series,  just  as  if  it  had  entered  it  from  vacuum. 
Thus,  if  we  imagine,  in  fig.  6,  two  originally  par- 


Fig,  a 

allel  rays  spqrs'  and  a  be' a',  coming 
from  vacuum,  and  passing  through  the  medimtt 
BQEB',  tlie  rays  ■will  be  transmitted  thron^j 
the  medium  in  parallel  lines. — This  is  a 
direct  and  easily  deducible  consequence.  Tfi« 
lines  s'E  and  a'b'  are  parallel;  so  also,  theliiie8| 
B'  B,  and  E  Q.  But  the  latter  has  passed  through 
a  medium  before  entering  b  q  e  b'  and  the  for- 
mer has  not. — It  is  important  to  notice  a  limita- 
tion requisite  in  the  application  of  this  state- 
ment, to  the  ordinary  refraction  of  stellar  and  solar 
light  in  passing  through  the  atmosphere.  The 


Fig.  7. 

atmosphere  is  imagined  to  be,  and  for  the  pai| 
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Bcalculation  we  consider  it  generally  as  com- 
led  of  a  scries  of  layers  of  equal  density  passing 
nround  the  earth,  those  of  eacli  density  being  at 
nal  elevation.  Let  e  represent  the  position  of 
spectator  at  the  surface  and  ace,  bdf,  two 
lacent  atmospherical  layers,  oz  is  directed 
ards  the  zenith.  Let  k  a  b  s,  e  cd  s'  e  s", 
ifij" s'"  be  luniuious  raj's.  Then  the  surfaces 
ff  and  ace  axe  car\-ed  surfaces,  and  therefore 
isis  impossible  to  describe  them  as  parallel.  If, 
iwever,  a  plane  be  drawn  just  exactly  touching 
acnrved  surface  at  any  point,  it  is  said  to 
me  the  same  direction  with  the  surface  at 
ibt  point.  Now,  in  refraction,  we  have  only 
ddo  with  a  point  of  the  limiting  surface.  It  is 
that  it  would  not,  in  the  least,  signify,  al- 
wugh  we  should  have,  instead  of  the  straight 
3  p  Q,  a  hollow  line  z,  in  the  vertical  section 
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tthe  body.  It  is  equally  clear,  that  it  does 
I ;  matter  how  near  p  or  q,  such  a  hoUow  line 
*y  come,  if  it  only  leave  room  for  s  p  to  fall 
« exactly  the  same  spot  as  it  would  othenvise 
and  do  not  interfere  afterwards  with  the 
MctioDS  s'p.  Hence,  in  refraction,  we  have 
ly.y  to  do  ynth  a  very  small  part  of  the  bound- 
it  surface,  and  that  the  part  at  which  a  ray  is 
indent  or  emergent.  We  can  substitute,  there- 
^e,  instead  of  the  surfaces  ace,  bdf,  three 
les  just  touching  them  at  a,  c.  and  e,  and  at 
id,  and  /  The  condition  of  which  we  have 
bken,  that  the  uniting  surfaces  be  parallel,  in 
■hler  to  the  application  of  the  propositions 
lonstrated,  wiU  be  fulliUed,  therefore,  if  the 
»ne  which  touches  the  outer  ckcle  at  b  be 
irallel  to  that  touching  the  inner  at  a.  This 
Mn  will  happen,  if  the  lines  ac/  and  b  h  are 
•aUel.  For  any  planes  are  paraUel,  the  per- 
Hidiculars  to  which  are  parallel  lines.  Now 
~iese  straight  Imes  ag,  bh,  ch,  dl,  em,  fn 
1  all  contmuations  of  the  radii  through  a,  b, 
'id,  e,f.  These  lines  ag,  bh,  ch,  dl,  em, 
,1,  when  brought  to  one  point  at  0,  are 
addy  seen  not  to  be  parallel,  and  therefore 
s  planes  of  which  we  have  already  spoken 
'■  not  to  be  considered  so  either.  Hence 

LiTk  f^.""^  ^'^''^  demonstrated,  for 
rallel  boundanes  cannot  be  applied  to  at- 

'S^M'^-^'^T  to  observe, 

wever,  that  in  the  case  of  rays  passing  down 

n  frnm  M        '  the  clevia- 

n  from  the  case  which  we  have  already  con- 
ered  is  very  small.    The  triangle  Boa  is 
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very  much  elongated,  and  the  angle  e  o  a,  hy 
which  the  directions  of  the  perpendiculars  and 
therefore  of  the  planes  differ,  is  very  small. 
Tailing  a  radius  of  two  degi-ecs  or  so,  round  the 
zenith  line,  we  may  cut  out  a  conical  portion  of 
the  sky,  like^jEj,  differing  very  little  from  a 
real  cone,  and  having  the  lummous  lines  passing 
through  A  to  E,  passing  into  the  layers  of  difler- 
ent  densities  very  nearly  at  parallel  surfaces.  In 
fact,  for  this  space,  the  de\'iation  from  the  law 
stated  could  not  well  be  estimated.  In  this  case, 
then,  in  computing  the  exact  amount  of  refrac- 
tion, we  simply  take  the  origuial  ray  as  coming 
to  the  eye,  in  a  line,  the  refractive  index  for 
the  deviation  of  which  from  the  original  line  is 
1-000,294,  subject  to  certain  minute  con-ec- 
lions  for  temperature  and  pressure.  This  is  liable 
to  no  material  error,  for  the  refractive  index  for 
air  has  been  very  frequently  obseiTed.  In  the 
case  of  rays  nearer  the  horizon,  we  have  dif- 
ferent and  far  less  simple  laws,  aldn  to  those 
for  prismatic  refraction ;  and  the  correct  applica- 
tion of  these  is  dependent  upon  our  knowledge 
of  the  physical  constitution  of  the  atmosphere ; 
and  is  disturbed  by  any  temporary  disairange- 
ment  of  that  constitution,  for  example,  by  wuids, 
earthquakes,  meteors,  &c — We  shall  now  pro- 
ceed to  consider  the  case  most  analogous  to  at- 
mospheric refraction  through  the  strata  nearest 
the  earth's  suiface.  It  is  that  of  refraction 
thi-ough  a  prism.  The  general  character  of  a 
prism,  as  we  now  consider  it,  is  simply  a  body 
not  bounded  by  parallel  surfaces.  When  a 
transmitted  ray  strikes,  at  its  points  of  incidence 
and  emergence,  on  planes  which  arenot  parallel,  or 
upon  surfaces,  the  tangent  planes  to  which  at  these 
points  are  not  parallel,  our  previous  conclusions  do 
not  hold,  but  become  useless.  We  must  consider 
this  case  specially.  Conceive  two  planes,  standing 
out  at  right  angles  to  the  plane  of  the  paper,  and 
making  on  that  plane  the  figure  b  a  c.  Let  s  p 
be  a  ray  of  light  from  a  , 
luminous  pomt,  s,  falling  e 
on  the  plane  at  p,  and 
following  the  course  sp 
Q  R.  The  problem  re- 
quires the  discovery  o£ 
the  laws  which  regulate 
the  transmission  of  the 
ray  (supposed  of  homo- 
geneous light)  SPQE.     

we  shall  establish  is  this,— the  algebraic"  sum 
of  the  angle  of  refraction  at  the  first  surface, 
and  the  angle  of  incidence  at  the  second,  is 
equal  to  the  angle  bag,  contained  between 
the  two  planes.  Draw  m  n'  and  «'  n  perpen- 
dicular to  the  sides.  Then  n'rq  and  n'  q  p  are 
respectively  the  angles  of  refraction  at  the  first 
surface  and  of  incidence  at  the  second.  It  is 
asserted  tliat  their  algebraic  sum  is  equal  to 
E  A  p.  The  angles  7i'  q  a  and  n'  p  a  are  each 
right  angles.  The  whole  four  angles  ?i' q  a 
n'l'A,  QA1-,  QH'p  make  up  four  right  angles 


AV 

Fig.  9. 
The  first  proposition 
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(i.  32  cor.)  It  follows,  therefore,  that  Q  n'  p 
and  Q  A  p  will  make  up  two  right  angles.  Again 
(i.  32)  Q  m'  p  and  q  p  n'  Avith  w'  q  p  make  up 
also  two  right  angles.  Tlie  addition  of  Q  a  p, 
therefore,  and  of  q  p  w'  with  w'  q  p  to  the  same 
f[uantity  Q  n'  p,  gives  the  same  result,  and  w'  q  p 
and  w'PQ  must  be  equal  to  qap.  We  may 
imagine  the  line  q  p  becoming  nearer  and  nearer 
to  Q  ?t',  until,  in  some  cases,  it  comes  to  coincide 
with  it,  as  in  the  figure,  where  p  q  and  the  line 
Q  n'  are  the  same.  In  that  case  the  angle  p  q  m' 
has  vanished,  and  the  proposition  just  proved,  if 
true,  woidd  require  that  n'  p  q  should  itself  be 
equal  to  a.  But  as  this  is  a  limiting  case,  we 
cannot  trust  our  conclusion  without  verifying  it. 
Thus,  therefore,  q  p  n'  and  q  p  a  make  up  the 
right  angle  n'  p  A,  and  Q  p  a  and  p  A  q  are  equal 
to  the  right  angle  B  Q  p.  It  follows  as  before, 
that  Q  A 1^  and  n'  p  q  are  equal.  The  proposition 
is,  therefore,  true  in  this  case  also.  We  have 
imagined  that  the  line  q  p  crept  up  towards 
Q  n'  as  the  position  of  the  ray  s  p  changed. 
Might  it  not  be  conceived  to  have  passed  it  and 
got  to  the  other  side?  It  is  evident  that  it  might, 
assuming  the  position  of  the  figure  below.  But 

in  this  new  case  the 
result  is  the  same. 
It  follows  from  the 
above,  that  the  de- 
viation of  a  ray, 
caused  by  such  pas- 
n  sage  through  planes, 
is  always  towards  the 
thicker  and  from  the 
narrower  part  of  the 
prism,  if  it  be  denser 
than  the  surrounding  media,  and  in  the  opposite 
dii-ection,  if  rarer. — We  shall  proceed  to  find  ex- 
pressions for  the  amount  of  deviation,  m  terms  of 
the  angle  of  the  prism  and  of  the  relative  refractive 
indices  of  a  b  c  and  the  surrounding  media.  Let  S 
=  angle  of  deviation  (edr,  fig.  9,  epr,  fig.  10, 
F  D  K,  fig.  1 1 ).    Let  i  be  the  angle  of  incidence  at 
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the  first  surface,  i'  that  of  refraction  ;  e  the  angle 
of  emergence  from  the  second  surface,  e'  that  of 
incidence  upon  it,  and  a  tliat  of  the  two  planes 
represented  in  section  by  ab  and  AC.  Thus  ui 
fig.  9 ;  S  =  D  p  Q  -|-  D  Q  P. 

=:(DPn'  — n'pQ)  +  (n'Qi>  — n'QP). 

=  (i-i')  +  (e-e'). 
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5  =  i  -f  e  —  (i'  -f  eO 
=  i  -}-  e  —  a, 
because  a,  the  angle  made  by  the  planes,  is 
equal  to  the  algebraic  sum  of  the  angles  of  inci- 
dence at  tlie  second  and  of  refraction  at  the  first 
surface.    The  same  proof  would  show  that  the 
statement  holds  in  all  the  three  cases,  e  becom- 
ing —  e,  when  the  direction  of  k  q  changes 
with  respect  to  m  q',  as  in  fig.  11,  Then 
sin  i  =     sin  i', 
and  sin  e  =  ^'  sin  e', 
where  ft  and     are  the  relative  refractive  indices 
for  a  mean  ray  passing  from  the  two  surrounding 
media  into  abc.   Take  for  the  sake  of  sim- 
plicity, e.g.  the  more  usual  case — media  on  the 
two  sides  of  the  same  kind  da  and  ft'  being  equal). 
The  more  general  investigation  proceeds  on  the 
principles  which  we  are  about  to  apply,  but 
demands  the  introduction  of  higher  mathematics. 

sin  i      ^  sin  i' 

sin  e  =  ^'  sin  e' 

a  =  i'  -|-  e' 
In  these  three  equations,  we  have  got  three 
unknown  quantities  defined,  i',  e,  and  e',  and 
it  would  be  possible  by  the  application  of  not 
very  recondite  geometrical  prmciples,  to  get 
these  expressed  in  terms  of  the  various  kno\ra 
quantities,  i,  /m,  ft,'  and  «.    We  must  confine 
ourselves  still  further,  however, — viz.:  to  three 
special  cases,  capable  of  resolution  without  diin- 
culty.    Suppose  i  to  be  very  small.    But  the 
sines  of  verj'  small  angles  are  nearly  proportional 
to  the  angles  themselves.    Hence  we  may  sub- 
stitute for  the  expressions  sin  i  and  sin  e,  &c, 
i  and  e,  &c.    And  we  obtain 
i=^i' 
e  =  ^e' 
a  =  i'  -}-  e' 

S=i-[-e  —  a=:^i'-[-/£«e' — fli=/tt(i'-j-e')  — • 

—  fjt,a.  —  a.  —  {jt  —  l)a 
Applying  this  formula,  to  the  case  of  a  prism 
of  glass,  with  an  argle  ot  60°,  we  will  have 
S  =      —  1)  60° 

=  (1-5  —  1)  60° 

=  -5  X  C0°  =  30° 
— The  second  special  case  we  shall  consider,  is 
that  in  which  the  angles  of  incidence  and  emer- 
gence are  equal.  Taking  our  standard  forniula3  — 
sin  i  =  (It  sin  i' 
sin  e  =    sm  e' 
a  =  i'  -[-  e' 
We  shall  then  have  i  =  e;  whence,  from  the 
first  two  formulas  i'  =  e'.    (This  merely  asserts 
a  proposition  already  established,  viz. : — that  two 
parallel  rays  are  refracted  parallel,  in  the  same 
circumstances.)    Instead  of  having  the  rays  par- 
allel, conceive  that  the  sides  b  a  and  n  c  after 
having  been  together,  are  carried  away  separate. 
Since  i  and  e  were  equal  Avhen  they  were  to- 
gether, the  rays  were  parallel  then,  and  the 
angles  of  refraction  were  therefore  equal  then. 
But  if  the  system — the  glass  and  the  ray— yhe 
merely  removed,  with  no  change  in  their  relative 
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tions,  the  refraction  must  remain  quite  as 
tore. 

Hence  i'  =  1 
2 

Now  S  =  i-j-e  —  a  =  2i  —  « 

a 

But  sin  i  z=  ^  sin  2 

.*.  i  is  tlie  angle  wliose  sine  is  /i.  sin  f 

2 

a 

a  =  2  X  (angle  ■whose  sine  is    sin  -)  «. 

f-Onr  third  special  case,  is  more  general  than 
jy  of  the  others.    It  does  not  assume  that  the 
i^dia,  on  the  two  sides,  should  be  the  same  : 
I  fact,  it  talces  in  the  most  general  application 
tthe  case  conceivable,  when  the  ray  emerges 
rjrpendicularly.    In  that  case  e  =  0°;  whence 
iiis  also  equal  to  0°. 
EHence,  taking  our  formulse — 
sin  i  =  j«  sin  i' 
sin  e  =     sin  e' 
a  =  i'  -j-  e' 
ee  have  a  =  i' 

sin  i  =    sin  i'=.  /i  sin  a 
.:  i  ==  angle  whose  sine  is  ^  sin  a 
id  S  =  i-)-e  —  a  =  i  —  »  =  (angle  whose 
sine  is  fi  sin  a)  —  a 
pplying  these  two  last  formute  to  the  case  of 
i^ass  prism  of  60°  at  a,  (taking  ^,  the  relative 
fcfractive  index  of  air  and  glass,  as  1-5),  we 
»ive,  when  the  angles  of  incidence  and  emer- 
wce  are  equal,  (in  this  case,  by  the  way,  the 
*iation  .is  proved,  by  the  higher  mathematics 
bbe  the  least  possible) 
I  J  =  2  X  angle  whose  sine  is  -75  —  60" 

=  2  X  48°-35'  —  60°  —  37°-10' 
Id  when  the  ray  emerges  perpendicularly  to  the 
unding  surface,  which  might,  in  this  case,  be 
iced  in  water^  (the  other  boundary  surface 
ling  kept  above  it),~we  have  S  =  angle  whose 
lie  is  1-299037—60°.  A  most  anomalous  re- 
Jt,  for  no  angle  has  a  sign  greater  than  1. 
!ie  inference  is,  that  it  is  impossible  to  transmit 
■way  through  a  prism  with  a  refracting  angle, 
I  that  the  emergent  ray  be  perpendicular  to  the 
firface  of  emersion.  This  result  is  sufficiently 
■cresting;  but  it  becomes  more  so,  when  it  is 
•wed  as  an  inevitable  consequence  of  the  re- 
active law;  and  when  another  class  of  analogous 
»iult8,  depending  on  the  same  principle,  are 
nought  up  to  confirm  it.  The  refractive  index 
»»m  a  rarer  to  a  denser  medium  is  always  greater 
nan  1.  Suppose  it  ^.  But  in  every  case  of 
fraction,  the  formula  sin  i  =  u  sin  i'  applies. 

now  sm  1'  be  greater  than  ^  (and  whatever^ 

1  ^ 
'         ^  '""St  be  less  than  1,  some  angle  may 

found  whose  sine  would  be  so),  we  should 
■ive  ^  sm  i'  greater  than  1  ;  but  ^  sin  i' 
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is  equal  to  sin  i,  and  sin  i  is  therefore  greater 
than  1,  which  is  impossible.  Either,  there- 
fore, the  refractive  law  is  incorrect,  or  some 
false  hj'pothesis  has  been  made.  That  hv- 
pothesis  is,  that  light  could  be  refracted  into 
a  medium  at  an  angle  of  refraction  whose 

sine  is  greater  than  -,  or,  which  is  the  same 

thuig,  that  if  passing  through  such  a  medium, 
anj'  ray  could  in  these  circumstances,  be  re- 
fracted out.  We  arrive,  therefore,  at  the  con- 
clusion, that  light  is  not  refracted  into  a 
medium  at  an  angle  of  refraction  whose  sine  is 

greater  than  _.    For  example,  aU  light,  passing 

into  water,  will  be  refracted  at  angles  of  re- 
fraction whose  sines  shall  not  be  greater  than 

(1-331  being  the  least  refractive  index. 

i'ool  ' 

for  the  red  ray,  through  water,  and  the  rays  so 
refracted  will  be  red;  violet  rays  wiU  not  be 
refracted  at  an  angle  whose  sine  shaU  be  greater 

than  jTg^*   (^®^  table  1,  already  given.)  The 

red  rays,  therefore,  may  fall  within  48°  42' 

(angle  whose  sine  is        ),  and  the  violet  ra3's 

withm  48°  4'  (angle  whose  sine  is  — -— ),  of 

1-344 

the  perpendicular  to  the  surface  at  the  point  at 
which  they  enter.  The  38'  between  the  two 
would  be  very  beautifully  tinged  with  the  pris- 
matic colours.  Hence  to  an  eye  below  water 
all  the  objects  at  the  surface  of  the  earth  will 
appear  as  if  grouped  into  the  space  of  97°  24', 
instead  of  appearing,  as  they  do,  at  the  surface 
under  an  angular  space  of  nearly  180°.  The 
eyes  of  fishes  have  very  nearly  the  same  density 
and  refractive  index  with  the  wate-r  in  which 
they  live ;  there  is,  therefore,  no  material  change 
in  this  effect  to  them — We  have  thus  obtained, 
then,  by  the  above  processes,  expressions  for  S 
in  terms  of  ^  and  a.  It  remains  to  deduce 
similar  expressions  for  ^  in  the  terms  S  and  a. 
Sometimes  we  have  peculiar  specimens  of  re- 
fracting substances,  whose  exact  power  we  wish 
to  discover,  and  in  order  to  this  we  measure 
S  for  a  prism  with  a  given  refracting  angle. 
The  expressions  which  we  shall  deduce  refer 
respectively  to  the  three  cases  already  specified. 

In  the  first  case  we  found  "S  =  (jx, — 1 )  a 
^-  1 
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Thus,  in  a  prism  of  60°  refractive  angle,  if  S 
be  found  to  be  33°,  we  obtain  a  =;  1'55 ;  from 
which,  it  is  probable  that  the  glaiis  is  a  low  flint 
glass,  containing  lead  in  composition.  {H&rschel 
on  Lirjht.') — In  tlie  second  case 
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J  =  2  i  —  a,  and  i'  —  t 


sin  1 
^      sill  i' 


sin  (S  -f-  «) 
2 

sin  a 
2 


Take  similarly  S  =  30= 
sin  45° 

In  the  third  case, 

S  =  i  —  a 
i'  =:  a 

■'■   ''^ 

sin  i'  sin  as 

Let  S  =  30°,  here  also 
2        2  V  3 

— The  subject  of  the  refraction  of  light  at  the 
surfaces  of  various  curves,  and  of  the  convergence 
and  divergence  in  the  refracted  rays,  will  be  fully 
treated  under  article  Lens.  Another  subject, 
closely  connected  with  dioptrics,  and  depending 
upon  dioptrical  principles,  is  the  appearance  which 
bodies  make  to  the  eye  behind  refracting  sur- 
faces. This  ■\vill  be  treated  of  elsewhere.  See  Lens 
and  Telescope.  We  shall  just  state  the  pro- 
positions upon  which  it  rests.  Its  principle  is  very 
simple  Every  line  or  surface,  luminous  either 
in  itself  or  by  reflection,  is  supposed  to  be  made 
up  of  a  number  of  luminous  points  placed  closely 
together.  The  rays  from  these  appear,  after 
passage  through  the  prism,  as  if  they  came  from 
points  entirely  different  from  those  from  which 
they  are  really  emitted,  according  to  the  laws 
already  demonstrated  in  this  article.  For  each 
point,  therefore,  we  will  get  another  correspond- 
ing point,  from  which  the  rays,  really  emergent 
from  the  tirst,  will  apparently  emerge.  The 
whole  of  these  corresponding  points,  put  together, 
will  make  up  a  line  or  a  surface,  as  the  original 
body  made  up  the  one  or  the  other,  and  the  pro- 
blem which  we  now  just  indicate  is  this — Given 
a  line  or  a  surface  made  up  of  luminous  points, 
required  to  find  its  position,  as  that  appears  through 
a  retracting  body?  This  may  be  the  case  while 
the  eye  remains  in  one  medium  and  the  body  in 
another,  only  one  of  which  terminates  between  the 
body  and  tlie  eye.  A  fish  seen  in  water  is  such 
a  body.  Or  again  the  body  and  the  eye  may  be 
separated  by  a  medium  completely  terminating 
between  them,  as  a  stick  seen  through  glass. 
AVe  have  shown  in  this  latter  case,  that  the  point 
from  which  the  rays  vnW  seem  to  an  eye  on  the 
other  side  of  the  medium,  to  emerge,  will  be  at 

the  distance  u  -f  -  from  the  surface  of  the 

medium— approximately.  If,  therefore,  we  have 
an  object  given,  and  draw  from  its  points  vari- 
ous perpendiculars  to  the  farther  surface  of  the 


DIP 

plane  medium  of  which  we  sjieak,  and  mark  off, 
from  the  points  of  incidence  of  these  perpendicu- 
lars, distances  equal  to  u  -|-  -  respectively,  {u 

being  the  relative  refractive  index,  and  u,  the 
perpendicular  distance  of  each  point  of  the  ob- 
ject from  the  plane  surface),  we  shall  obtain  the 
image  required.  It  would  be  easy  to  show,  for 
example,  that  the  image  ot  a  straight  hne  so 
obtained  will  abo  be  a  straight  line,  parallel 
to  the  first.  If,  as  in  the  other  case,  the  medium 
be  not  terminated  bet^veen  the  object  and  the 
eye,  we  should  have  u'  =  ^  u  as  the  formula  to 
be  appUed  for  each  point,  where  u'  is  the  distance 
of  the  point  from  which  the  rays  appear  to 
emerge,  from  the  bounding  surface,  and  u  the 
distance  of  the  point  from  which  they  actually 
come.  In  this  case  also,  the  image  of  a  straight 
hne  would  be  a  straight  line.  It  is  to  be  noted 
carefully,  however,  whether  the  eye  is  situated 
in  the  denser  or  in  the  rarer  medium.    As  this 


changes,  /i  and  -  change  places, 
the  relative  refractive  index  of 


Thus,  also 


water  and 

glass  is  ft,  when  that  of  glass  and  water  is  - . 

In  the  case  of  the  fishes  seen  in  water,  tlie 
value  of  ft  is  less  than  1,  because  equal  to 
the  reciprocal  of  a  number  greater  than  1,  and 
fishes  will  therefore  always  appear  nearer  the 
surface  to  an  eye  above  it,  than  they  really  are. 
The  refractive  indices  for  various  kinds  of  water 
vary,  but  that  given  in  the  second  table,  1'336 
may  be  taken  as  the  standard  value.  The 
distance,  then,  of  a  fish  from  the  surface  of 
still  water  will  be  1-336  times  more  than  the  ap- 
parent distance.  In  the  case  of  the  virtual 
images  (images  occupjong  the  points  from  which 
the  actual  light  appears  to  proceed)  formed  by 
prisms,  the  principles  are  more  complex.  We 
shall  take  only  one  case — that  of  a  prism  wth  a 
small  refracting  angle.  Suppose  tliat  the  rays 
by  which  tlie  image  is  really  formed  are  all  per- 
pendicular to  the  two  prismatic  surfaces.  It  i-' 
then  easy  to  calculate  the  apparent  position  of 
the  object.  Imagine  now  the  rays  from  that 
image  falling  on  the  second  surface,  untouched 
by  the  first,  and  calculate  the  position  of  the 
new  image  by  the  same  law.  This  position  may 
be  taken  as  sufliciently  near  for  practical  pur- 
poses to  the  real  position  of  the  image. — The  fore- 
going paper,  referring  only  to  the  leading  pheno- 
mena of  Dioptrics,  does  not  pretend  to  exhaust 
the  subject.  The  advanced  student  is  earnestly 
referred  to  a  recent  memoir  by  Gauss,  reprinted 
in  Taylor's  Scientific  Memoirs. 

Dip  of  Ilorizoii,  is  the  angle  which  the 
line  drawn  from  tlie  eye  to  the  most  distant 
visible  object  on  the  earth's  surface  makes  ^rith 
the  rational  horizon.  It  is  impossible  to  observe 
the  dip  on  the  surface  of  the  ground,  because  of 
its  inequalities.    It  is  readily  observed,  however, 
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tt  soa.  The  dip  of  the  horizon  is  affected  by 
eiafraction.  See  Kefkaction.  As  far  as  it  is 
lOt  so  influenced  -vve  shall  explain  it  here. — 
V.  spectator  sitnate  at  e,  above  the  surface  of 
bhe  earth,  will  see  any  object  above  the  lines  e  a, 
B.  He  cannot  see  below  these  lines.  The 
ajjgle  then  which  either  of  these  lowest  lines 
nakes  with  f  b  h,  which  is  drawn  perpendicular 
0  E  c  (c  being  the  centre  of  the  earth),  and 
rtrhich  is  so,  parallel  to  the  horizon  of  n,  the 
moint  immediately  beneath  e,  on  the  surface,  is 
Called  the  dip  of  the  horizon.  Thus,  in  the 
iggure,  either  A  e  p  or  b  e  h,  is  so. — It  is  easy 


fto  calculate  its  amount.  The  angle  tea  is 
qqual  to  e  c  a,  and  when  we  know  e  d,  it  is  not 
Blifficult  to  find  the  value  of  e  c  a.  If  we  add 
!i  D  to  the  length  of  the  radius  of  the  earth  at 
lihe  spot,  and  divide  that  same  length  of  the 
Kadius,  by  the  sum,  we  obtaui  a  decimal, 
rlyliich  wiU  be  found  in  trigonometrical  tables  of 
««osines,  opposite  the  angle  we  seek. — If,  as  is 
Mdore  frequently  the  case,  we  wish  to  Imow  the 
aength  of  space  ba,  over  which  we  can  range 
itit  a  given  height,  we  may  obtain  a  very  near 
ippproximation  by  multiplying  e  d  by  four  times 
khe  diameter  of  the  earth,  and  extracting  the 
qfquare  root.  This  will  give  the  diameter  of  the 
iarcle  of  vision.  It  is  to  be  noted,  however,  that 
khe  approximation  is  the  less  accurate  the  larger 
13  D  becomes,  and  that  if  it  exceed  a  mile  or  two 
iwe  must  emplo}'  other  expedients. — It  is  neces- 
Bary  to  remember  that  results  thus  obtained,  must 
we  corrected  for  refraction. 

Disc.  (5/Vxaf,  a  quoit.')  An  astronomical 
inn  signifying  the  part  of  the  surface  of  a  hea- 
enly  body  visible  at  any  given  time.  Disc  is 
iblso  employed  in  optics,  although  rarely,  to 
ipignify  the  width  of  aperture  of  telescope  glasses. 

Aischargc.  In  the  article  upon  Conduction 
f)f  Electricity  we  described  the  several  modes  of 
jlectric  discharge,  or  of  the  transference  and  an- 
uihilation  of  the  electric  forces.  One  of  these 
"modes,  the  disruptive  discharge,  will  be  specially 
Bconsidered  in  this  article,  as  it  is  that  to  which 
Itihe  simple  term  Discharge  is  most  usually  ap- 
propriated. If  an  electrified  conductor  is  insu- 
lated, and  brought  near  to  another  conductor,  it 
electrilies  the  latter  by  induction,  and  has  its 
•own  charge  determined  with  greater  or  less  in- 
tensity towards  that  part  of  its  surface  which 
lies  nearest  to  the  induced  charge.  Up  to  cer- 
tam  limits,  the  intensity  of  this  electric  ac- 
tion may  be  increased  by  several  means,  as  by 
brmging  the  surfaces  nearer  to  each  other,  by 
ancreaaing  the  charge  upon  the  conductor,  or  by 
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changing  the  forms  of  the  surfaces :  but  the  in- 
crease, however  effected,  has  a  limit  in  every 
case.  In  this  limiting  state  of  the  inductive  ac- 
tions, a  spark  appears  between  the  surfaces,  ac- 
companied by  sound  and  other  effects,  and  the 
electric  forces  are  found  to  be  wholly  or  partially 
destroyed.  In  other  words,  discharge  has  oc- 
curred across  the  air;  and  it  is  called  the  disrup- 
tive discharge  because  of  the  sudden  and  violent 
commotion  that  it  produces  in  the  matter  occu])y- 
ing  its  path.  The  conductors  may  be  separated  by 
other  substances  as  well  as  air,  for  the  production 
of  these  effects.  Discharge  between  their  sur- 
faces may  be  effected  across  any  kind  of  inter- 
jacent matter,  gaseous,  liquid,  or  solid,  which 
possesses  a  certain  degree  of  insulating  power. 
When  the  interjacent  matter  is  solid,  it  is  shat- 
tered, or  cracked,  or  pierced,  by  the  disruptive 
action,  so  as  to  be  permanently  unfitted,  by  its 
loss  of  insulating  power,  for  the  repetition  of 
discharge  through  its  mass.  On  this  account, 
solid  media  of  discharge  cannot  be  emploj'ed  to 
any  great  extent  in  the  investigation  of  the  laws 
of  this  electric  action.  The  laws  of  discharge  in 
air  have  been  investigated  with  much  attention 
and  success  by  Sir  W.  Snow  Harris.  A  full 
account  of  his  methods  and  results  is  given  in 
the  Philosophical  Transactions  for  1834.  The 
principal  subject  ot  his  inquiry  was,  the  quantity 
of  electricity  requisite  for  the  production  of  dis- 
charge in  given  circumstances :  and  of  his  valu- 
able results  we  may  mention  two,  which  are  re- 
markably simple  and  definite,  and  which  have 
been  verified  under  such  varied  forms  of  experi- 
ment, as  to  be  well  entitled  to  the  name  of  gene- 
ral laws.  If  two  electrified  conducting  balls  are 
made  to  approach  one  another  in  air,  they  dis- 
charge, to  each  other,  across  the  air,  when  their 
mutual  distance  has  diminished  to  a  certain 
value.  This  amount  is  called  the  strikinrj  distance. 
In  constant  circumstances,  the  striking  distance 
is  constant.  It  varies  with  several  elements; 
particularly,  with  the  forms  and  magnitudes  of 
the  conducting  surfaces,  with  the  amount  of  their 
charges,  and  with  the  condition  of  the  surround- 
uig  air.  In  the  two  laws  above  mentioned,  the 
strildng  distance  is  related  mathematically  to 
the  amount  of  the  charges  and  to  the  density  of 
the  air.  For  the  same  balls,  the  striking  dis- 
tance varies  exactly  in  the  direct  ratio  of  the 
charge,  and  in  the  inverse  ratio  of  the  density  of 
the  air.  Thus,  let  one  ball  be  connected  with 
the  ground,  and  let  the  other  be  cliarged  by  the 
unit  jar  with  one,  two,  or  three  units  of  elec- 
tricity ;  then  the  striking  distances  between  the 
two  balls  across  tlic  air  will  be  in  the  tlu'ce 
cases  as  one,  two,  and  three.  Again,  if  the  two 
balls  be  enclosed  in  an  air  pump,  and  the  air  bo 
rarified,  the  striking  distance  for  a  constant 
charge  increases,  and  precisely  in  the  same  pro- 
portion as  the  density  of  the  air  diminishes ;  and 
in  those  circumstances  a  constant  striking  dis- 
tance is  maintained  by  diminishing  the  charge 


DIS 

in  tho  same  proportion  as  the  density.  Faraday 
has  made  immerous  experiments  upon  disruptive 
discharge,  as  may  be  seen  in  the  twelfth  series  of 
his  Experimental  Researches.    One  inquiry  of 
great  interest  which  he  has  attempted  in  those 
experiments  is,  the  dependence  of  the  striking 
distance  upon  the  specific  nature  of  the  gaseous 
medium  interposed  between  the  conductors.  It 
had  been  commonly  supposed  that  the  power  of 
air  and  gases  in  restraining  discharge,  up  to  the 
limiting  intensity  of  inductive  action,  was  due  to 
statical  pressure  upon  the  conducting  surfaces. 
This  view,  howe^•er  unsatisfactorj',  was  not  with- 
out support  in  fact,  as  may  be  seen  fi-om  the 
second  law  above  stated.    But  Faraday's  results 
have  rendered  it  more  than  questionable,  by 
proving  the  existence  of  specific  restraining 
powers  in  the  several  gases.    Thus,  the  striking 
distance  in  muriatic  acid  gas  is  about  one-half 
of  that  in  common  air  in  similar  circumstances, 
and  barely  one-third  of  that  in  hydrogen.  The 
restrainmg  power  of  muriatic  acid  is  therefore 
three  times  that  of  hydrogen.    This  is  for  the 
same  pressures  ;  and  similar  differences,  though 
not  so  extensive,  are  observed  among  the  other 
gases.    These  differences  cannot  be  attributed  to 
specific  gravity,  for  the  orders  of  the  gases  in 
respect  to  these  two  properties  are  not  the  same. 
The  differences  are  founded,  according  to  all 
appearance,  upon  speci6c  electric  distinctions 
among  the  gases  in  relation  to  discharge.  This 
fact  appears  the  more  remarkable,  when  we  con- 
sider that  all  the  gases  have  sensibly  the  same 
inductive  capacity:  but  a  similar  contrast  has 
long  been  estabUshed  in  the  case  of  air  at  differ- 
ent densities.    Faraday's  experiments  on  dis- 
ruptive discharge  appear  to  have  brought  out 
another  specific  difference   among   the  gases. 
When  two  charged  balls  of  different  dimensions 
are  brought  near  to  each  other  in  air,  the  dis- 
charge is  restramed  more  powerfully  Avhen  the 
smaller  ball   is  that  positively  electrified, — 
other  things  being  equal.  ■  A  similar  law  holds 
in  hydrogen,  okjiant  gas,  carbonic  acid,  and 
muriatic  acid;  while  the  reverse  appears  to  hold 
in  oxygen,  nitrogen,  and  coal  gas.    Some  of 
these  results  are  still  questionable ;  but  a  specific 
difference  in  this  respect,  has  been  certainly  estab- 
lished.   For  full  information  upon  these  points 
tlie  reader  is  referred  to  Faraday's  Experimental 
Researches,  scries  twelfth  and  thirteenth ;  where 
the  bearing  of  tlie  facts  upon  the  theory  of  elec- 
tricity is  also  brought  out  pretty  fully.  We 
should  not  omit  reference  to  the  variety  of  forms 
assumed  by  disruptive  discharge  in  the  gases. 
These  are  described  by  Faraday  under  the  names 
of  spark,  brush,  glow,  and  dark  discharge,    l  iie 
first  three  of  these  are  sufficiently  indicated  by 
their  names,  to  all  who  have  wtnessed  the  com- 
mon optical  effects  produced  by  electric  machmcs 
in  action.   Tiieir  theoretical  connection  is  smiple 
enough ;  for  the  brush  has  been  actually  analyzed 
into  a  quick  succession  of  spark-discharges,  and 
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the  glow  may  be  supposed  to  consist  of  discharges 
in  still  closer  succession.  The  dark  discharge, 
as  far  as  it  has  been  yet  observed,  occurs  in  con- 
nection with  the  glow.  When  two  balls,  for 
example,  discharge  to  each  other  through  rarified 
air,  tliere  is  exhibited,  in  certain  circumstances, 
a  perfectly  dark  interval  in  the  space  between 
the  balls,  and  this  while  the  whole  space  appears 
to  be  traversed  by  the  discharge.  It  is  even 
considered  probable  that  there  are  dark  discharges 
analogous  to  the  spark  and  brush,  but  not 
luminous  in  any  part.  In  the  old  theory,  the 
phenomena  of  discharge  in  air,  were  explained 
as  the  result  of  the  mutual  attractions  of  the 
electricities,  opposing  and  overcoming  the  resist- 
ance of  the  air.  The  latter  resistance  was  gene- 
rally identified  with  the  statical  pressiu-e  of  the 
au-  upon  the  conductor.  This  theory  was  a 
natural  interpretation  of  the  more  elementary 
facts;  but  it  is  now  giving  place  to  the  theoreti- 
cal views  of  Faraday.  One  of  the  great  excel- 
lences of  the  latter  theory  is  the  strictness  of 
connection  that  is  established  among  the  varied 
phenomena  of  electricity,  a  strictness  so  well 
sustained  even  in  the  present  imdeveloped  state 
of  the  theory,  that  it  is  difficult  to  give  separate 
explanations  of  electric  phenomena  without  tedi- 
ous reference  to  other  phenomena.  Induction, 
according  to  Faraday,  is  the  result  of  a  forced 
mechanical  condition  of  the  particles  of  a  dielec- 
tric. When  a  body  is  placed  between  two  elec- 
trified conductors,  its  particles  are  th^o^vn  into 
this  forced  condition,  by  the  electric  forces  resi- 
dent upon  the  conducting  surfaces.  The  inten- 
sity of  this  condition  is  exalted  by  the  approxima- 
tion of  the  conductors,  until  the  particles  throw 
c/' their  forces,  by  communication  to  each  other; 
and  this  constitutes  discharge  in  general  Dis- 
ruptive discharge  differs  from  conduction  accord- 
ing to  this  theory,  not  m  kind  but  in  degree; 
the  limiting  intensity  of  the  forced  inductive 
condition  of  the  particles  being  very  great  in 
the  former  case,  and  very  small  in  the  latter. 

Dispersion  of  Liight.  It  is  shown,  under 
Refraction,  that  the  sine  of  the  angle  of  the 
rays  incident,  upon  a  refracting  medium,  is 
proportional  to  the  sine  of  the  angle  of  Refrac- 
tion; in  other  words,  that  the  ratio 

sin  i 

sin  r 

is  constant  for  the  same  medium.  This 
ratio  is  tenned  the  index  of  refraction  for  that 
medium.  But  as  it  is  well  known  that  the  ray 
of  light  consists  of  parts,  or  is  a  sheaf  of  rays, 
unequally  refrangible,  and  that  on  this  accoimt 
it  becomes,  after  refraction,  the  coloured  s}7ec- 
irum—\t  is  clear  that  the  angle  of  refraction 
above  spoken  of,  is  merely  tlie  mean  angle- 
Each  colour,  indeed,  has  its  own  tVM/e.r  ofrejrac- 
lion  for  every  separate  medium  or  refracting 
body:  nor  have  we  been  hitherto  enabled 
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trace  the  physical  connection  between  tlie  mdices 
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refraction  of  tlio  different  colonrs,  and  other 
Kilities  of  the  refracting  substance — one  colour 
gearing  contracted,  and  another  remarkably 
\  eloped,  when  the  ray  is  subjected  to  the 
iriiigent  action  of  different  media.  The  dis- 
!  sion  of  light,  strictly  speaking,  is  the  differ- 

c  of  the  refracting  indices  of  the  two  extreme 
lours — red  and  violet — of  the  spectrum  pro- 
iced  by  anj-  substance :  and — (the  ratio  of  its 
ijtersion,  to  its  mean  index  of  refraction 
iiiinished  by  unity) — what  is  called  the  dis- 
rdve  power  of  that  refringent  substance,  is 

asured  by  means  of  that.  But,  as  every  one 
10  has  seen  a  spectrum  knows,  tlie  various 
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colours  are  spread  indefinitely  over  a  consider- 
able space, — so  indefinitely  that  it  is  not  pos- 
sible to  state  accurately,  either  the  beginning, 
the  end,  or  the  middle  of  any  colour.  The 
exact  measurement  of  dispersion  would  thus 
have  been  impossible,  but  for  the  remarkable 
discovery,  by  Frauenhofer,  of  the  dark  bamds. 
The  character  of  these  is  fully  explained  under 
Frauenhofer's  Lines,  as  well  as  the  circum- 
stances under  which  they  may  be  readily  discerned. 
The  actual  spectrum,  as  seen  through  a  telescope, 
would  be  represented  correctly,  if  the  upper  por- 
tion of  the  accompanying  figure,  or  r' d',  were 
superposed  on  its  under  or  coloured  part.  These 


nrk  bands  belong  to  the  different  colours  over 
aiich  they  are  placed  in  this  figure,  and  what- 
«rer  the  refringent  or  dispersive  medium,  they 
Main  their  place  in  relation  to  these  colours. 
Mtead,  therefore,  of  having  to  deal  with  an 
Jdefinite  coloured  space,  we  can  deal  with  a 
fiifinite  dark  Ime  belonging  to  that  colour;  and 
f  auenhofer,  as  well  as  all  subsequent  inquirers, 
T.ve  adopted  for  this  purpose  the  lines  b,  c,  d, 
f  F,  G,  H.  By  aid  of  these  rays,  the  indices  of 
'r^ractim  of  the  different  colours,  in  reference  to 
;  refracting  media,  may  be  formed  and  tabu- 
Ked;  and  the  dispersive  power  of  such  media 
■aaputed.  Such  observed  and  computed  tables 
3  given  at  length  in  all  good  writers  on  optics, 
asuffices  here  to  have  stated  their  origin  and 
tiure.— Nor  can  we  omit  to  remark,  that  such 
aerminations  are  essential  to  the  scientific  com- 
tition  of  Achromatism. 

Mispersion  Epipolic  or  Superficial;  Bis- 
nrsion  Iiilcrnal;  FIiiorcMcrnce.  Terms 
wiously  applied  to  a  class  of  phenomena  of 
icich  the  explanation  has  recently  been  given 
F  Professor  Stokes  in  several  memoirs,  that  con- 
fute an  epoch  in  the  history  of  our  knowledge 
■the  affections  of  light.  Indications  of  the 
'tstence  of  an  action  on  light,  not  known  before, 
usubstances  of  various  kinds,  had  not  escaped 

•  notice  of  Sir  David  Brewster  and  Sir  John 
r>rachel.  Sir  David  clearly  pointed  out  that 
tuhad  noticed  these  as  earlv  as  1838;  and  Sir 

in  Herschel  entered  more  fully  on  the  subject 
•1840.  What  attracted  Herschel  was  as  fol- 
■/8:_Solution  of  quinine,  which,  when  viewed 
-transmitted  light,  is  colourless  as  water,  does 

•  m  certain  aspects,  and  under  certain  inci- 
«ce8  of  that  light,  exiiibit  a  cekniial  blue  colour. 
'  according  to  Herschel,  comes  only 
.  n  a  stratum  of  fluid,  of  small  but  finite  tliick- 

8,  adjacent  to  the  surface  at  which  the  light 

T;n„  ^'''fr.'^''''''  ""^^  he  has  seen  the 
at  considerably  farther  from  the  surfaces;  and 


he  identifies  it  with  a  property  belonging  to 
fluor  spar — (hence  naming  it  fluorescence).  He 
refers  it  to  a  common,  or  rather  an  extensive 
class  of  facts,  included  under  the  name  of  "  inter- 
nal dispersion."    The  light  thus  transmitted  is 
found  capable  of  being  dispersed  by  the  prism, 
and  to  consist  of  rays  of  various  refrangibilities 
— none  of  them,  however,  belonging  to  the  red 
end  of  the  spectrum.    Herschel  could  discern  no 
traces  of  polarization,  on  examining  it  by  the 
tourmalme;  Brewster,  on  the  other  hand,  on 
using  a  rhomb  of  calcareous  spar,  conceives  that 
he  certainly  detected  traces  of  this  condition. 
The  investigations  of  this  latter  eminent  inquirer 
will  be  found  in  the  Transactions  of  the  Royal 
Society  of  Edinburgh  in  1846,  and  again  in  the 
Philosophical  Magazine  for  June,  1848. — Matters 
remained  in  this  state  until  the  year  1856,  when 
Mr.  Stokes  took  up  the  problem.    Struck  by  the 
fact,  that  while  the  rays  that  enter  the  fluid  can- 
not pass  through,  or  affect  more  than  a  trifling 
thickness  of  the  fluid,  the  dispersed  rays  them- 
selves traverse  many  inches  of  that  fluid  with 
perfect  freedom,  he  felt  himself  shut  up  to  the 
conclusion,  that  the  rays  producing  dispersion 
are  in  some  way  of  a  different  nature  from  the 
rays  dispersed.    Now,  in  what  quality  or  quali- 
ties can  two  sets  of  light-rays  differ  from  each 
other  ?    Under  the  modern  theory  of  light,  a  ray 
is  distinguished  or  individualized  by  twocircum'- 
stances— its  period  of  vibration  and  its  state  of 
polarization  ;  or,  as  we  may  rather  say,  its  degree 
of  refrangibilily  and  its  state  of  polarization.  Pur- 
suing the  latter  hypothesis  in  reference  to  its  power 
to  account  for  tlie  phenomenon  now  before  him, 
Mr.  Stokes  shows  it  to  be  utterly  untenable,  and 
therebj'  found  himself  driven  to  suppose  that  the 
difference  of  nature  between  these  two  sets  of  ravs 
is  a  change  of  refrangibilily.    But  from  the  time 
of  Newton  it  had  been  believed  that  light  retains 
its  refrangibility  through  all  the  modifications 
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whicli  it  may  undergo.     "  Nevertheless,"  sa 
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Mr.  Stokes,  "  it  seemed  to  me  less  improbable 
that  the  rel'rangibility  should  have  changed,  than 
that  the  undulatory  theory  should  have  been 
found  at  fault.  And  when  I  reflected  on  the 
extreme  simplicity  of  the  whole  explanation,  if 
only  this  one  supposition  be  admitted,  I  could 
not  help  feeling  a  strong  expectation  that  it 
■would  turn  out  to  be  true.  In  fact,  we  have 
only  to  suppose  that  the  invisible  rays  beyond 
the  extreme  violet  give  rise  by  internal  disper- 
sion to  others  which  fall  within  those  limits  of 
refrangibility  between  wliich  the  retina  of  the 
human  eye  is  affected,  and  the  explanation  is 
obvious.  The  narrowness  of  the  blue  band, 
observed  by  Sir  John  Herschel,  would  merely 
indicate  that  the  fluid,  though  highly  transpa- 
rent with  regard  to  the  visible  rays,  was  nearly 
opaque  with  regard  to  the  invisible.  According 
to  the  law  of  continuity,  the  passage  from  almost 
perfect  transparency  to  a  high  degree  of  opacity, 
would  not  take  place  abruptly ;  and  thus  rays  of 
intermediate  refrangibilities  might  produce  the 
blue  gleam  noticed  by  Sir  John  Herschel,  or 
the  blue  cylinder,  or  rather  cone,  observed  by 
Sir  David  Brewster.  \Ye  should  thus,  too,  have 
an  immediate  explanation  of  a  remarkable  cir- 
cumstance connected  with  the  blue  band,  namely, 
that  it  can  hardly  be  seen  by  strong  candle-light, 
though  readily  seen  by  even  weak  day- light. 
For  candle-light,  as  is  well  known,  is  deficient 
in  the  chemical  rays  situated  beyond  the  ex- 
treme violet." — That  a  ray  of  Light  should  be 
definitely  changed  in  its  refrangibility,  by  its 
passage  through  a  medium,  was  indeed  a  new 
truth  in  science ;  and  it  opens  a  boundless  sphere 
of  investigation  as  to  the  relations  of  the  Ethe- 
real Medium  with  the  molecular  constitution  of 
the  bodies  that  so  influence  its  vibrations.  No- 
thing in  modern  times  has  been  substantiated 
which  is  so  fertile,  and  so  sure  to  evolve,  ulti- 
mately, momentous  results.  Various  inquirers, 
and  some  speculative  thinkers,  e.g.,  the  Abbe 
Moigno,  in  his  fundamental  objection  to  some 
conclusions  by  Sir  David  Brewster — (see  Spec- 
trum) have  imagined  the  possibility  of  such  a 
change ;  but  the  honour  of  having  established  it, 
belongs  to  Mr.  Stokes.— We  add  one  of  the  most 
general  of  the  conclusions  of  his  first  Memoir. 

"  The  phenomena  of  internal  dispersion  op- 
pose fresh  difficulties  to  the  supposition  of  a 
difference  of  nature  in  luminous,  chemical,  and 
phosphorogenic  rays,  but  are  perfectly  conform- 
able to  the  supposition  that  tlic  production  of 
light,  of  chemical  changes,  and  of  phosphoric 
excitement,  are  merely  different  effects  of  the 
same  cause.  The  phosphorogenic  rays  of  an  elec- 
tric spark,  which,  as  is  already  known,  are  inter- 
cepted by  glass,  appear  to  be  nothing  more  than 
invisible" rays  of  excessively  high  refrangibility, 
which  there  is  no  reason  for  supposing  to  be  of  a 
different  nature  from  mys  of  light." 

l>irrrs[ciic«  :  Divergent  Scries.  Lines 
which  constantly  recede,  one  from  the  other,  are 


termed  divergent.    For  instance,  two  adjacenfi 
radii  of  a  circle  diverge — A  divergent  series, 
Algebra,  is  an  infinite  series  of  this  .sort : — if,  on 
8toi)ping  at  any  term  of  it,  and  taking  the  serie 
as  there  terminated  for  the  whole  series,  we  can-^ 
not  say  that  the  eiTor  committed  lies  within 
definite  amount  or  limit, — that  series  is  a  diverg- 
ing or  divergent  series.  A 

Diving  Bell.    See  Betx,  DmsG. 

Divisibility.  All  ordinary  bodies  are  sup- 
posed to  be  made  up  of  a  considerable  number  of 
parts,  which  may  be  separated  one  from  another. 
Every  bodj',  however  small,  must  have  a  certain 
volume ;  and  as  this  volume  can  be  divided  in 
abstraction  infinitely,  we  may  imagine  an  infinite 
number  of  lines  draw  on  the  surface  of  the  body, 
or  through  it,  marking  the  boundaries  of  ita 
different  cohering  particles.  If  these  particles 
be  not  joined  by  an  infinite  force,  there  must  be 
some  finite  force  capable  of  separating  them.  If, 
therefore,  we  cannot  conceive  an  infinite  force, 
we  are  driven  to  beheve  in  the  infinite  di\-isi- 
bility  of  matter;  and  such  a  force  we  cannot 
conceive. — But  although  we  are  led  to  a  beUef 
in  the  infinite  divisibility  of  matter,  it  by  no 
means  follows,  that  we  can  divide  it  infinitely. 
The  smaller  atoms  may  be  held  together  by 
forces  perfectly  sufiicient  to  resist  the  most 
powerful  that  we  are  able  to  apply.  The 
metaphysical  question  admits  of  metaphysical 
argument;  but  no  actual  result  is  ever  likely 
to  throw  light  upon  it. — Passing  from  it,  there- 
fore, we  next  ask,  do  we  ever  find  in  practice  a 
limit  higher  tban  the  mere  imperfection  of 
senses,  and  therefore  of  instruments  constructe 
for,  and  adapted  to,  them,  where  the  division 
matter  stops  ?  The  answer  is  clear  and  decisiv 
— we  do  not.  Our  progress  in  di%4ding  bodies 
seems  only  limited  by  the  imperfection  of  our 
senses  and  of  our  implements.  —  Thus,  in  til^ 
case  of  liquids  and  gases,  there  nmst  be  evv- 
dently  a  very  great  divisibility — for  water 
easily  separable  from  water  at  any  point,  aii 
yet  "the  most  powerful  microscope  is  unable 
detect  interstices.  No  inequalities  can  be  iHJT- 
ceived  upon  their  surface,  either  by  the  eye  ( 
the  touch. — All  experiments,  in  fact,  tend 
show,  that  the  divisibility  of  matter  is  almost,, 
if  not  altogether,  infinite.  A  fibre  of  silk  has  a 
thickness  of  ^-^ih  of  an  inch,  a  fibre  of  merino 
is  about  twice  this  in  the  thicluiess  of  its  dia- 
meter, and  the  fibres  of  the  ordinary  hair  in 
animals,  with  the  finer  furs,  are  between  these. 
Yet  each  of  these  very  thin  fibres  contains  a 
complete  system — with  parts  distinct  in  nature 
and  in  properties — which  we  do  not  find  to  adhere 
powerfully,  where  we  can  test  that  adherence.— 
A  tube  of  glass  presented  to  the  blowpipe,  and 
drawn  very  carefully  out  Avill  come  to  be  as  line 
as  this  silk  fibre,  while  retaining  its  character  as  « 
tube,  with  a  distinct  exterior  and  interior  surface. 
The  polish  which  metals  take,  is  another  strik- 
ing instance  of  their  divisibility.    It  is  produced 
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ibbing  them  with  hard  grains,  which  make 
idelinite  number  of  little  holes  at  the  sur- 
,  instead  of  a  smooth  surface.  But  these  are 
hinute,  that  the  same  touch  by  which  a  iibre 
QBlk  is  easily  felt,  cannot  detect  them.  Par- 
I,  tlierefore,  as  small,  or  smaller  than  would 
ti  these  holes,  have  been  detached  from  the 
When  a  soap  bubble  is  blo-\vn,  and  not 
nred  to  detach  itself,  just  before  it  bursts 
is  a  place  at  the  top  where  a  black  spot 
ears — the  rest  of  the  bubble  displaying  all 
CKolours  of  the  rainbow.  This  is  ^soooog''^ 
inch  in  thickness.  We  can  blow  glass  so 
,  that  this  same  phenomenon  will  be  visible ; 
tthen  the  glass  must  be  of  this  same  thick- 
Divisibility  is  strikingly  illustrated  by 
dthinness  of  wires.  Wollaston  placed  a  pla- 
na wire,  T  Jo'^  °f  ^  diameter,  in  the 
nre  of  a  silver  mre  -Jth  of  an  inch.  He  then 
ft  them  through  a  drawing  plate,  and  the  re- 
fwas  that,  as  the  platinum  constantly  main- 
eed  its  proportion  to  the  silver;  when  the 
Kr  was  xsW'^  °f  i^'^^j  former  was 
jo^th  in  diameter.  The  silver  was  then 
iblved  away  by  nitric  acid,  which  left  the 
mm  wire.  Divisibility  is  well  illustrated 
Uie  case  of  odours.  A  room,  the  supply  of 
fen  which  is  regularly  renewed,  will  be  per- 
KBd  for  months  by  a  little  musk  exposed  in 
»while  yet  no  loss  can  be  detected  in  the 
l^ht  of  the  musk.  This  odour  is  caused  by 
floating  in  the  air  of  odoriferous  particles 
■ersed  through  it.  The  most  striking  in- 
Kces  of  divisibility  are  found  in  the  animal 
1  vegetable  kingdoms.  Wherever  we  find 
bbodies,  differing  in  nature,  in  juxtaposition, 
aconceive  that  the  mass  made  up  of  the  two 
nvisible.  Proceeding  upon  this  principle,  let 
insider  a  drop  of  blood.  This  has  been  dis- 
rered  microscopically  to  be  made  up  of  a  very 
.t  number  of  globules,  differing  in  size  and 
according  to  the  species.  In  man,  and 
le  other  mammalia,  for  instance,  they  are 
irical ;  and  in  birds  and  fishes,  elongated, 
lan,  again,  they  are  ttoo*^  °^  i° 
leter ;  in  the  gnat,  in  which  they  are  small- 
ilabout  -j-soot^  of  an  inch,  and  they  vary  be- 
■nsn  this  and  -j-^Xio^h  of  an  inch.  Now  in  all 
3  globules  there  is  a  distinct  chemical  con- 
Ion  ;  all  of  them  are  made  up  from  distinct 
e  of  the  body,  and  therefore  all  of  them  are 
•ately  subdivisible — Finally,  there  are  ani- 
•  as  small  as  th&se  globides  of  blood.  We 
«ot  prove  that  they  have  organs.  But  we 
»them  move,  and  this  requires  a  complicated 
mnism.  They  arc  capable  of  directing  them- 
'  a  to  the  accomplishment  of  ends— of  shun- 
obstacles— and  even  of  vanquishing  them, 
ithese  properties,  microscopicallv  discovered, 
■G  the  existence  witliin  them  of  a  compli- 
■d  orgamsra,  and  therefore  the  smallest  object 
i5h  we  can  perceive  must  be  yet  indefinitely 
-ible.    Great  and  Uttle,  in  truth,  seem  in 
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creation  alike  terras  expressing  merely  relation  to 
us,  and  vanish  in  the  universe  of  the  Infinite 
God. 

Division,  in  Arithmetic,  an  operation  the 
reverse  of  multiplication.     Its  symbols  are 
a 

b  )  a  (  :  ^ :  or  a  -f-  b. 

Division,  in  Astronomical  Instruments,  signi- 
fies that  graduation  of  their  arcs  or  circles,  by 
which  equal  parts — the  measures  of  equal  angles 
— are  marked  out  on  them.  The  practical  art 
of  division  is  now  carried  to  very  high  perfection. 
The  late  Troughton  greatly  advanced  it  by  his 
exquisite  dividing  engine ;  and  continental  artists 
have  certainly  not  lagged  in  the  race.  In  this 
country,  astronomical  cu-cles  are  usually  divided 
primaiily  into  every  Jive  minutes  of  arc  :  on  the 
continent  they  cany  primary  subdivisions  far- 
ther— as  far  as  two  minutes  of  arc.  These 
primary  intervals  are  of  course  again  subdivided, 
in  either  case,  by  aid  of  Verniers  or  Reading 
Microscopes  (q.v.)  Notwithstandmg  the  ex- 
treme accuracy  of  the  mechanical  di^osions, 
however,  the  observer  never  trusts  absolutely  to 
that  accuracy.  The  errors  of  its  division,  are 
among  the  errors  which  he  conceives  inseparable 
from  his  instrument ;  and  he  does  not  delay  to 
investigate  their  amount, — employing  the  results 
of  his  inquiries  in  accordance  with  the  theory  of 
corrections.  The  investigation  is  a  tedious  one, 
and  will  be  found  explained  in  special  treatises 
on  astronomical  instruments. 

Dome.  The  spheroidal  or  spherical  top  of  a 
building.  It  is  very  frequently  placed  above 
a  circular  tower.  The  dome,  as  distinguished 
from  the  cupola,  signifies  the  exterior  smface; 
while  the  cupola  signifies  the  interior.  The 
principles  of  the  dome  are  very  much  those  of 
the  bridge  and  the  arch  (see  Aech),  and  are 
fully  explained  in  ordinary  architectural  works. 
— See  Vault. 

Dominical  rietter.  It  is  often  convenient 
in  historical  research  to  know  upon  what  day  of 
the  week  a  particular  event  may  have  taken 
place,  when  its  date  (e.g.  19th  January,  1563) 
is  specified.  For  the  purpose  of  determining 
tills,  tables  of  dominical  letters  are  constructed. 
Their  meaning  and  method  of  employment  is  as 
follows.  The  seven  first  letters,  A,  B,  C,  D,  E, 
F,  G,  are  connected  with  the  first,  second,  third, 
&c.  days  of  every  year,  A  being  again  connected 
with  the  eighth,  B  with  the  ninth,  &c.,  A  with 
the  fifteenth,  B  with  the  sixteenth,  C  with  the 
seventeenth,  and  so  on.  The  dominical  letter  is 
that  letter  which  falls,  according  to  this  arrange- 
ment, to  the  first  Sunday  (Lord's  day — dominus 
—dominical')  of  each  year.  In  leap  year  there 
is  no  letter  connected  with  the  twenty-ninth  of 
February,  but  one  is  missed  over  for  that  da^-. 
It  is  evident  that  the  same  result  will  be  obtained 
by  taking  tho  letter  next  to  the  dominical  letter 
of  the  year  (e.g.  E  for  D)  as  the  dominical  letter 
after  that  date.  Every  leap  year  has  two  domi- 
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nical  letters,  one  for  the  first  two  months  and 
one  for  the  last  ten.  If  then  we  have  the 
dominical  letter  for  each  year,  and  tables  are 
constructed,  according  to  the  old  style  and  to  the 
new  style,  which  give  this  immediately,  we 
turn  to  another  table  wherein  Ave  have  the  year 
divided  into  52  weelvs,  thus — 

Same  day  of  iveek  for  each  line.  ' 
Jan.  1,  8, 15,  22,  29,  Feb.  5,  12, 19,  26,  Mar.  5. 
Jan.  2,  9,  16,  23,  30,  Feb.  6,  13,  20,  27,  Mar.  6. 
Jan.  3, 10, 17,  24,  31,  Feb.  7,  14,  21,  28,  Mar.  7. 
Jan.  4,  11,  18,  25,  Feb.  1,  8,  15,  22,  Mar.  1,  8, 
and  so  on. 

1'hen  if  our  first  table  gives  the  dominical  letter 
C,  the  letter  corresponding  to  the  third  day 
of  the  year — the  first  Sunday  of  that  year  is 
on  January  3d.    All  the  days  along  the  hori- 
zontal line  commencing  with  it  are  Sundays 
also ;  and  according  as  the  commencing  days  of 
the  other  seven  lines  (Jan.  1st,  Friday ;  Jan.  2d, 
Satui-day;  Jan.  4th,  Monday;  Jan.  5th,  Tues- 
day; Jan.  6th,  Wednesday;  Jan.  7th,  Thurs- 
day) are  Slondays,  Tuesdays,  &c.,  so  are  all  the 
dates  marked  along  these  lines.   Should  the  year 
be  a  leap  year,  instead  of  C  for  the  dominical 
letter  we  shall  have  C  and  D ;  the  first,  until 
the  end  of  February;  after  which,  the  second,  till 
the  end  of  the  year.    It  is  evident  that  E  would 
be  the  letter  for  next  year,  F  for  the  next,  G  for 
the  next,  and  for  the  fourth  A,  B.    For  in  each 
successive  year  there  are  just  52  weelcs  with  one 
day  (two  in  leap  year)  remaining  over,  wherefore 
the  letter  is  put  forAvard.    In  our  usual  tables 
the  dommical  letter  is  printed  in  capitals,  and  the 
other  letters — corresponding  to  the  other  com- 
mencmg  days — in  small  characters.  The  domini- 
cal letter  was  introduced  by  the  primitive  Chris 
tians  in  place  of  the  Nundinal  letters  of  the 
Koman  calendar. 

Double  Stars.  See  Stars. 
Draco  (Ihe  Dragon.')  One  of  the  old  con- 
stellations. Its  principal  stars  lie  between  Ursa 
Minor,  Cepheus,  Cygnus,  and  Hercules.  The 
star,  7  Draconis,  of  the  second  magnitude,  is 
celebrated  as  the  one  used  by  Bradley  in  the  dis- 
covery of  aberration,  y  and  /3  Draconis  are 
nearly  in  the  line  joining  Deneb  and  Arctnrus. 
The  extreme  star,  X  Draconis,  between  the  third 
and  fourtli  magnitude,  is  situate  very  nearly  be- 
tween the  pole  star  and  its  two  pointers.  The 
star,  y  Draconis,  was  so  used  by  Bradley,  because 
j'  was  the  largest  star  passing  near  his  zenith, 
and  tlicrefore  littcd  to  secure  at  once  distmctuess 
of  observation,  and  freedom  from  refraction.  _ 

DiictilHy  is  that  property  of  bodies,  m  virtue 
of  which  they  may  be  drawn  out  in  length,  Avhilc 
their  diameter  is  diminished,  without  any  Irac- 
ture  or  separation  of  their  parts.  This  property 
is  peculiarly  noticeable,  and  important  in  tlie 
case  of  the  metals.  Tlie  degree  of  ductility  ni 
bodies  is  affected  — increased  or  diminished 
through  the  agency  of  heat.  Metals  arc  ducti  e, 
generally  speaking,  at  any  temperature.  Ihe 
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degree  of  ductility  appears  always,  however,  in 
their  case,  to  be  influenced  by  temperature. 
Some  metals,  such  as  brass,  and  a  kind  of  iron, 
called  red  short,  are  more  ductile  at  ordinary 
temperatures  than  when  hot.   The  only  general 
rule  which  we  can  apply  is,  that  the  heat  at  which 
a  body  is  ductile,  is  less  than  that  at  which  it  is 
fusible.    While  the  body  remains  ductile,  there 
is  a  force  joining  the  particles  together,  but  when 
it  has  become  fused,  all  force  has  ceased  to  con- 
strain the  junction  of  particles.  Ductihty  is  pro-i 
duced  in  certain  masses,  as  certain  clays,  byr 
their  intermixture  with  water :  when  they  are 
in  the  medium  state  between  sohdity  and  fluidity, 
these  bodies  are  ductile.    They  form,  then,  a 
pretty  thick  paste.    The  order  of  the  ductility 
of  the  metals  is  very  nearly  the  folloA\-ing,  begm- 
ning  at  the  highest : — Gold,  silver,  platinum,  iron,: 
copper,  zinc,  tm,lead,  nickel,  palladium,  cadmium. 
This  is  nearly  the  same  order  as  that  of  then-  mal- 
leability.   There,  is,  therefore,  some  connection 
between  the  two  properties,  but  the  relation  does 
not  hold  universally.    Iron,  for  instance,  is  ex- 
tremely ductile,  but  not  verj'  malleable.  The 
connection  and  the  difference,  are  usually  ex- 
plained thus :  That  in  ductile  bodies  the  partidwi 
are  interwoven,  or  rather,  consist  of  short  fibres,-i 
placed  side  by  side,  while  in  malleable,  they 
form  little  plates,  the  one  kind  shding  by  their 
flat  sm-faces,  the  other  from  extremity  to  ex- 
tremity.   We  shaU  give  one  or  two  examples  of 
ductility    When  gold  is  treated  by  the  gold-  t 
beater,  Reaumur  fomid  that  a  gram  of  it  could  > 
be  beaten  into  a  plate  contaming  about  36  I 
square  mches.    So  far,  it  is  malleable  without  ^ 
difficulty.    It  is  next  spread  round  an  ingot  of 
silver,  about  an  inch  and  a-half  in  diameter,  and 
then  passed  repeatedly  through  the  draw-platf, 
until  the  thickness  of  the  thread  of  sUver  is  not 
above  l-9000th  part  of  the  thickness  of  the  ingot,  li 


All  this  time,  the  gold  remams  on  the  silver,  and 
is  spread  over  the  surface,  without  leaving  a  t 
single  spot  uncovered,  even  Avhen  Anewed  micros- H 
copically.  The  gi-ain  of  gold  is  therefore  sp-""' 
over  a  square  of  15  ft.  in  the  side.    By  pres 
even  this  very  thin  Avire  betAveen  large  cyliudi 
it  is  very  considerably  extended.    It  is  to 
noted,  howcA^cr,  that  if  beaten  Anciently  Avitli 
hammer  for  some  minutes,  it  Anil  become  cT 
paratively  brittle ;  and  it  is  then  impossible 
extend  it  much  farther.    The  ductility  of  gl 
at  a  red  heat  is  very  remarkable.  Threads 
the  greatest  fineness  can  be  made  of  it.  If, 
instance,  we  take  a  piece  of  glass,  and  heat  it  OA-e 
a  furnace,  avc  may  catch  some  of  the  licalcd  mM  ^ 
Avith  an  iron  hook,  and  draAv  it  aAvay,  still  ad 
hering  to  the  glass.    Lay  it  now  on  a  whee 
and  turn  this  rapidly,  when  a  number  of  codsj^ 
very  fine  glass  thread  Avill  encircle  it,    Tlie  fc«» 
of  these  threads  is  elliptical,  one  diameter  boni 
lliroe  or  four  times  greater  than  the  other.  Tne 
flexibility  is  almost  as  great  as  that  of  the  fi' 


der's  web  fibres  (which  is,  by  the  way,  it 
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cellent  instance  of  ductility),  and  it  Las  been 
n  tliought  possible  that  articles  of  apparel 
^ht  be  mannfactured  from  glass  fibres,  in  con- 
uence  of  their  flexibility  increasing  with  the 
!;;iess. 

Oynamctcr.  A  beautiful  little  instrument, 
istracted  for  the  purpose  of  determining  with 
•  greatest  possible  precision  the  effective  mag- 
ving  power  of  a  telescope.    It  is  well  known 

Tblescope,)  that  this  can  be  obtained  by 
uling  the  focal  distance  of  the  object-glass 
the  focal  distance  of  the  eve-piece.  Now,  if 
look  through  the  eye-glass  at  the  image  of 
object-glass,  formed  at  the  common  focus,  the 
meter  of  the  image  wiU  bear  the  same  ratio 
lie  diameter  of  the  object-glass,  as  the  focal 
ance  of  the  eye-glass  does  to  that  of  the  object- 
It;  therefore,  we  divide  the  diameter  of 
object-glass,  by  that  of  the  image  so  formed, 
shall  have  the  magnifying  power.  Now,  the 
:tive  diameter  of  the  object-glass,  is  one  of 
data  of  any  telescope,  and  readily  measured, 
hen,  we  can  obtain  an  instrument  Ciipable  of 
surmg  its  image,  we  shaU  obtain  the  magni 
S  power  of  that  telescope.  Such  an  mstru- 
t  is  the  djTiameter.    The  simplest  method, 

the  one  which  most  readUy  occurs,  is  to 
e  a  slip  of  mother  of  pearl,  carefully  gradu- 

m,  say,  hundredths  of  an  inch,  near  the 
mon  focus,  adjusting  it  carefuUy  for  distinct 
'11,  and  reading  off  the  number  of  divisions 
reen  the_  top  and  bcittom  of  the  luminous 
;e.  This  construction  does  not,  however, 
;e^a  very  rigorous  determination  of  the 
nifymg  power  desired.  Eamsden  was  the 
ntor  of  the  double-image  dvnameter,  and 
ond  improved  his  construction.  Fig 
ssents  the  instrument  in  a  side  view,  and 
2  represents  a  section  of  it,  through  the  box 
c  D.  The  graduated  circle  f,  is  attached  to 
;crew-head  e,  and  turns  with  it.  The  screw 
Id  the  screw  I  both  enter  the  mit,  but  are 
one  nght  and  the  other  left-handed.  They 
:  the  same  number  of  turns  to  the  inch,  and 
inside  screw  i  moves,  within  the  tubular 
'■■  H,  m  a  thread  adapted  to  it.  When,  there 

Ave  turn  the  nut  e,  the  one  screw  moves 
ard  and  the  other  backward.  They  separate 


Tlh/J^^^"  "f'Sll  Now, 

se  the  one  screw  attached  to  one  plate  aiTd 
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the  other  screw  to  another  plate.    Each  of  these 
plates  contain  a  small  semicircular  lens,  k  and  l 
and  when  these  plates  are  together,  the  lenses  are 
together.    The  movement  of  the  screw  separates 
the  centres  of  these  lenses,  and  the  amount  of 
separation  is  measured  by  the  mmibsr  of  tunis 
and  parts  of  a  turn  of  the  gi-aduated  circle  f.' 
As,  however,  it  would  be  troublesome  to  keep 
account  of  these,  a  very  small  mother-of-pearl 
plate,  G,  is  attached  outside  to  one  of  the  inside 
plates,  and  is  graduated  so  tnat  one  division 

upon  it  is  passed  over  in  one  turn  of  the  screw.  

When  the  dynameter  is  used,  it  is  held  in  such 
a  position  near  the  eye-glass  whose  power  we 
wish  to  test,  that  the  image  of  the  object-glass 
may  be  distinct  within  it.     The  screw  of  the 
micrometer  is  then  carefidly  turned,  imtil  the 
two  discs  which  immediately  begin  to  show 
themselves  just  touch  at  their  outer  extremity. 
Their  position  being  noted,  the  same  operation 
is  repeated  by  again  turning  until  the  two 
just  touch  at  the  other  side,  and  the  number  of 
turns  and  parts  of  turns  are  again  noted.  As  the 
discs  move  equally,  the  space  passed  over  during 
each  motion,  will  correspond  to  the  magnitude 
of  the  disc,  and  the  mean  of  the  two  will  be  that 
magnitude,  corrected  for  errors  of  the  scale. 
As  It  is  of  great  importance  that  the  semicircular 
lenses  should  only  separate  at  the  line  of  their 
centres,  not  letting  that  Ihie  change  in  du-ection, 
a  horse-shoe  spring,  o,  is  adapted  so  as  to  press 
against  the  plates,  and  to  keep  them  properly 
adjusted.     This  micrometrical  method  admits 
of  very  great  accuracy.     The  dynameter  is 
apphcable  to  any  telescope  on  whatever  prin- 
ciple constructed—Although  not  strictly  a  dma- 
meter,  the  method  proposed  by  Gauss  for  deter- 
mmmg  the  magnifying  power  of  a  telescope  mav 
be  mentioned  here.    If  we  invert  the  telescope, 
and  du-ect  the  eye-piece  toward  some  distant  ob- 
ject, then,  on  lookmg  through  the  object-glass, 
the  image  of  this  object  will  appear  as  manv 
times  reduced  in  size  as  it  would  be  magnified 
by  the  telescope,  if  we  observed  throueh  the 
eye-piece.   The  telescope  then  is  directed ''so  that 
two  objects  can  be  distinctly  seen  through  the 
object-glass  in  the  middle  of  the  field  of  view 
or  at  equal  distances  from  the  optical  axis.  A 
theodohte  is  now  directed  towards  the  telescope, 
so  that  the  optical  axes  of  botli  coincide,  and  the 
angle  a,  formed  by  the  two  foregoing  objects,  is 
measured  by  the  theodolite.    Next,  remove  the 
telescope,  and  measure  vnth  the  theodolite  the 
angle  A  really  comprehended  between  the  objects 
themselves.    The  required  magnifying  power,  m, 

tan.  ^  A 
tan.  J  a 

or,  if  A  and  a  are  small,  it  is  simply  =- 

a  ■ 

Other  modes  of  accomplisliing  the  same  object 
arc  given  Li  all  works  on  practical  optics. 
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Vynnniics.    That  portion  of  abstract  or 
purely  deductive  Science  which  takes  account  of 
the  habitudes  of  a  point  or  body  as  to  Motion, 
■when  that  body  is  acted  on  by  any  System  of 
Forces,  has  with  great  propriety  been  designated 
Rational  Mechanics.    But  the  habitudes  ui 
question  are  of  two  distinct  kinds :— either  the 
System  of  Forces  acting  on  it,  will  keep  the  point 
or  body  at  rest,  or  it  will  impress  on  it  a  definite 
motion.    To  determine  the  conditions  and  rela- 
tions of  Forces  that  produce  rest,  or  which  are 
internally  m  equilibrio,  is  the  fimction  of  Statics 
(q.v.) :  to  determine  the  direction  and  amount  of 
motion  which  any  System  not  in  equilibrio,  vnO. 
impress  on  a  point  or  body  under  any  given  cir- 
cumstances, is  tlie  province  of  Dynasucs.  At 
the  foundation  of  both  departments  of  Inquiry, 
rest  certain  recognized  results  usually  termed  the 
Laws  of  Motion,— a  most  important^  subject, 
discussed  in  this  dictionary  under  an  article  with 
that  name.  Departing  from  these  Laws,  the  entire 
fabric  of  Rational  Mechanics— Statics  and 
Dynamics,  is  essentially  deductive.— Without 
attempting  to  enter  on  details,  we  shall  now 
briefly  sketch,  under  a  few  heads,  tbe  leading 
contents  of  Dynamics. 

(1.)    Dynamics,  fundamental  conceptions^  of 
Different  kinds  of  Motion ;  their  characteristics 
and  the  mode  of  expressing  them. — There  are 
two  gi-and  classes  of  Motions— wwi/bm  Motions  ; 
and  varied  Motions,  or  Motions  whose  rate  is  ac- 
celerated or  retarded  according  to  some  function 
of  the  Time  durmg  which  they  exist.    The  cha 
racteristic  of  the  former  class  is  simple,  and 
easily  expressed,— consistmg  merely  in  the  fact, 
that'  the  spaces  described  by  a  body  in  uniform 
motion  are  proportional  to  the  times  ofdesciiption: 
and  the  whole  habitudes  of  a  body  under  the  in- 
fluence of  a  motion  or  of  motions  of  this  descrip- 
tion, are  immediate  results  from  the  Laws  of 
Motion,  and  then:  Composition     w.)  The 
only  pomt  of  difficulty,  then,  connected  with  the 
conception  and  expression  of  3Iotion,  has  reference 
to  the  case  of  Varied,  i.e.  of  accelerated  or  re- 
tarded Motions ;  and  it  is  to  this  subject  alone- 
one  in  which  we  owe  the  first  and  all-important 
step  to  Galileo— that  our  present  rcmarlvs  are 
addressed.  These  rcmarlcs  are  restricted,  further, 
to  the  case  of  accelerated  motions ;  for,  since  a 
retardation  may  be  considered  as  a  negative  ac- 
celeration, it  is  manifest  that  the  laws  of  the 
one  class  are  virtually  included  under  the  laws 
of  the  other.     One  other  prelimmary  state- 
ment- A'  bodv,  however  accelerated,  will  gcue- 
rallv  be  found"  moving  rmder  the  influence  of  two 
forces  or  causes  of  motion,  a  force  causmg  an 
uniform  motion,  and  a  force  causmg  a  vaned 
motion.    These,  however,  may  be  separated 
i.e.  the  space  which  tlio  body  would  pass  over 
in  a  given  time  in  obedience  to  the  uniform  force 
may  be  calculated  apart;  and  also  the  space  it 
would  move  over  in  the  same  time  in  obedience  to 
the  accelerating  force:  the  sum  of  these  spaces 
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will  plainly  be  the  entire  space  through  which 
the  body  has  moved  in  that  time.    The  question 
thus  simplified  may  now  be  enunciated  as  follows : 
Suppose  a  body  to  become  subject  to  an  accel 
crated  motion,  how  shall  we  express  or  compu^ 
its  habitudes — viz.,  its  velocity  at  the  end  of  a 
given  time,  and  the  space  it  has  traversed  in  that 
time  ?     The  simplest  case  is  that  of  uniformly 
accelerated  motion,  or  that  motion  which  receives 
an  equal  increment  in  an  equal  time ;  one,  how- 
ever, already  so  fully  discussed  under  article  Ao^ 
CELERATED  MoTiON,  that  wc  Can  dispense  widi' 
further  elucidation  here.    The  laws,  as  there  vsf 
folded,  are  certain,  definite,  and  manageable,  so 
that  in  so  far  as  this  fundamental  conception 
Dynamics  is  concerned,  or  the  modes  of  expr: 
ing  and  dealuig  with  it,  there  remauis  nothing 
be  desired.     It  is  the  case,  as  the  sagacity 
Galileo  discerned,  of  falling  bodies ;  and,  ind 
the  only  form  in  which  accelerated  motion 
presented  by  the  phenomena  of  Nature 
other  and  more  complex  descriptions  of  ac 
rated  motion, — motions  in  which  the  accelera" 
takes  place  according  to  other  functions  of  _ 
time,— are,  therefore,  purely  hypothetical; 
should  consideration  or  discussion  of  any 
ever  be  required,  the  Infinitesimal  Calculus 
be  found  quite  as  capable  of  representing 
discussing,  them,  as  it  is  with  regard  to  the  ac 
case  just  spoken  of.    No  difiaculty,  whate 
therefore,  now  encumbers  this  foundation  of 
ral  Djmamics ;  so  that  we  may  proceed  to  ^ 
vey  briefly  the  nature  of  the  solutions  provi 
by  that  Science,  for  all  problems  concerning 
habitudes  of  bodies  subjected  in  any  way  to 
motions. 

(2.)  Theoretical  Dynamics.    Part  I.—l. 
Motion,  free  or  constrained,  of  Points.—' 
entering  the  inquiry  concerning  the  habitudffl 
Points  in  Motion,  it  is  easy  to  discern  that  it 
tains  two  problems— a  direct  and  an  inverse. 
may  be  requu-ed,  for  instance,  to  deternmie  _ 
shape  of  the  path,  which  a  point  must  descn^ 
when  partaking  of  various  given  motions ;  or, ' 
shape  of  the  path  being  given,  it  may  be  reqr" 
to  determine  those  separate  motions  or  forces  t 
influence  of  which  the  point  may  describe 
path.  An  instance  of  the  first  problem  is  tbi?  - 
given  the  impulse  which  a  projectile  receives,  a-Hi 
assuming  the  laws  of  falling  bodies,  to  detennin, 
the  mxvQ  described  by  the  projectile  ?    An  iDi 
stance  of  the  second  problem  is  presented  by  % 
phenomena  of  the  solar  system,  viz :  the  planrt 
describe  ellipses  around  the  sun,— required  t', 
forces  that  cause  them  to  describe  that  patu 
Throughout  the  whole  of  the  Science  of  ^\ 
namics,  this  division  mto  direct  and  inver^ 
problems  necessarilv  prevails ;  but  as  the  invei> 
solution  depends  for  its  methods  on  the  conce^ 
tions  contained  in  the  direct  one,  we  shall  rcstn; 
ourselves  here  to  consideration  of  the  latter. 
ought  to  be  remarked,  however,  that  itwa- 
laying  tlie  foundation,  and  in  so  far  complcu  , 
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solution  of  the  inverse  problem,  that  Huy- 
ns  and  Newton  obtained  their  unwithering  lau- 
.  A  Point,  under  the  influence  of  continuous 
■es,  may  either  be  free  to  move  through  space 
hese  forces  shall  direct  it,  or  it  may  be  con- 

■  led,  i.e.  it  may  be  restricted  to  motion  on 
'  plane  or  curved  surface,  to  which  it  is  at- 

ued,  (for  instance,  it  may  be  free  only  to  slide 
ig  the  surface  of  a  table,  or  the  convex  sur- 

■  of  a  globe,  &c.)  Hence  two  classes  of  In- 
ries  regarding  the  motion  or  the  path  of  a 
lit.  Dynamics  furnish  the  complete  solution 
loth. — I.  The  method  of  treating  the  case  of 
■ee  Point,  which  is  now  generally  adopted, 
lue  to  Euler.    Taking  each  force  separately, 

inslantaneovs  cxtion  of  that  force  on  the  point 
nolecule,  is  decomposed — by  the  theorem  of 

decomposition  of  Forces— into  three  others, 

ig  the  three  usual  rectangular  co-ordinates: 
by  adding  together  the  corresponding  cem- 
ents of  all  the  actual  forces,  we  reduce  them  to 
e  continuous  forces  acting  on  the  molecule, 
ig  these  co-ordinates.   If,  then,  the  total  force 
ig  the  axis  x  be  named  X ;  the  force  along 
axis  y,  be  named  Y ;  and  that  along  z,  Z  ; 
immediately  obtain,  in  accordance  with  the 
5  of  accelerated  motion,  the  following  equa- 
for  any  time  t, 

<r-x 


=  x. 


d«2 


=  Z. 


also — 


f»=2  (Xdx-\-Y  d?/-{-Zdz), 

I  which  equations,  the  co-ordinates  which 
le  the  nature  of  the  curve,  and  the  law  of  the 
city  of  the  molecule  in  it,  maj'  be  deduced 

II  ere  analytical  methods.    In  the  more  com- 
cases,  the  analytical  difficulties  (like  every- 

g  depending  on  integration,')  are  often  veiy 
t :  indeed,  it  has  been,  by  the  efforts  requi- 
to  overcome  such  difficulties,  as  presented 
dynamical  problems,  that  Analysis  itself 
illy  advanced : — the  purely-dynamical  por- 
c  of  the  problems  rarely  opposes  serious  ob- 
eles  to  the  inquirer._II.  If  the  point  is  not 
b  but  so  attached,  let  us  say,  to  a  curve  sur- 
t  that  it  cannot  depart  from  that  surface,  the 
>lem  becomes  more  complex,  although  there 
isss  difference  between  the  two  cases  than  at 
^appears.  We  have  only,  indeed,  to  account 
•me  of  the  continuous  forces,  acting  on  the 
aecule,  the  total  resistance  offered  by  the  given 
«ce:  and  the  one  problem  then  becomes  iden- 
1  with  the  other.  The  difficulty  resides  in  the 
It  analysisof  that  resistance.  Now  this  consists 
"•vo  parts  qmte  distinct,  and  which  may  be  dis- 
■nished  as  the  Statical  resistance,  and  the  Dy- 
ical  resistance.  The  statical  resistance  is  that 
:h  would  take  place  if  the  molecule  remained 
oonless;  it  is  the  resistance  of  the  surface  to 
F  pressure  of  the  moleciUo  upon  it  at  any 
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inptant ;  and,  therefore,  must  be  effectively  equal 
and  opposite  to  the  energy  with  which  the  con- 
tinuous force  that  acts  on  the  molecule,  presses 
it  dow  on  the  curve  at  that  instant — an  energy' 
easily  expressed  by  aid  of  the  theorem  of  the 
Composition  of  Forces.  The  dynamical  resistance, 
on  the  other  hand,  has  quite  a  different  origin ; 
it  is  engendered  by  the  motion  of  the  point ;  and 
results  from  the  tendency  of  eveiy  body  to  aban- 
don the  curve  it  is  forced  to  describe,  and  to  fol- 
low, at  every  instant,  in  obedience  to  the  First 
Law  of  Motion,  the  direction  of  its  tangent.  This 
peculiar  resistance  is,  of  course,  always  and  ne- 
cessarily manifested,  when  the  pomt  passes  from 
one  element  of  the  curve  surface  to  the  next  ele- 
ment ;  and  a  few  simple  considerations  enable  us 
to  ai-rive  at  the  theorem,  that  the  centrifugal 
force  is  always  equal  to  the  square  of  the  effec- 
tive velocity  of  the  moving  point,  divided  by  the 
radius  of  curvature  of  the  curve  surface  at  the 
instant  in  question.  The  direction  of  this  special 
forrn  of  resistance  is  as  easily  obtained  as  its  in- 
tensity: and  when  it  is  compounded  with  the 
statical  resistance  described  above,  we  have  that 
total  new  force,  to  which,  because  of  its  connec- 
tion with  the  surface,  or  because  of  its  constraint, 
the  point  or  molecule  is  subjected.    Jommg  that 
force  of  resistance  to  the  other  continuous  forces, 
we  reduce,  as  already  stated,  the  case  of  a  con- 
strained, to  that  of  a  free  Point. 

(3.)  Theoretical  Dynamics.    Part  II. — The 
Motion  of  a  rigid  system  of  Points  or  of  a  Solid 
Body.— The  problem  just  analyzed  'is  plainly 
nothing  more  than  an  abstract  one ;  and  its  value 
consists  in  its  bemg  the  necessary  foundation  of 
all  actual  or  real  inquiries.    Nothmg  exists  in 
nature,  similar  to  the  motion  of  free  or  constrained 
points.    We  have  to  do,  in  real  exigencies,  with 
bodies,  or  rigid  systems  of  points ;  and  it  is  quite 
clear  that  no  lody  in  motion  can  be  treated  as  a 
simple  point,  just  because  the  mutual  actions  and 
reactions  of  the  several  parts  or  points  of  which 
it  is  composed,  must  necessarily  modify,  and— it 
may  be— greatly  change  the  motion  that  would 
be  assumed  by  any  of  these  pomts  taken  sepa- 
rately, and  affected  by  the  continuous  forces  at 
work  upon  the  bodies.    To  rise  from  the  abstract 
problem  to  the  real  one  is,  therefore,  the  aim  of 
this  second  section  of  Theoretical  Dynamics;  and 
the  honour  of  establishing  a  general  and  adequate 
method  is  due  to  D'Alembert.    Previous  to  the 
labours  of  the  gi-eat  French  geometer,  each  new 
set  of  jiroblems  belonging  to  this  class  was  treated 
by  aid  of  a  separate  general  prmciplo— as  it  was 
called — some  principle  peculiarly  applicable  to 
the  questions  imder  consideration ;  and  this  was 
the  origui  and  object  of  all  those  scjiarate  p?-m- 
ciples  in  Dynamics,  which  are  in  reality  only 
general  theorems,  well  adapted  to  the  treatment 
of  the  kind  of  problems  in  which  they  primarily 
originated.    D'Alembert  put  an  end  to  the  reign 
of  these  special  theorems,  by  taking  account  di- 
rectly of  the  dynamical  meaning  of  the  acUun 
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and  reactionofinoving  rigid  systems  of  points,  and 
expressing  that  in  a  general  equation.  See 
Alembeut,  D',  Principle  of.  The  character  of 
this  famous  principle  may  be  stated  once  more. 
"  When,  by  the  reactions  which  several  points 
exert  on  one  another  through  effect  of  their  con- 
nection, each  of  them  takes  on  a  motion  in  obe- 
dience to  external  forces,  different  from  what  it 
would  have  done,  were  it  single  and  /ree,  this 
free  movement  may  be  considered  as  composed 
of  two  others — the  movement  wliich  actually 
takes  place,  and  the  movement  which,  through 
that  connection  or  constraint,  has  been  destroyed. 
Now  these  destroyed  movements  will  be  found,  in 
every  system,  to  be  of  a  contrary  character, — some 
of  the  points  actually  mo^nng  swifter  than  they 
could  have  done  freely,  and  others  more  slowly. 
D'Alembert's  principle  is  that  these  destroyed 
quantities  of  motion— the  one  set  positive,  the 
other  negative — necessarily  balance  each  other." 
The  student  will  easily  recognize  that,  by  aid  of 
a  principle  so  simple  and  comprehensive  as  this, 
all  problems  involving  the  action  and  reaction  of 
a  system  of  rigid  points,  are  at  once  reduced— in 
as  far  as  these  reactions  or  that  rigidity  is  con- 
cerned— withm  the  sphere  of  problems  of  _  equili- 
brium ;  and  Lagrange  accordingly,  in  his  immor- 
tal work,  the  Mecanique  Anahjtiqiie,  has  com- 
bined D'Alembert's  theorem,  \vith  the  Statical 
Principle  of  Virtual  Velocities, — thus  raismg  the 
science  of  Dynamics  to  its  highest  logical  per- 
fection.   We  may  conclude,  therefore,  with  re- 
gard to  this  second  part  of  Theoretical  Djmamics 
iil?ewise,  that  it  now  presents  no  speculative  dif- 
licultv. 

(a})  Theoretical  Dynamics.  Part  Til.  Motions 
of  Rotation. — A  system  of  rigid  points  may  be 
subject  to  two  descriptions  of  motions — to  one  or 
the  other,  or  both,— that  in  themselves  are  alto- 
gether distinct.     It  may  undergo  translation 
through  space;  or  it  may  rotate  around  some 
point  -(vithin  itself;  or,  while  being  translated,  it 
may  also  rotate.    The  habitudes  of  the  body  as 
to  both  motions,  may  indeed  be  investigated  by 
one  general  method;  but  the  consideration  of 
these  motions  apart,  has  recently  tended  greatly  to 
the  simplification  and  rationalizing  alike  of  Sta- 
tics and  DjTiamics;  and  the  method  of  doing  this 
is  unquestionably  due  to  M.  Poinsot.    The  way 
to  tliis  signal  advance  in  method,  originated  Avith 
the  great  and  ever-fertile  Euler ;  so  that,  after 
his  time,  the  complete  analysis  of  the  movement 
of  any  system,  acted  on  by  any  forces,  consisted 
in  determining,  ^/-s^,  the  velocity  of  its  centre  of 
trravity  and  the  direction  along  which  it  is  being 
translated;  and,  secondly,  t\vii  direction,  at  each 
instant,  of  the  spontaneous  axis  of  rotation  pass- 
ing through  tlie  centre  of  gravity,  and  the  velo- 
citvof  the  rotation  of  the  system  around  that 
axis.    To  effect  this  latter  task  directly,  I  omsot 
proposed  his  theory  of  Covpks,  and  thereby  gave 
a  positive  and  real  significance  to  three  of  the 
six  general  equations  of  Equilibrium,  lb" 
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bearing  and  significance  of  Poinsot's  doctrine  are 
exposed  fully  under  articles  Couples  and  Sta- 
tics, q.v.  And  the  student  is  especially  referred 
to  recent  memoirs  on  Rotation,  by  that  perspi- 
cuous writer,  for  evidence  of  the  great  simplicity 
with  Avhich  a  subject,  once  so  difficult  and  even 
intractable,  is  now  invested. 

(5.)  Dynamics,  General  Theorems  in. — Eefer- 
ence  has  been  made  above,  to  those  theorems— 
s/jecia?  theorenis  they  ought  to  be  termed — which 
in  the  course  of  the  progress  of  science  have  been 
welcomed  and  rightly  valued  because  of  their 
applicability  to  various  classes  of  researches. 
The  following  are  the  chief  that  belong  to  Dy- 
namics:—!. The  principle  of  the  Conservation 
of  the  Movement  of  the  Centre  of  Gravity, 
discovered  by  Newton,  and  demonstrated  at  t 
beginning  of  the  Principia.—2.  The  principle  ol 
Areas,— fu'st  idea  of  which  we  owe  to  John 
Kepler,  and  which,  as  generalized  by  D'Arcy, 
must  be  accounted  one  of  the  bases  of  our  Celes- 
tial Mechanics  3.  The  prmciples  of  MomerOs 

of  Inertia,  and  of  the  principal  Axes,  discovered 
by  Euler.— 4.  Tlie  Conservation  of  Living  ForcA 
{virium  vivarum),  suggested  by  Huyghens  and 
completed  by  John  and  Daniel  Bernouilli.-^ 
5.   The  principle  of  Maupertuis,  erroneouslyj 
named  the  Principle  of  the  least  Action.— ^xA, 
6th  and  last.  The  prmciple  of  the  co-existence 
small  oscillations,  a  very  admirable  discovery 
Daniel  BemouiUi.— All  these,  as  weU  as  c 
tain  statical  theorems  of  the  same  order,  will 
found  explamed  under  appropriate  heads  in  t 
volume.  ^ 
(6.)  Dynamics,  Practical  Problems  of. — 
student  has  now  been  presented  with  an  outl 
of  the  principles  and  methods  of  pure  or  abstr; 
Dynamics.    We  shall  merely  enumerate,  in  r 
elusion,  a  few  of  the  actual  problems  to  w 
these  methods  are  applied.   First,  we  have 
subjects  of  Impact  and  Collision  of  Bodies, 
condhj,  the  theory  of  Projectiles.  Thirdly, 
problems  as  those  of  the  descent  of  bodies^ 
Planes  and  Cui-ves,  the  characteristics  of  mot» 
and  oscillation  through  Cycloidal  arcs,  the  tm  ' 
chronous  Curve,  the  Curve  of  Equal  Presr 
&c.,  &c.     Foiirthly,  the  entire  domain  of 
Celestial  IMcchanics,  which  abounds,  in 
portion  of  it,  with  illustrations  of  the  inverse 
well  as  the  direct  problem  of  CerJral  For' 
Fifthly,  problems  connected  with  oscillation 
motion  about  a  fixed  axis,  such  as  the  Com,- 
Pendidum;  the  Centres  of  Oscillation  and  Pi 
sion;  permanent  Axes  of  Rotation ;  the  F igi  _ 
Rotatoi-y  Bodies;  Axis  of  Spontaneous  Rotaim, 
Iminddve  Action  on  a  Rigid  Body;  the  actio, 
of  Resisting  Media,  &c.,  &c.    And,  Sixthly,  t", 
most  difficult  and  imperfect  of  all— the  subM 
of  Hydrodynamics.    It  cannot  bo  doubted  th^ 
the  general  formuloe  of  pure  Dynamics  are  af, 
plicablo  to  the  movements  of  any  set  of  particle-; 
whether  these  constitute  a  fluid,  a  gaseous,  or, 
solid  body ;  and  that,  to  insure  their  practic 
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ilication,  we  only  require  to  know  and  to  be 
to  express  aright,  the  relations  connecting 
'  particles  among  themselves.   The  real  per- 

xity  of  the  case  of  fluids  and  gases  rests  in 

ling  an  expression  of  this  sort  that  will  be  at 
^  e  correct  and  manageable;  and  it  must  be 
I  fcssed  that,  when  an  attempt  is  made  to  ex- 
I  ss  fuUy  the  condition  of  liquid  particles,  the 
1  ilting  equations  are  so  unmanageable  that 
1  meters  have  been  fain  to  resort  to  hypotheses 
1  resenting  the  fluid  or  gaseous  condition  so 
I  Mrfectly,  that  no  faith  can  be  placed  in  the 
:  jlts  obtained.  The  general  science  of  Hydro- 
I  Jamics  remains,  therefore,  considered  as  a 
I  ctical  one,  stiU  in  its  infancy ;  and  we  are 

;iged  to  deduce  its  theorems  and  laws,  by  pro 
^  .-ts  that  are  purelj'  empirical. — See  the  various 
;  cies  indicated  above.  The  student  who  desires 
I  pursue  the  subject  is  recommended  in  the  first 

ce  to  the  Mechanical  Euclid  of  Dr.  Whewell, 

I  treatise  on  Statics  by  Poinsot,  the  two  ex- 
!  ent  and  perspicuous  volumes  on  Statics  and 
.  lamics  by  Mr.  Earnshaw;  and  the  3Iecaiiique 
t  DohameL    Other  valuable  works  on  the  sub- 
as  a  whole,  as  well  as  on  its  several  parts, 

und  alike  in  French,  and  in  bur  English 
■  sntific  Literature. 

D>>7naiiiiGs,  Vital,  is  the  application  of  the 
iciples  of  the  Dynamical  Theory  of  Heat 
!  Heat)  to  organisms  endowed  with  life, 
;  ither  animal  or  vegetable.  Animals  are  re- 
'  ded  as  machines  for  the  economic  develop- 
it  of  energy;  plants,  as  storehouses  of  energy. 
!  natural  tendency  of  the  mind  is  to  view 
ng  creatures  as  original  centres  of  force — 
.ter  being  permeated  by  a  peculiar,  indepen- 
t  power,  flowing  from  life.  But  life  is  rather 
spenser  than  a  source  of  force.  Left  to  itself, 
mguishes  and  ultimately  dies  out.  Its  stores 
extraneous,  in  the  food  we  eat.  So  long 
this  is  supplied,  the  animal  developes  force, 
ither  of  heat  or  of  work,  and  in  exact  pro- 
:ion  to  the  supply.  When  we  move  a  leg 
irm,  we  use  only  the  common  mechanical 
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mgement  of  bands  and  pulleys,  by  which  we 
lid  communicate  a  similar  motion  to  a  piece 
.ead  matter.  As  we  can  trace  the  motion  of 
straps  and  wheels  of  a  factory  to  the  chemi- 
action  going  on  in  the  furnace  beneath  the 
er,  so  we  can  see  the  origin  of  the  force  which 
■'es  the  bands  and  pulleys  of  the  animal 
:hine  in  the  chemical  action  to  which  the 
I  is  subjected.  In  the  former  case,  however, 
■y  step  in  the  transformation  of  energies  is 
r;  m  the  latter,  the  mysterious  conservative 
er  of  life  interrupts  our  analysis.  This  che- 
al  action  seems  divisible  into  general  and 
lal.  General  chemical  action  results  chiefly 
eat,  and  is  independent  of  the  will:  special 
nat  which  accompanies  muscular  exertion, 
IS  dually  confined  to  the  seat  of  this  exer- 
•  ibe  relation  of  general  and  special  chemi- 
action  to  each  other  and  to  the  evolution 


of  force  is  not  so  well  ascertained.  Animals 
form  one  of  three  media  by  which  chemical 
force  may  be  evolved — the  other  two  being  the 
electro-magnetic  engine  and  the  various  forms 
of  thermal  engines.    To  produce  ultimate  useful 
work  by  the  electro-magnetic  engine,  chemical 
force  assumes  the  form  of  electric  force;  while 
in  thermal  engines  it  becomes  primarily  heat. 
Does  the  energy  of  food  act  through  either  of 
these  media,  electricity  or  heat?  or  does  it  pass 
directly  into  the  vis  viva  of  animal  and  external 
bodies  ?    There  is  nothing  in  the  known  pheno- 
mena of  muscular  action  to  support  the  latter 
supposition ;  and,  tried  by  scientific  principles,  it 
is  in  no  way  probable.    We  have  no  right  to 
introduce  a  new  force,  because  we  cannot  clearly 
see  how  acknowledged  forces  can  intervene. 
This  would  be  a  return  to  the  profitless  system 
of  occult  qualities.    Is  it,  then,  energy  of  heat  or 
of  electricity  which  is  evolved  from  animal  food, 
and  placed  at  the  disposal  of  the  animal  will  ? 
"  There  are  at  present  known,"  says  Thomson, 
"two,  and  only  two,  distinct  ways  in  which 
mechanical  effect  can  be  obtained  from  heat.  One 
of  these  is  by  means  of  the  alterations  of  volume 
which  bodies  may  experience  through  the  action 
of  heat;  the  other  is  through  the  medium  of 
electric  agency."   (TraTisactions  of  Royal  Societij 
of  Edinburgh,  vol.  xvi.,  p.  542.)    But  there  is 
no  arrangement  for  thermal  expansions  and  con- 
tractions in  the  body.    Muscles  generate  instead 
of  destroying  heat  by  contraction.    Similar  rea- 
sons may  be  adduced  against  the  existence  of 
thermo-electric  currents  in  the  tissues ;  and  one 
objection  bears  against  both,  that  all  experiment 
proves  that  the  chemical  forces  never  develope  a 
thermal  equivalent  in  the  body.    We  are,  there- 
fore, in  the  present  state  of  our  knowledge,  shut 
up  to  the  conclusion  that  electricity  is  the  form 
which  the  potential  energy  of  food  assumes  before 
appearing  as  visible  mechanical  effect.   Are  there 
any  physiological  facts  in  support  of  this  rather 
abstract  conclusion?    We  know  that  in  every 
part  of  the  body  chemical  processes  are  advancing. 
We  know  also,  from  Faraday's  electric  theory  of 
chemical  combination,  that  there  must  therefore 
be  large  quantities  of  electricity  present;  but 
whether  there  is  a  physical  arrangement  for 
"  loosening  the  electricity  from  its  habitation  for 
awhile,  and  conveying  it  from  place  to  place," 
is  a  question  not  so  easily  answered.    A  full 
consideration  would  lead  us  into  all  the  details 
of  animal  electricity,  but  we  shall  confine  our- 
selves to  such  remarks  as  are  necessarj'  for  pre- 
sent application.   (1.)  That  the  existence  of  the 
conformation  of  bodily  parts  requisite  for  the 
liberation  of  electricity  is  quite  consistent  with 
the  animal  economy,  we  know  from  its  actual 
presence  in  various  animals,  c.  (jr.,  the  torpedo, 
gyvinotus,  &c.    Matteucci  found  in  the  torpedo  a 
regular  electric  series  of  cells,  with  positive  and 
negative  poles ;  an  electric  lobe  in  the  brain,  from 
which  nerves  ramify  over  these  cells,  placing 
15 


the  time  and  extent  of  their  action  under  the 
control  of  the  creature's  will.  The  activity  of 
the  electric  function  is  proportioned  to  that  of 
the  circulation  and  respiration.  True,  this  elec- 
tricity is  applied  by  the  torpedo,  and  similar 
animals,  to  purposes  of  attack  and  defence,  and 
not  to  motion ;  but  still  the  discharge  is  entirely 
under  their  control,  and  an  electric  current  may, 
in  other  animals,  produce  muscular  contraction 
and  external  work.  But  (2.)  free  electricity 
does  undeniably  circulate  in  all  muscular  tissue. 
We  cannot  certify  ourselves  so  thoroughly  of 
its  source,  but  the  fact  of  its  presence  is  certain. 
We  are  apt  to  forget  the  fact  in  the  fanciful 
and  strained  theories  sometimes  set  forth  in  ex- 
planation of  it.  Its  amount  varies  with  the 
mechanical  duty  of  the  muscle,  and  with  all  the 
circumstances  of  circulation,  respiration,  external 
temperature,  &c.,  which  modify  muscular  action. 
At  the  moment  of  contraction  the  current  almost 
entirely  ceases,  as  happens  when  an  electro-mag- 
netic engine  begins  to  work.  In  each  case  elec- 
tricity ceases  to  exist  as  such,  and  passes  into  the 
form  of  mechanical  effect.  (3.)  It  is  also  found 
that  no  artificially  applied  agent  excites  muscular 
tissue  so  strongly  as  electricity.  Matteucci  has 
proved  that  a  given  quantity  of  zinc,  consumed 
in  a  battery,  can  be  made  to  do  much  more  work 
by  occasioning  muscular  contraction,  than  by 
turning  rrn  electro-magnetic  engine.  Opinions 
may  differ  as  to  the  import  of  these  facts ;  but 
while  an  inquiry  into  the  mode  in  which  chemi- 
cal becomes  muscular  force,  is  necessary  to  the 
completeness  of  a  theory  of  vital  dynamics,  it 
does  not  involve  its  accuracy.  This  depends  on 
the  establishment  of  an  equivalence  between  the 
potential  energy  of  the  food  and  the  actual  energy 
of  animal  heat  and  work  done.  In  thermo  and 
dectro-dynamics,  it  is  easy  to  exhibit  the  equa- 
tion ;  but  here  we  do  not  deal  with  a  mere  engine, 
but  with  a  self-adjusting  variable  organism.  The 
act  of  overcoming  external  resistance  quickens 
breathing  and  circulation.  Thus  the  formula 
for  work  done  by  an  animal  in  any  given  case 
becomes  complicated. 

6  (a  — J)  — H 

where  a  is  the  oxygen  consumed  during  motion, 
b  during  rest;  H  the  increase  in  animal  heat 
following  motion ;  6  the  thermal  equivalent  of  the 
combination  of  a  unit  of  oxygen  with^  the  food ; 
J  the  mechanical  equivalent  of  a  unit  of  heat. 
That  special  chemical  action  (a  —  b)  is  almost  en- 
tirely productive  of  work,  Matteucci  proved  in  the 
case  of  the  frog.  Estimating  its  mechanical  value 
in  the  contraction  of  the  gastrocncmian  muscles  of 
that  animal,  he  found  the  work  done  bear  to  it 
the  high  proportion  of  -878.  The  calculation  of 
the  element  H  would  have  completed  the  equa- 
tion. The  first  application  of  these  principles, 
though  not  of  this  formula  exactly,  which  is 
difficult  to  follow  in  actual  experiment,  was 
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made  by  Messrs.  Scoresby  and  Joule  in  184ft 
(Philosophical  Magazine,  1846.)    According  to 
Watt,  the  value  of  one  horse-power  for  one  day 
is  24,000,000  foot-pounds.    To  sustain  a  horse 
in  working  condition,  12  lbs.  hay  and  12  lbs, 
com  are  necessary  per  day ;  or  one  grain  of  thi 
mixed  food  enables  him  to  raise  143  lbs.  to  thi 
height  of  one  foot.    These  gentlemen  found  that 
when  burned,  one  grain  raised  the  temperature 
of  1  lb.  of  water  0-682°  Fahr.,  a  thermal  effect 
dynamically  equal  to  527  lbs.  raised  to  che 
height  of  one  foot.    The  horse,  therefore,  con- 
verts "27,  or  nearly  one-fourth,  of  the  entire  vi$ 
viva  of  his  food  into  useful  mechanical  effect. 
From  the  absence  of  any  definite  standard  esti- 
mate of  man- power,  calculations  as  to  its  economy 
are  not  so  determinate.    Thomson  seems  to  have 
made  the  first  attempt.  (Philosophical  Magazine, 
S.  4,  vol.  iv.)   He  thinks  it  probable  that  a  man, 
by  walking  up-hill  eight  hours  a-day,  may  turn 
one-sixth  of  the  mechanical  value  of  his  food  into, 
work,  and  one-fourth  by  such  labour  as  pumping 
forsix  hours  per  day.  In  the  former  case,  theworfc 
is  foot-pounds  of  his  own  body ;  in  the  latte^* 
foot-pounds  of  water  raised.   The  general  concluf- 
sion  of  Scoresby  and  Joule  is,  "  that  the  animd 
frame,  though  destined  to  fulfil  so  many  otliar 
ends,  is,  as  an  engine,  more  perfect  in  the  eco- 
nomy of  vis  viva  than  the  best  of  human  con- 
trivances."   The  student  will  find  materials  for 
more  elaborate  calculations  in  Gavarret's  treatise, 
De  la  chaleur  produitepar  les  etres  vivants.— It 
is  proved  from  these  investigations  that  the  che- 
mical forces  of  food  are  the  source  of  the  enerfr} 
of  all  animals.   But  whence  this  chemical  force 
Since  the  ultimate  food  of  all  animals  is  vi  _ 
table,  this  leads  us  to  the  Vital  Dynamics  6j 
Plants.    The  growth  of  plants  consists  chiefly  ir 
a  decomposition,  against  the  force  of  chemical 
affinity,  of  carbonic  acid,  water,  and  ammonia, 
imbibed  from  earth  and  air.    This  is,  in  fact, " 
unhurning  of  the  fire  which  has  burned  on 
hearths,  in  our  furnaces,  and  in  the  bodies 
animals— a  restoration  of  the  materials  there 
consumed  to  their  former  state  of  combustibilii.  . 
The  potential  energy  of  carbon,  hydrogen,  ai  . 
oxygen,  is  returned;  or,  in  other  words,  actn 
energy  has  been  expended  in  separating  the- 
elements.     Actual  energy  of  what?     l  e// - 
table  respiration,  as  this  process  is  called,  tin- 
converse  of  animal,  has  been  proved  by  Uic 
experiments  of  Ingenhouz,  Senebier,  and  other » 
investigators,  to  be  a  process  which  depends  on  » 
light.    It  ceases  on  the  coming  on  of  darkness, 
and  there  supervenes  a  slight  reverse  action,  one  i. 
of  combustion.    It  is  therefore  actual  energy  on 
sunlight  which  overcomes  chemical  force,  andt 
becomes  potential  energy,  to  be  released  as  actual  r 
energy  once  more  in  our  fires  and  bodies.  When  \ 
we  decompose  water,  i.e.,  separate  oxygen  ana 
hvdrogen  by  force  of  electricity,  we  excliangci 
electric  power  for  the  tendency  of  these  gases  ;o 
unite  (potential  energy),  and  this  tendency 
16 
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:isfied  by  applying  a  light  to  the  gaseous  mix 
re.  An  explosion  ensues.  "We  get  water  as 
lore,  but  besides,  heat  the  equivalent  of  the 
ctricity.  So  the  force  of  a  small  fraction  of 
3  infinitesimal  luminiferous  wavelets  which 
_  ginate  in  the  sun  is  made  latent  in  the  affl- 
ies  of  separated  oxygen,  hydrogen,  and  carbon, 
hen  these  reunite,  we  get  carbonic  acid,  and 
;  Iter  as  before,  but  besides,  heat,  or  electric  or 
al  force,  the  equivalent  of  the  light-power  ex- 
ided.  An  ingenious  calculation  of  the  amount 
simlight  and  heat  which  is  thus  economized 
^  been  made  by  Professor  Thomson  (Phil. 

/.,  S.  4,  vol.  iv.)  Estimating  the  mechanical 
ue  of  the  annual  produce  of  an  acre  of  forest 
d  from  Liebig's  data,  and  the  mechanical 
ue  from  Pouillet's  data,  of  the  sunlight  falling 
that  space  at  the  latitude  of  Giessin,  he  finds 
t  "probably  a  good  deal  more  than  )^    ^  of 

solar  heat  which  actually  falls  on  growing 
nts,  is  converted  into  mechanical  efiects." 
re  certainlj'  is  poetry  enough  thrown  around 

commonest  objects — our  coal  fields,  our  street 
ips,  our  study  oil,  our  home  hearths,  our 
laces ;  for  the  sunshine  which  fell  on  an  un- 
pled  earth  lights  us  and  works  for  us  with 
sunshine  of  to-day. 
dynamometer.  An  instrument  constructed 
asure  the  work  done  in  overcoming  a  given 
stance  and  causing  a  given  motion.  The  name 
lifies  a  measure  of  power  or  force.  The  instru- 
it  is  rather  a  measure  of  effort  or  work.  We 
:eive  a  force  as  being  something  instantaneous, 
ny  moment  changeable,  beginning  or  ceasing, 
the  other  hand,  we  conceive  of  work,  as  the 
ation — through  spaces  of  time — of  forces.  If 
liull  a  body,  for  example,  along  a  level  road, 
exercise  a  certain  force  every  moment  that  we 
inue  our  work;  but  the  work,  though  de- 
ling on  the  force,  does  not  depend  on  it  alone, 
or  instance,  we  pull  another  body  with  only 

the  force,  over  tivice  the  distance,  we  do  the 
e  amount  of  work.    Work,  therefore,  depends 
1  the  force  applied  and  the  space  through 
the  body  on  which  it  is  performed  moves; 

the  djmamometer  proposes  to  measure  the 
s  in  any  case  of  resistance  overcome  and 
ion  produced.  Assuming  the  obvious  prin- 
that  work  will  be  measurable  by  the  pro- 
of the  force,  if  kept  uniformly  acting,  into 
;pace  through  which  it  acts,  we  may  come  to 
ipon  what  dynamometers  must  depend.  They 
ire  to  provide  a  measure  of  the  force,  and 
-asure  also  of  the  space  through  which  the 

acts.  If  the  force  continue  uniform  during 
whole  action,  we  should  find  the  problem  suf- 
1  tly  easy.  The  space  traversed  by  a  moving 
■  13  easily  measured,  and  very  many  con- 
|nces  might  be  easily  applied  to  such  1  body 
lake  It  self-rcgistering  as  to  this  point.  \l 
'  7  T  f  the  force  with  which 

n  es,  the  desired  result  will  bo  obtained.  If  we 
0  It  to  act,  for  example,  in  pulling  out  a 
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spiing,  we  have  a  measure,  in  the  distance  to 
which  the  spring  is  drawn  out,  compared  with  the 
amount  of  graviUj  capable  of  drawing  it  out  to 
the  same  distance,  when  a  weight  is  hung  upon  it. 
We  liave  then  simply  to  multiply  the  two  values 
just  discovered  one  by  the  other,  for  the  required 
result.  The  origmal  dynamometers  (as  Keg- 
nier's)  limited  themselves  to  determining  the 
value  of  the  force,  and  left  out  the  other  element 
as  unimportant.  And,  in  fact,  it  might  be  consi- 
dered to  be  so  pretty  faii-ly,  were  the  usual  case 
such  as  we  have  described.  If  the  force  remained 
stedfast,  we  should  have  merely  to  measure  the 
whole  space  and  the  one  force.  But  in  ordmary 
mechanical  cases,  our  working  forces  do  not  re- 
maui  entirely,  in  many  not  even  approximately 
the  same,  throughout  intervals  durmg  which  we 
desire  to  measure  the  work.  We  have,  therefore, 
to  take  the  small  spaces  during  which  they  do 
remain  comparatively  stedfast,  and  to  multiply 
these  by  the  forces  operating  during  motion 
through  these  spaces,  and  sum  up  the  amounts 
of  work  obtained  in  each,  in  order  to  arrive  at  the 
total  value.  If  all  these  smaU  spaces,  dming 
which  the  force  may  be  considered  constant,  were 
equal,  we  might  still  adhere  to  the  measurement  of 
forces  merely.  We  could  take  the  average  of  all 
the  forces  successively  measured,  and  multiply 
the  average  by  the  total  space.  In  fact,  calling 
f',  f",  &c.  the  forces,  and  s  the  small  spaces, 
(m  s  beuig  the  whole  space,  which  is  divided  into 
M  parts  aU  equal),  we  might  estimate  the  work 
as  already  shown  by  p' s  -j-  f"  s  -f-  f'"  s  -f- 
&c.  =  s  (F'  +  F"  +  F'"  &c.)  The  method 
just  indicated  takes  for  this  measure  ms  V 

F'  4-  p"  4-  F'"  -I-  &c. 

^         ,t       ^         =H^'  +  F"  +  F'"  &C.) 

which  is,  therefore,  equal  to  the  true  value  of  the 
work.  But  asMs,  the  whole  space,  is  easily  measur- 
able separately,  these  original  inventions,  confined 
to  measurements  of  f',  f",  &c.  would  therefore  have 
given  very  simply  the  results  required.  Leroy's 
construction  of  dynamometers  was  exactly  like 
our  present  letter  weights.    The  force  whose 
measure  was  required,  was  made  to  push  a  spiral 
sprmg  inside  a  tube,  downwards ;  and  then  com- 
pared with  the  force  of  gravity  acting  on  known 
weights  able  to  compress  the  spring  to  the  same  ex- 
tent.   Eegnier's  construction  was  an  elliptical 
spnng,  to  be  pushed  into  greater  curvature  or  drawn 
into  less  by  the  force  applied;  and  latterly,  two 
plates  of  steel,  one  of  which  was  kept  fixed,  and 
the  other  moved  from  or  to  it  by  the  force.  These 
constructions— though  perhaps  both  susceptible  of 
mechanical  improvements,  which  they  never  at- 
tained—become immediately  incapable  of  mea- 
suring work  when  the  spaces  through  which  the 
inconstant  forces  move  become  themselves  incon- 
stant.   The  expression  for  the  total  work  call- 
ing s',  s",  s'-',  &c.  the  successive  unequal  spaces 
becomes  f' s'  -f  f"  s"  +  f'"  s"',&c.,  an  expres- 
sion which  requires,  for  the  determination  of  its 
total  value,  a  simultaneous  measurement  of  the 
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quantities  indicated  by  r',  &e.,  and  s',  &c.  And 
a  new  difficulty  likewise  occurs.  In  ordinary 
cases,  the  variations  of  these  two  inconstants 
are  very  rapid — so  rapid  that  we  could  not  read 
them  off,  even  if  noted  by  the  instrument,  with- 
out inconceivable  labour.  It  is  therefore  essential 
that  our  mstruments  should  themselves  be  made 
to  keep  a  register,  afterwards  to  be  examined  at 
leisure,  of  the  values  which  they  render  percep- 
tible. If,  for  example,  we  can  succeed  in  making 
our  dynamometer  put  a  mark  down  of  a  certain 
length  proportional  to  the  force  acting  at  the 
time,  for  every  force  which  it  measures,  and  if  we 
can  get  it  to  move  the  paper,  or  ourselves  move 
it,  so  that  these  marks  will  be  placed  in  the  true 
order  of  succession  of  these  forces,  we  will  have 
a  sheet,  when  the  paper  is  taken  out,  exhibiting 
the  series  of  the  f  quantities.  If,  still  further, 
we  have  a  simultaneous  arrangement  which  shall 
mark  the  spaces  through  which  motion  has  taken 
place,  we  shall  draw  out  a  sheet  similarly  marked 
with  the  successive  values  of  the  quantities  s;  and 
taking  the  Uvo  series  together,  we  shall  obtam  f' 
s'  -f-  F"  s"  -j-  F"'  s'",  &c.,  or  the  whole  amount 
of  work  done.  We  shall  endeavour  to  indicate 
in  a  general  way  how  various  dynamometers 
accomplish  these  objects.  The  ordinary  spring 
dynamometer  consists  of  two  rims  of  steel  of  the 
parabolic  form — the  one  kept  fixed  in  the  instru- 
ment— the  other  fastened  to  it  at  the  two  ex- 
tremities, but  drami  out  from  it  to  certain  dis- 
tances by  the  successive  forces.  The  distance  of 
the  middle  points  of  the  two  springs,  when  the 
one  is  pulled  out  in  this  way,  indicates  the 
amount  of  force.  If  a  pencil  be  attached  to  the 
centre  of  the  moveable  spring,  it  will  move  with 
it,  and  uidicate  this  distance.  But  this  woidd 
give  us  only  a  pencil  moving  up  and  do-mi  a 
straight  line ;  and  neither  the  various  successive 
values  of  the  forces,  nor  the  order  of  their  suc- 
cession, could  be  at  all  distinctly  indicated.  If, 
however,  the  paper  was  made  to  move  beneath 
the  pencil,  the  distance  between  the  two  points 
might  then  be  given  continuously;  and  all 
changes  would  be  marked  regularly  in  the 
order  of  their  succession.    Through  means  of 
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Buch  an  arrangement,  we  might  have  such  a 
tiyure  described  by   the  pencils  as  above. 
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The  curved  line  would  be  described  by  the  pencil 
attached  to  the  moveable,  and  the  straight  line 
by  one  attached  to  the  straight  spring.  The 


pei-pendiculars  t* 


p3  •J.-i 


r^,  &c.. 


repre- 


sent the  successive  forces,  and  the  distances 
T*,      t8,  <S:c.,  the  distances  for  which  they  ap- 
proximately act.    If  we  take  a  very  narrow  step 
like      T*  for  the  space,  the  force  may  be  con- 
sidered as  either  uniformly,  or  as  p'^  t'  for 
these  lines,  and  the  inner  ones  representing  the 
forces  will  differ  excessively  little  from  one  an- 
other.   The  area,  then,  which  we  may  call 
F^       s^,  may  be  expressed  by  p^       p-  t*. 
Similarly,  the  area  f"  s"  miglit  be  expressed  by 
p2  rj-a  p3  rps,  and  so  on.    Hence,  the  whole 
sum  of  the  work  done  in  any  given  space  would 
be  the  sum  of  the  similar  rectangles,  &C., 
throughout  that  space.    It  is  very  clear  that  the 
smaller  we  take  these  spaces,  and  the  more  of 
them,  therefore,  the  more  correct  will  our  appre^ 
ciation.  be  of  the  total  effect,  and  that  each  apr 
proximation  will  come,  therefore,  nearer  to  giving 
a  sum  equal  to  the  value  of  the  area  enclosed  bfe- 
tween  the  line  t  a  and  the  curve  a  p.    The  area  of 
the  curve  wUl,  therefore,  give  an  equivalent  fear 
the  whole  work,  and  the  area  between  any  two  of 
the  quantities  p  t  will  give  the  similar  equiva- 
lent for  the  portion  corresponding.  Sometimes 
it  is  of  more  importance  to  get  the  average  force 
wi'ought  with  during  a  given  time  than  the  total 
work  done.    In  this  case,  the  method  found 
ful  is  to  put  a  chronometrical  arrangement  in  con- 
nection with  the  machine,  so  that  the  paper 
may  be  drawn  miiformly.    And  it  might  be  with- 
out difficulty  demonstrated,  that  the  area  of  the 
curve  divided  by  the  length  a  t  would  give  the 
mean  force  for  the  whole  action.     This  curve 
would  now,  however, — uidess  there  had  beenij 
uniform  motion  before — be  a  different  one  fron 
tlie  curve  A  p,  though  similarly  described ;  and," 
therefore,  except  in  this  case  of  imiform  motion, 
the  value  of  the  force,  or  even  of  the  average  ji 
force,  would  not  be  a  sufficient  index  of  the  total  i; 
work  done  during  a  given  space.    Such  is  the . , 
principle  upon  which  the  djmamometer  always  f 
depends.   Peculiar  modifications  of  the  arrangi- 
ments  described  would  be  necessary  to  fit  it  tor,i 
application  to  rotatory  motions. — The  parabolic  f» 
form  is  used  for  the  spring  commonly  employed  ,i 
in  the  djmamometer,  in  order  that  the  force  may  j . 
be  as  equally  as  possible  distributed  over  the  , 
curve,  and  that  the  resistance  may  be  proper- 
tioned  to  the  force.  —Watts'  Indicator  is  a  speciesj" 
of  dynamometer  of  special  application,  which  ff«| 
shall  describe  under  that  word. 
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Ear.  Little  is  kno^\-n  regarduig  the  physical 
nificance  of  that  singular  and  apparentlj'  com- 
X  apparatus  which  constitutes  tl.e  Ea 


E 
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n,  as  with  most  animals  gifted  witli  hear- 
,  it  consists  of  an  outer  organ,  that  may 
.  e  some  such  purpose  as  an  ear-trumpet,  viz., 
ollect  sound ;  next,  of  a  tube  through  which 
vibrations  pass  inwards;  then,  of  that  elastic 
iibrane,  or  drum  of  the  ear,  which  would  seem 
itive  to  all  impulses;  and  lastly  of  a  cell  and 
laui  of  small,  singularly-shaped,  and  unintel- 
ile  bones,  conductmg  towards  the  place  where 
Li  are  first  found  of  the  presence  of  the  audi- 
nerve.    Anatomy  and  Physiology  have  de- 
lied  this  remarkable  apparatus,  but  they  have 
nra  no  light  whatever  on  the  relation  and 
iose  of  its  various  parts ;  nor  can  physical 
ice  at  present  offer  them  the  slightest  aid. 
in  whatever  way  its  constituent  parts  may 
it  cannot  be  doubted  that  the  human  ear  is 
nstrument  of  remarkable  delicacy  and  great 
pass.    All  sounds,  it  is  well  kno-nm,  travel 
ugh  space  with  the  same  velocity.  They 
r  only  m  the  lengths  of  the  waves  or  undu- 
■ns  that  occijsion  them— the  lengths  increasing 
le  graveness  of  the  sound  increases,  and  vice 
Now,  it  has  been  distinctly  established 
dd  of  Cagniard  la  Tour's  Siren,  and  Savart's 
ugement  of  toothed  wheels,  that  the  gi-avest 
)west  sound  which  the  human  ear  can  ordi- 
ly  discern,  is  one  made  hy  a  body  vibrating 
fourteen  or  fifteen  times  in  a  second;  while 
'icutest  audible  sound  demands  for  its  produc- 
no  fewer  than  forty-eight  thousand  vihra- 
■  in  the  same  space  of  one  second.    The  im- 
se  interval  between  these  numbers,  is  the 
=iire  of  the  range  of  the  phenomena  of  soimd, 
hich  our  organ  of  hearing  can  take  cogniz- 
The  interval  is  vast  indeed ;  and  -(vithm 
e  the  causes  of  those  sounds  which  Nature 
s,  and  all  the  innumerable  Harmonies  and 
xlies  evolved  by  Scientific  Art.    Still,  that 
■h  we  discern  is  only  one  domain  of  Sound. 
Ear  penetrates  so  low,  that  few  gi-ave  sounds 
exist,  of  the  recognition  of  which  it  is  incap- 
;  but,  at  the  other  end  of  the  scale,  how 
t  and  even  interminable  the  range  from 
■h.  it  is  shut  out !    Dr.  Wollaston  was  ccr- 
ly  correct,  that  the  Ear,  fine  as  it  is,  as  well, 
ap3,_  as  every  other  human  sense,  is  adjusted 
le  discernment  only  of  one  finite  and  allotted 
within  an  infinite  Universe. 
:arth,  The,  J  —the  globe  we  inhabit;  the 
1  planet  in  order  from  the  Sun ;  and  the 
est  withm  the  belt  or  ring  of  the  Asteroids, 
r^riuatonal  diameter  is  7,926  miles;  its  polar, 
'8  miles;  and  in  density,  it  is  5-G7  times 
■ler  than  water.    The  mass  of  the  Earth, 
pared  with  that  of  the  Sun,  is  -0000028173 
mean  distance  from  the  central  luminary  is 
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about  95  millions  of  miles — a 


.space  through 

wliich  light  occupies  8  mmutes  13"3  seconds  in 
travelling ;  but,  as  the  eccentricity  of  its  orbit  is 

0-  0167751,  if  this  mean  distance  be  tei-med  1, 
the  distance  of  the  Earth  at  aphelion  will  be 

1-  0168,  while  at  perehelion  it  is  only  -9832. 
The  quantities  of  light  received  by  it  in  these 
opposite  positions  are  in  the  proportion  of 
0-967:  1-034.  The  period  of  the  revolution  of 
our  globe  in  its  elliptic  orbit  is  365-2563744 
mean  solar  days,  or  365  days,  G  hours,  9  minutes, 
and  10-75  seconds.  Its  ti-opical  revolution,  or  the 
period  elapsing  between  vernal  equinox  and  ver- 
nal equinox  (that  is,  the  period  of  the  revolution 
of  the  seasons')  is  365-24222  mean  solar  days,  or 
365  days,  5  hours,  48  minutes,  47-81  seconds. 
The  Earth  rotates  on  its  axis  in  one  sidereal  day, 
or  24  sidereal  hours ;  that  is,  in  23  hom-s,  5G 
minutes,  and  4  seconds  of  mean  time. — We  pro- 
ceed to  refer  briefly  to  the  points  of  chief  interest 
concerning  our  Planet's  motions,  its  magnitude 
and  figure,  its  density,  and  its  temperature. 

(1.)  The  Earth,  Motions  o/— The  chief  of 
these  are  the  annual  Revolution  in  an  orbit,  and 
the  diumal  Rotation  on  an  axis.  The  Earth's 
velocity  in  its  orbit  varies,  according  to  Kepler's 
Law  of  the  Consei-vation  of  Areas,  modified  by 
certain  perturbations,  of  which  an  account  will 
be  found  in  detailed  works  on  Astronomy,  The 
angular  velocity  of  Rotation  is  absolutely  uni- 
form. Besides  these,  certain  motions  affect  the 
Earth's  axis  itself,  the  nature  of  which  is  ex- 
plamed  under  Precession  and  Nutation.  The 
pointy  to  which  we  desu-e  to  draw  attention  here 
is  this — How  is  the  reality  of  these  motions 
established?  Living  on  the  surface  of  the  Earth, 
and,  therefore,  moving  through  space  along  with 
it,  we  cannot  see  these  motions  directly.  How, 
then,  are  we  assured  of  then:  existence  as  afact, 
as  distinguished  from  a  serviceable  hypothesis? 
If  these  motions  are  real,  doubtless  they  will  im- 
press apparent  motions  on  all  bodies  external  to 
the  Earth,^  For  instance,  the  rotation  of  our 
globe  on  its  axis  would  produce  an  apparent 
diurnal  revolution  of  the  celestial  vault  in  the 
opposite  direction ;  and  so,  with  om-  motion  of 
revolution.  Such  external  motions  undoubtedly 
exist.  That  grand  and  familiar  daily  and  uni- 
form revolution  of  the  whole  sidereal  host,  is  the 
very  phenomenon  which  would  manifest  to  a 
spectator  on  the  Earth  the  rotation  of  his  own 
globe.  Nevertheless,  how  can  it  be  ascertained 
that  the  revolution  of  the  stars  is  an  apparent 
one  ? — by  what  kind  of  considerations  are  we  en- 
titled to  attribute  it,  to  an  actual  but  unseen  and 
unfclt  Rotation  of  the  Earth  as  its  cause  ?  Wlien 
the  immortal  Copernicus  first  attaclccd  the  time- 
consccrated  conception,  that  our  globe  is  motion- 
less, and  the  prime  centre  of  all  things,  ho  could 
indeed  propose  his  own  view  only  as  the  more 
2i'J 
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probable  hjpothesis.    It  was  easy  to  show  that 
the  position  of  our  world  as  a  planet  moving 
around  the  Sun,  demolished  at  one  blow  the 
whole  of  that  artificial  Ptolemaic  machinery — a 
machinery  that  in  the  hands  of  Purbach  had 
acquired  a  complicacy  with  which  imagination 
could  never  cope;  and  surely  it  seemed  easier 
to  conceive  one  little  globe  turning  daily  around 
an  axis,  than  that  all  these  myriads  of  stars 
should  partake  of  one  and  the  same  motion,  with 
a  regularity  so  rigorous  and  unbrolien.  The 
demonstration  of  the  fact,  however,  was  not 
within  reach  of  science,  in  these  early  days,  but 
rather  has  been  reserved  in  the  main  for  our  own. 
— I.  The  first  actual  verification  of  the  orbital 
motion  of  the  Earth  is  due  to  Bradley.  His  capi- 
tal discovery  of  Aberration — a  discovery  already 
described  in  this  Dictionary  (Abkrration), — 
furnished  a  proof  almost  decisive  of  the  Earth's 
planetary  motion ;  at  least  phenomena  were  de- 
tected, and  in  this  way  finely  accounted  for,  that 
could  be  explained  in  no  wise  by  the  conflicting 
theor}%    One  difficulty — the  difficulty  started  by 
the  eminently  2')ractical  Tycho — alone  remained. 
If  the  Earth  shifts  its  position  in  space,  so  that 
at  one  season  of  the  year  it  is  removed  by  the 
immense  distance  of  190,000,000  miles  from  its 
position  at  the  opposite  season,  why — as  the 
illustrious  Observer  of  Uraniburg  inquired — do 
the  fixed  stars  always  appear  in  the  same  direc- 
tion from  us — why  have  these  orbs  no  parallax  ? 
The  objection  could  not  in  any  case  have  been 
conclusive,  because  the  allegation  on  which  it 
rests,  had  no  title  to  be  received  as  absolute. 
Tj'cho  had  no  right  to  assert  that  the  fixed  stars 
have  no  parallax :  all  that  he  knew  was  that  his 
instruments  did  not  enable  him  to  detect  any. 
But  the  actual  discovery  of  parallax — that  great- 
est triumph  of  modern  observation — (see  Stars, 
Fixed) — has  established  a  positive  argument  on 
behalf  of  the  orbital  motion  of  oiu:  Planet,  of  irre- 
sistible force.    In  so  far  as  this  motion  is  con- 
cerned, then,  the  Copernican  theory  rests  on  mere 
hypothesis  no  longer. — II.  In  reference  to  the 
Earth's  Rotation,  that  too  has  received,  although 
only  in  verj'  recent  times,  a  demonstration  quite 
as  full,  and  even  more  palpable  and  convincing. 
The  existence  of  a  diurnal  aberration,  of  which 
there  can  be  no  doubt,  might  have  seemed 
equallv  applicable  in  this  case;  but  It  never 
could  be  rendered  satisfactory,  because  of  its  very 
small  amount. ,  All  that  is  needed,  however,  has 
recently  been  amply  attained,  through  a  consi- 
deration of  the  necessary  influence  of  the  Earth's 
rotation,  on  the  apparent  motion  of  bodies  situated 
on  its  surface.    This  has  been  made  manifest  in 
tliree  wavs :— (!•)  Were  the  globe  motionless,  or 
not  rotating,  it  is  clear  that  a  body  let  fall  fi-om 
the  summit  of  any  perpendicular  altitude,  would 
fall  to  tlie  surface,  exactly  at  its  foot.    But  if 
rotation  exists,  this  will  not  hold.    xV  body  at  a, 
for  instance,  nmst,  when  let  fall,  continue  ani- 
mated during  its  fall  to  the  suiface  c  by  the 


EAR 

horizontal  velocity  which  it  possessed  while  at- 
taclied  to  the  top  of  the  height  ca:  in  other 
words,  if  A  A'  be  the 
space  through  which,  in 
virtue  of  the  Earth's  rota- 
tion, the  point  a  would 
move  in  the  time  that  a 
detached  part  of  it  would 
take  to  fall  through  a  c, 
that  detached  part  will  re- 
tain, though  detached,  its 
original  velocity,  and  when 
it  reaches  the  surface  will 
have  moved  over  c  b,  a 
space  equal  to  A  A'.  But 
c,  the  foot  of  the  perpen- 
dicular height,  will  (as  is 
evident  from  inspection) 
have  moved  in  that  time  only  through  c  c' :  w 
that,  when  the  body  falls,  it  will  not  be  at  the 
foot  of  the  tower,  but  in  advance  of  it  by  a 
quantity  c'  b.    The  necessity  of  such  a  deviar 
tion  towards  the  east  has  long  been  discerned; 
but  the  credit  of  establishing  its  reahty,  is  due 
to  M.  Reich  of  Freyberg.    Taking  advantage 
of  a  mine  of  the  depth  of  520  feet,  he  repeated 
experiments  in  the  most  careful  manner,  and 
quite  established  the  existence  of  the  devia- 
tion ;  and  the  satisfactory  character  of  the  result 
appeared  further  from  this,  that  the  amount  of 
the  observed  easterly  deviation  diflfered  from  the 
theoretical  amount  only  by  the  mconsiderabk 
quantity  of  -03  of  an  inch.— (2.)  Still  more 
striking,  however,  are  the  most  ingenious  me- 
thods of  M.  Foucault.    The  sensation  is  not  yet' 
forgotten  that  was  created  by  his  famous  pend«r\ 
lum  experiment.    Its  principles  are  as  follows 
Suppose  a  pendulum  suspended  over  either  Poli 
of  the  Earth  from  a  point  detached  from  (' 
Earth  and  set  in  oscillation.    The  rotation 
the  Earth  beneath  it,  can  in  nowise  affect  or  all 
the  plane  of  that  oscillation ;  but  as  a  spectat 
on  the  Earth,  carried  round  by  the  rotation 
the  Earth,  would  pass  first  under  one  end  of  t 
pendulum,  then  under  the  other,  the  plane 
oscillation  would  necessarily  appear  to  him 
make  a  revolution  from  east  to  rcest  in  the  pr 
time  in  which  the  Earth  really  rotates  from 
to  east.    It  is  not  necessary  that  the  penduli 
be  suspended  from  a  point  detached  from 
Earth.    The  attachment  of  the  point  of  susi 
sion  to  the  Earth,  provided  it  be  over  the  Pol 
would  only  twist  round  the  vnre,  or  cord  fo: 
the  rod  of  the  pendulum,  and  make  the 
itself  rotate  on  its  axis  in  the  course  of  a  sidi 
day.    Next,  imagine  the  Pendidum  suspendi 
over  the  Equator.    It  is  equally  clear  that  i 
apparent  revolution  or  change  of  the  plane_ 
oscillation  could  take  place  in  this  case,  just 
cause  the  spectator  at  the  Equator  could  not, 
being  carried  round,  be  brought  nearer  one 
of  the  plane  of  oscillation  than  the  other, 
let  us  examine  the  case  of  a  pendidum  at 
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rmedlate  Latitude  a,  e  o  being  the  Equator, 
p  o  the  polar  axis  of  the  Earth.  The  actual 
rotation  of  the  Earth 
around  p  o  may  be 
imagined  the  resultant 
of  two  rotations,  into 
which  two,  it  can 
■(E'(see  CoJiPosiTioN  of 
Forces)  be  decom- 
posed. For  instance, 
if  B  o  be  taken  to  re- 
present the  true  velo- 
city of  the  Earth 
around  its  axis,  we 

■  imagine  that  velocity  and  durection,  given 
t  by  two  rotations — one  with  the  velocity 
around  po,  and  the  other  with  the  velo- 
c  o  around  A  o.    But  the  rotation  around 

which  is  the  polar  axis  of  the  point  A, 
lilt  affect  the  apparent  motions  of  a  pen- 
un  at  A,  which  is  the  Equator  of  p  o.  These 
irent  motions  will  only  be  affected,  therefore, 
a  motion  of  the  amount  c  o  around  A  o 
f.  This  latter  case  is  the  first  one  investi- 
;d,  viz.,  when  the  Pendulum  is  suspended 

■  the  Pole;  so  that  the  plane  of  oscillation  of 
endulum  at  A  must,  in  consequence  of  the 

ion  of  the  Earth,  seem  to  make  a  revolution 
period  of  time  determined  by  the  velocity 
The  time  in  which  that  plane  will  seem 
evolve  at  the  place  a  •\viU  be  to  a  sidereal 
as  CO  :  BO — i.  e., 

lie  of  app.  revolution  —  Sid.  day  x  Sin.  Lat. 
Foucaiilt  verified  his  conclusions  on  a  grand 
3  by  suspending  a  pendulum  from  the  interior 
he  cupola  of  the  Pantheon ;  nor  does  it  re- 
e  more  than  ordinary  precaution,  and  the  use 

long  suspension,  to  enable  any  one  to  bring 
he  same  manner,  under  the  notice  of  any 
iber  of  persons,  this  palpable  evidence  of  the 
ition  of  the  Earth. — (3.)  M.  Foucault  has 
e  then  imagined  a  still  more  ingenious  device 
1  the  same  end — embodied  in  his  Gtroscope 
•)  If  a  mass  be  set  in  rotation  freely  in 
:e,  it  will — unless  disturbed  or  constrained — 
<'rve  ahsolutely  the  plane  of  its  rotation;  and, 
icct  this,  it  will  even  overcome  shght  obstacles, 
the  mechanical  contrivances  constituting  the 
oscope,  a  heavy  ring  of  metal  a  a,  is  so  freely 
lended,  that  it  is  almost  at  entire  liberty  to 
1  in  any  direction.  That  ring  is,  while  de- 
icd — as  in  the  small  figure — set  in  very  ra- 

rotation,  and  then  placed  in  its  frame — a 
le  so  nicely  constructed  that  the  heavy  ring 

continue  to  rotate  for  a  considerable  period, 
,  as  we  have  said,  enjoy,  all  the  while,  fullest 
rty  to  assume  the  position  suited  to  its  mecha- 
il  condition.    Suppose  now  that  a  graduated 

on  the  edge  of  the  apparatus  is  exammed 
ough  the  telescope  m;  it  is  clear  that  if  the 
:h  be  at  rest,  the  same  graduated  line  will 
tmue  under  the  spectator's  eye  at  the  tele- 
?e.  But  if  the  earth  is  rotating,  and  carrying 
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the  Gyroscope  along  with  it,  the  revolving  ring 
cannot  remain  in  its  original  relation  to  the  tele- 


Fig.  3. 

scope,  just  because  its  displacement  by  the  Earth 
would,  if  it  did  so,  change  the  plane,  in  space,  in 
which  the  ring  revolves.  To  retain  itself  in  that 
plane,  therefore,  the  ring  will  cause  the  gradu- 
ated slip  to  move  round  under  the  telescope ;  and 
the  observer  will  discern  the  difFerent  lines  of 
graduation,  passing  regularly  under  his  eye,  ex- 
actly as  a  star  moves  across  the  field  of  view 
of  a  transit  instrument.  The  mechanism  pe- 
culiar to  the  GyroscoiK,  we  shall  describe  under 
a  special  article:  it  is  sufficient  here  to  have 
shown  in  what  manner  it  fulfils  its  very  interest- 
ing object. — Neither  the  rotation,  nor  the  orbital 
motion  of  the  Earth,  then,  can  longer  be  treated 
as  admirable  hj'potheses — they  are  established 
facts. 

(2.)  The  Earth,  Magnitude  and  Figure  of. — 
The  subjects  now  referred  to,  have  given  rise  to 
as  large  and  interesting  a  series  of  researches,  as 
those  that  relate  to  any  other  point  of  our  cos- 
mical  mechanics.  We  shall  endeavour  to  notice 
their  chief  characteristics.  —  It  is  needless  to 
dwell  on  those  familiar  considerations  that  indi- 
cate the  general  shape  of  the  Earth.  Multitudes 
of  common  phenomena,  such  as  the  aspects  of 
bodies  seen  from  a  distance — the  regular  ap- 
parent increase  and  diminution  of  tho  altitudes 
21 
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of  stars  on  the  meridian,  wlicn  the  observer  tra- 
vels northward  or  southward — and,  above  all, 
the  shape  of  the  Earth's  shadow  as  seen  in 
Eclipses  of  the  Moon, — all  concur  in  proving  that 
our  planet's  form  is  globular,  approaching,  indeed, 
to  a  perfect  sphere.  The  Magnitude  of  that 
sphere  is  easily  determined — at  least  the  methods 
of  determining  it  may  be  readily  apprehended. 
Take,  for  instance,  two  points  on  the  Equator, 
so  remote  from  each  other,  that  the  one  point 
(because  of  the  Earth's  rdtation)  will  pass  ex- 
actly underneath  a  star,  (or  have  a  star  on  its 
meridian,)  exactly  one  sidereal  hour  after  the 
same  thing  has  happened  to  the  other.  These 
two  points  being  determined  by  Astronomical 
Observation,  their  actual  distance  in  miles  may 
be  measured  by  processes  of  Geodesy  or  gene- 
ral Surveying.  But  as  the  first  of  these  points 
moves  through  the  whole  Equatorial  circuit  in 
twenty-four  hours,  (the  period  of  the  Earth's  ro- 
tation,) it  is  plain  that  the  measured  distance 
must  be  exactly  a  twenty-fourth  part  of  the  en- 
tire girth  of  the  globe  at  the  Equator,  in  other 
■words,  a  twenty-fourth  part  of  the  cii-cumference 
of  the  terrestrial  S2}here.  It  is  not  necessary, 
however,  that  the  precise  space  just  mentioned 
should  be  measured,  nor  that  it  lie  on  the  Equa- 
tor ;  the  accurate  measurement  of  a  degree,  or 
any  part  of  a  degi-ee,  of  Astronomical  Longitude' 
or  Latitude,  at  any  portion  of  the  Earth's  sur- 
face, will  answer  the  same  end :  nor  is  there  any 
difficulty  in  the  process,  except  that  which  belongs 
to  the  exact  determination  of  the  distance  be- 
tween the  two  selected  points— a  process  unques- 
tionably demandmg  all  the  resources  of  practical 
Geodesy. — The  general  problems  regarding  the 
Shape  and  Magnitude  of  the  Earth  being  thus 
resolved,  it  remains  to  inquire  whether,  with  mi- 
nute accuracy,  the  sjjkerical  form,  can  be  attributed 
to  our  planet.  Observation  of  the  figures  of  our 
companion  planets  do  not  encourage  an  affirma- 
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Newton  concluded  from  these  considerations  that 
the  Earth  cannot  be  a  sphere,  but  an  ellipsoid^ 
whose  shorter  diameter  is  the  polar :  and  he  de- 
termined that  the  actual  Polar  and  Equatorial 
diameters  of  the  Earth  must  be  to  each  other  as 
229  :  230.    However  valuable,  as  a  first  contri- 
bution, Newton's  labours  could  not  be  expected 
to  issue  satisfactorily,  either  as  regards  the  fore- 
going numerical  determination,  or  the  general 
shape  he  attributed  to  the  Earth.  Having  taken 
no  account  of  the  fact  that  the  density  of  the 
Earth  in  all  probability  increases,  as  we  proce 
from  surface  to  centre,  the  ratio  he  gave  could] 
not  be  the  true  ratio :  and  although  he  proved! 
that  the  Equatorial  diameter  must  be  longetl 
than  the  Polar,  he  did  not  prove  that  the  coa;| 
tour  of  the  Earth  must  le  that  of  an  Ell 
This  latter  proposition,  mdeed,  has  not  even 
received  a  competent  demonstration ;  nor 
Geometers  entitled  to  assert  that,  m  its  full  ge 
rality,  it  is  true.    But  one  positive  proposition 
of  which  it  is  a  converse,  in  excess,  has  been^ 
thoroughly  established.    The  excellent  Scotch- 
man, Colm  Maclaurin,  laid  down  a  general  theo-l 
rem,  which  will  alwaj'S  be  held  a  landmark.! 
Clairaut,  building  on  this,  proved  that  in  the| 
case  of  a  rotating  ellipsoid,  a  proportion  between 
the  major  and  minor  axis,  could  always  be  de-t 
termined,  so  that — whatever  the  law  of  augmai'f 
tation  of  density  towards  the  centre— all  the^ 
particles  of  fluid  filling  a  canal  of  any  form  within  i 
it,  should  be  at  rest.    The  successors  of  these  t 
eminent  men,  advanced — by  generalizmg  and  f 
simplifying — their  analysis ;  but,  among  all  their ' 
remarkable  efibrts,  it  were  wrong  to  omit  notice 
of  the  classical  labomrs  of  our  own  James  I  von'. 
As  inquiry  proceeds,  however,  indications  in- 
crease, that  we  are  not  entitled  to  infer  the 
correct  ellipticity  of  the  Earth,  or  any  other 
rotating  planet,  as  a  logical  e'converso:  nay, 
recent  investigations  by  Jacobi  of  Berlin,  tend 


tive  conclusion,  as  their  discs  are  in  no  case  per-  i  to  the  conclusion,  that  other  forms  of  a  rotating 
fectly  chcular:  and,  immediately  after  the  dis-  !  bod.v,  may  also  be  forms  of  equilibrium.--liuc  » 
coverv  of  gravitation,  Newton  discerned  that  no  I  tm-ning  from  abstract  Dynamical  Theory,  let  u»tt 
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globe' m  rotation  can  be  expected  to  be  spherical, 
Suppose,  that  in  such  a  planet  as  ours,  a  canal 
were  cut  from  the  Pole  to  its  centre,  and  another 
canal  at  right  angles  to  it,  from  centre  to  Equa- 
tor ;  it  is  clear  that,  if  the  planet  has  assumed  a 
stable  form,  a  fluid  filling  these  two  canals  ought 
to  be  in  equilibrio ;  i.e.,  the  weight  of  fluid  in 
one  of  the  canals  should  have  no  tendency  to 
overbalance  or  push  out  the  fluid  in  the  other. 
In  a  planet  at  rest,  these  canals  would,  under 
such  circumstances,  be  equal  in  length ;  and  the 
planet  a  jierfect  sphere :  but  it  is  diflerent  under 
the  condition  of  a  globe's  rotatio}i.  The  centri- 
fugal force,  afl"ccting  in  this  case  the  canal  from 
Equator  to  Centre,  and  not  aff-ecting  thc_  one 
from  Centre  to  Pole,  would  virtually  diminish 
the  efective  weight  or  the  densil;/  of  the  fluid  in 
the  fonner ;  so  that,  to  produce  equilibnuni,  the 
Equatorial  Canal  must  be  longer  than  thelolar. 


now  briefly  notice  the  means  employed  to  asccr 
tain  the  exact  figure  of  our  planet  by  ac""" 
measurement  and  observation.    These  are  i 
— (1.)  The  geodetic  measurement  of  a  degn 
the  meridian,  suflices,  as  we  have  seen,  to 
mine  the  JLngnitude  of  the  Earth ;  the  itis 
ment  of  two  degrees  or  portions  of  dcgre 
Latitudes  considerably  apart,  is  enough  to  : 
its  exact  shape  or  eccentricity.    If  p  k  Q  E'  1 
ellipse,  it  is  easy  to  see  that  its  curvature" 
much  greater  about  the  ends  of  the  msjor  axist^ 
than  at  the  ends  of  the  minor— near  e  or  r.'  thani' t 
near  r  or  Q.    In  other  words,  the  osculating  ohl 
equicurvc  circle  near  v  will  have  a  longer  ra-> ' 
dius  than  the  same  circle  in  the  proximity  w 
E.    Let  m  m'  and  n  n'  represent  spaces,  in  those 
diflerent  localities  answering  to  the  same  fiseu 
number  of  decp-ees,  ascertained  astronomically,  oy  ^ 
lie  latitudes  of !«,?»' and  n,«  ;»  . 


the  deteraiination  of  the  latitudes 
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meaning  of  which  is,  that  the  angle  u  s  n' 
jcing  the  centre  of  curvature  of  n  n') — is  equal 


Fig.  4 

he  angle  m  n  in', — n  being  the  corresponding 
re  for  the  arc  m  m'.  But  if  these  two  angles 
■qual,  it  follows  that  the  line  or  distance  n  n' 
leater  than  the  line  or  distance  mm',  just 
mse  «s  is  greater  than  mn;  that  is  to  say, 
ided  the  earth  be  an  ellipsoid  whose  minor 

is  the  polar,  the  length  of  degi-ees  of  Lati 
— measured  geodesically — must  increase  from 
ator  to  Pole :  and  the  ratio  of  this  ina^ease, 
■nding  on  the  ratio  of  the  axes  of  the  ellipse, 

if  accurately  determined,  reveal  that  ratio. 
measure  such  arcs  in  different  latitudes  has 
I  the  object  of  many  great  Surveys,  under 
n  on  a  scale,  whose  costliness  could  be  met 

by  the  resources  of  great  Nations.  England, 
ice,  and  Russia  have  all  contributed  munifi- 
ly  in  aid  of  the  gigantic  work ;  and  the  mean 
verage  result  of  all  the  measures  is,  that  the 
nicity  of  the  Earth  is  l-299th,  or  that  the 

are  to  each  other  as  298  :  299.  Corres- 
ling  results  may  be  derived  from  the  mea- 
inent  of  degrees  of  Loncjitude,  at  different 
tudes,  but  the  explanation  of  this  method 
t  not  detain  us  here. — It  falls  to  be  observed, 
iver,  that  the  various  measurements  effected, 
lot  quite  harmonize;  nor  is  it  possible  to 
ain^  the  discrepancies  otherwise,  than  by 
buting  them  to  unknown  iiTegularities  in 
inner  structure  of  our  globe,— irregularities 
h  affect  the  level  or  the  plummet,  and  must 
•fore  deprive  all  such  researches  of  the  attri- 
'  f  ultimate  accuracy.— (2).  The  ellipticity  of 
l.arth  is  also  indicated  by  that  invaluable 
^ical  Instrument,  the  Pendulum.    We  shall 
ose  that  the  length  of  the  Pendulum  vi- 
ng  seconds,  has  been  measured  at  various 
ides,  wth  extreme  nicety,  and  corrected 
;he  influence  of  the  varying  density  of  the 
a  which  it  oscillates— a  process  of  no  trifling 
icacy  and  difficulty.     Now  theory  tells  us 
•  <7,  or  the  force  of  attraction,  under  which 
•pendulum  oscillates,  is  determined  by  the 
"fleformuhi: —  *^ 

—  ill 

the  force  of  gravity  depends  on  the  shape  of 
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the  Earth ;  or  on  the  distance  of  the  place  from 
the  Earth's  centre.  That  distance,  then,  at 
Pole,  or  Equator,  or  intervening  positions,  will 
follow  from  the  length  of  the  second's  produc- 
tion. The  average  of  a  multitude  of  observations 
in  this  case,  gives  the  ellipticity  at  l-285ths. — 
(3.)  The  remaining  method  of  determination, 
depends  on  the  relation  between  the  Eartli's  pro- 
tuberance, and  certain  im.portant  phenomena  in 
Celestial  Mechanics.  It  is  the  action  of  the 
Moon  and  Sun  on  this  protuberance,  which  gives 
rise  to  the  phenomena  of  Pkecession  and  Nu- 
tation {q.v.),  and  that  protuberance  reacting  on 
the  Moon,  produces  inequalities  in  her  motions 
in  Longitude  and  Latitude.  It  is  impossible  to 
evolve  the  ellipticity  from  these  motions,  without 
an  assumption  as  to  the  law  of  the  increase  of  the 
Earth's  density  as  we  approach  the  centre ;  but 
an  assumption  that  cannot  be  far  from  the  truth, 
gives  1-305  as  the  result.— Upon  the  whole,  then, 
it  may  be  taken  as  a  conclusion  worthy  of  re- 
liance, that  the  Earth  is  an  elliptical  spheroid, 
rotatuig  around  its  shorter  diameter,  and  that  its 
ellipticity  is  about  1-300 ;— which  signifies  that 
the  Equatorial  diameter  is  longer  than  the  Polar 
by  about  four  and  a-half  times  the  height  of 
Mont  Blanc. 

(3.)  The  Earth,  Density  of. — The  achievement 
which  most  of  all  astonishes  the  young  student 
in  Astronomy,  is  probably  its  accurate  determi- 
nation of  the  weights  of  the  celestial  bodies.  It 
will  be  explamed  elsewhere  in  what  manner  the 
weight  of  every  constituent  in  the  solar  system 
can  be  compared  with  the  weight  of  the  Earth  and 
measured  by  it :  it  is  our  present  purpose  to  explain 
the  methods  by  which  om-  own  globe  is  weighed, 
and  that  weight  expressed  in  pounds  avoirdupois. 
We  shall  notice  three  methods — all  depending 
on  the  same  principle,  viz.,  a  comparison  of  the 
attractive  force  of  the  Earth  with  the  attractive 
force  of  some  smaller  body  whose  actual  weight 
we  can  estimate.— (1.)  The  first  method,  known 
for  upwards  of  a  centurj',  consists  in  obsei-ving 
how  much  a  mountain  mass  deflects  a  plummet 
from  the  vertical  position.    This  deflection,  accu- 
rately measured,  indicates  the  relative  powers  of 
the  Mountain  and  the  Earth:  so  that,  if  tlie 
actual  weight  of  the  Mountain  could  be  cal- 
culated, that  of  the  Earth  might  bo  inferred. 
Bougucr,  long  ago,  noticed  the  deflecting  or 
disturbing  efl'ect  of  CInmborazo;  but  it  was 
reserved  for  Maskelyne  to  conduct  experiments 
with  the  express  view  of  caiTying  out  this 
inquiry.     lie  chose  the   Scottish  mountain 
Schehallien — a  large  mass,  stretching  east  and 
west,  and  alike  steep  on  the  north  and  south. 
The  deflection  of  the  plunmiet  amounted  to  from 
4"  to  6" :  and,  assuming  a  certain  density  or 
weight  of  the  mountain,  it  was  easy  to  infer  from 
such  a  deflection,  that  the  mean  density  of  the 
Earth  is  nearly  five  times  gi-eater  than  that  of 
water.    The  chief  clement  of  uncertainty  is  evi- 
dently this,— sup[iosing  the  observations  to  be 
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scrupulously  accurate,  how  is  it  possible  to  deter- 
mine unmistakeably  the  weight  of  the  mass  of 
the  mountam?  Still  Maskelyne's  conclusions 
were  entitled  to  a  certain  authority;  and  they 
undoubtedly  constituted  the  first  I'eliable  step  in 
a  remarkable  inquiry.— (2.)  The  second  method 
13  much  more  accurate;  for  although  the  con- 
duct of  it  demands  an  unusual  nicety,  it  does 
not  require  us  to  deal  with  any  indefinite  quan- 
tity whatsoever.  It  is  the  method  kno^^^l  as  the 
Cavendish  Experivient, — performed  originally, 
on  the  suggestion  of  Michel,  by  the  well-known 
Henry  Cavendish,  and  recently  repeated  by  Eeich 
of  Freyberg,  and  Mr.  Francis  Baily.  The  gene- 
ral character  of  the  apparatus,  as  used  by  Mr. 
Uaily,  is  represented  below. 


' -a 


Fis.  6. 


Two  balls,  A  and  b,  of  about  two  inches  in 
diameter,  and  carried  on  a  rod  ab,  are  suspended 
by  a  wire  d  b  ;  and  their  position  observed 
under  every  precaution,  by  aid  of  a  telescope. 
This  position  determined,  large  balls  of  lead, 
twelve  inches  in  diameter,  placed  on  a  turning- 
frame,  are  brought  near  them,  in  so  careful  a 
way,  that  they  could  produce  no  effect  on  the 
small  ones,  except  through  the  force  of  their  at- 
traction. On  the  approach,  the  small  balls  moved 
towards  the  large  ones  by  a  very  triflmg  quan- 
tity, and  this  quantity  was  carefully  measured. 
By  aid  of  the  turning- frame,  the  position  of  the 
large  balls  is  then  reversed,  and  the  deviation 
iigain  noticed.  From  multiplied  experiments, 
(Mr.  Baily  made  upwards  of  2,000,)  the  amount 
of  deviation  or  deflection  was  accurately  deter- 
mined. This  element  ascertained,  tlie  calcula- 
tion is  brief.  It  is  no  difficult  matter  to  compute 
what  dead  pull  the  large  balls  must  have  given 
the  small  ones  to  produce  such  a  deviation.  But 
if  lead  balls,  twelve  inches  in  diameter,  exert 
such  a  force,  what  would  be  their  force,  or  their 
dead  pidl,  were  they  as  large  as  the  Earth  i  _  A 
question  easily  answered.  Now,  the  attractive 
force  of  the  Earth  is  known ;  that  being  the 

2U 


EAR 

iDei(jht  of  such  balls,  or  their  tendency  to  fall :— ^ 
the  attractive  power  of  the  Earth,  therefore,  may 
now  be  compared  with  the  attractive  force  of^* 
lead ;  and  since  the  density  of  the  latter  is  known,  •/> 
that  of  the  former  must  thereby  be  determined. 
It  turns  out,  from  Mr.  Baily's  results,  that  our 
globe  is  5"67  times  heavier  than  an  equal  volume, 
of  water; — a  conclusion  almost  accurately  di 
vined  by  the  memorable  sagacity  of  Newton — 
"  Verisimile  est  quod  copia  materiae  totius  in 
terra,  quasi  quintvplo  vel  sextuple  sit  quam  si 
tota  ex  aqua  constaret."    (Principia,  iii.  10.)— 
(3.)  A  third  mode  of  determining  the  Earth**  . 
mean  density  has  recently  been  put  in  practice  | 
most  successfully,  as  far  as  the  experimental  por- 
tion of  it  is  concerned,  by  Mr.  Airy,  Astronomer 
Royal.   It  consists  in  comparing  two  invai-iable 
pendulums,  the  one  on  the  Earth's  surface,  an4< 
the  other  at  a  considerable  depth  below  that  i 
face.    The  diflference  of  their  rates  will  give  thft 
difference  of  gravity  for  that  depth ;  and  from 
this  the  mean  density  maj'  be  computed.  The 
experimei\ts  were  made  at  the  close  of  1854,. 
at  the  surface,  on  the  banks  of  the  Tyne,  and  at: 
the  bottom  of  a  pit  of  Harton  Collierj^,  one_ 
the  deepest  coal  mines  in  this  country, 
low  station  was  no  less  than  1,260  feet  und:;^ 
ground.     The  ready  means  of  communicat' 
now  afforded  by  Electro-Telegraphy,  put  it 
Mr.  Airy's  power  to  render  his  comparisons  : 
feet ;  and,  as  a  matter  of  course,  he  overlooked' 
no  requisite  correction.    The  pendulimis  diffei 
in  rate  2  j  seconds  per  day ;  from  which  it 
lows  that  the  gravity  for  that  depth  was  increa 
by  the  1-19 190th  part.    The  density  of 
Earth  deduced  from  this  result,  is  between  ^ 
and  seven  times  that  of  water;  but  Mr.  Aiiy 
thinks  that,  as  yet,  he  has  not  taken  full  account 
of  the  holloio  of  the  Tyne,  of  the  basm  named 
Jarrow-slake,  of  the  scoop  mdicated  by  the  sea, 
and  of  the  real  and  observed  specific  gravity  of 
the  rocks  covering  the  mines  of  Harton.  The 
necessity  of  bestowing  values  on  considerations 
like  these,  shows  sufficiently  the  weak  part  of 
this  mode  of  determination : — on  the  whole,  we 
had  rather  trust  to  the  Cavendish  experiment. 

(4.)  The  Earth,  Temjteraiure  of— The  question 
as  to  the  actual  heat  of  the  surface  of  the  Earth—  • 
as  the  momentary  equilibrium  of  various  heat- 
ing forces — falls  in  the  main  witliin  the  sphere  of 
Meteorology,  and  wiU  be  discussed  under  one  sef- 
tion  of  article  Tempeu  ature.  The  forces  referred 
to,  are  the  Calorific  Action  of  Space,  the  Oak)-  j 
rific  action  of  the  Sun,  and  the  proiier  Heat  of , 
our  globe  itself:  the  last  onlv,  rightly  belonging  ^ 
to  the  Physics  of  that  globe.    That  the  l^arlh  ^ 
has  a  proper  or  special  temperature^ — or  tb.it 
large  portions  of  it  ha\-e  so— is  evuiced  by  maay  ^ 
phenomena,  of  which  the  follo\\'ing  is  the  chief:  ^ 
As  we  descend  beneath  the  surface,  diurnal  vaJi-  j 
ations  of  temperature  grow  less  and  less  palp^  • 
able,  and  at  length  they  cease.    The  tempera-  , 
turc  of  this  stratum  varies  only  with  the  seasons- 
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cending  still  farther,  tLe  variations  of  the 
ons,  in  their  turn,  show  less  and  less  ampli- 
■,  and  also  practically  cease  to  be  indicated : 
temperature  of  this  stratum  is  the  average 
perature  of  the  year,  and  may  be  called  the 
t  of  solar  effect.  Now,  below  this  line  or 
turn,  phenomena  occur,  in  all  respects  highly 
arkable.  The  temperatures  of  inferior  strata, 
?ad  of  diminishing,  as  they  recede  from  the 
ne  of  the  influence  of  the  Sun,  augment  ac- 
ing  to  a  very  perceptible  rate  : — the  fact  of 
:h  augmentation  is  undoubted,  being  proved 
3  by  the  phenomena  of  hot  springs,  and  the 
3ase  of  the  temperature  of  the  strata  in  deep 
5S.  The  only  point  at  all  in  question  has  re- 
ice  to  the  universaUty  of  this  increase.  It  is 
linly  still  open  to  doubt,  whether  the  ob- 
ations  have  been  extensive  enough  to  entitle 

0  assert  that  the  fact  may  not  atfect  large, 
perhaps  peculiar  districts   alone.  The 

age  rate  of  the  observed  increase,  is  that  of 
f  Fahrenheit  for  a  descent  of  between  40  and 
eet;  or  of  about  100°  per  mUe.  At  the 
h  of  fifty  miles,  supposing  this  rate  to  con 
3  uniform,  a  temperature  of  5000°  would 
ail ;  and  as  no  solid  element  that  we  laiow 
ould  resist  fusion  at  such  a  temperature,  the 
ence — granting  the  accuracy  of  the  pre- 
s — ^would  be,  that  our  globe  is  only  a  thin 

crust,  environing  a  liquid  molten  mass. 

conception  of  a  central  heat,  has  been  the 
urite  one.  Fourier  takes  it  as  the  basis 
is  remarkable  theorj';  and  Humboldt  and 
r  geologists  of  widest  view,  have  discerned  in 
central  Heat,  and  in  the  action  and  reaction 
een  the  liquid  centre  and  a  thin  solid  crust, 
cause  of  volcanoes,  earthquakes,  and  our 
d  secular  elevations.    Witli  eveiy  respect  to 

1  illustrious  names,  we  must  interpose,  that 
eference  of  those  superficial  con%-u]sions  and 
■avmgs — momentous  to  us,  but  trifling  in 
rd  of  the  whole  Earth — to  such  a  cause,  is 
inly,  the  explanation  of  a  small  efl^ect  by  a 
endous  premise :  but,  what  is  much  more 
Ttant,  Mr.  Hopldns  appears  to  have  defi- 
y  shown,  that  the  Astronomical  and  tho- 
hly  ascertained  plienomena  of  Precession  (see 
article,)  are  dynamically  irreconcileable  with 
such  thinness  of  crust. — Another  solution  has 
offered  recently  by  Poisson.  He  imagines 
through  some  cause,  the  various  regions  of 

3  may  have  different  temperatures ;  and  that, 
:e  sun  sweeps  on,  in  virtue  of  his  movement 
ranslaiion,  the  planetary  system  will  bo 
Sed,  now  into  a  coid  region,  and  again  into 
rm  one.  If  Ave  have  left  a  warm  region, 
entered  a  cold  one,  the  body  of  the  Earth 
;  now  be  cooling,  and  the  increase  of  tempc- 
■e  to  a  great  depth  below,  becomes  explicable, 

t  from  the  hypothesis  of  a  central  Heat  

ere  needless  to  go  into  other  hypotheses, 
habitudes  of  the  Earth,  and  the  entire  sub- 
of  the  sources  of  Heat,  are  as  yet  too  little 
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known,  to  entitle  us  to  take  up  dogmatically, 
any  existing  positive  theory  whatever. 

Eartliqunkc.  The  change  which,  within 
these  few  recent  years,  has  passed  over  our 
knowledge  of  this  most  stupendous  and  alarming 
of  terrestrial  phenomena,  happily  constrains  no- 
tice of  it,  in  a  dictionary  of  physical  sciences. 
The  ability  of  Mr.  Mallet,  of  Dublin,  alike  in 
his  investigation  of  physical  causes,  the  critical 
discussion  of  historic  records,  and  his  experi- 
mental verification  of  bold  and  unlooked-for 
deductions,  appear  to  have  dispelled,  in  regard 
to  earthquakes,  that  mysteiy  and  misconception 
with  which  every  subject  affecting  our  wonder 
and  apprehension  continues  siu-rounded,  until 
inquiry  has  revealed  its  laws.  For  two  reasons, 
we  shall  make  no  attempt  to  narrate  the  re- 
corded sights,  sounds,  and  motions  that  are  said 
to  accompany  earthquakes  because  the 

general  impression  regarding  them  is  nearly  as 
correct,  as  such  records,  in  the  state  in  which 
they  are  presented  to  us ;  and  we  have  no  space 
to  follow  Mr.  Mallet's  searching  and  convincing 
criticism:  secondly,  because  the  actual  facts  will 
be  much  better  understood  from  a  simple  state- 
ment of  their  explanation. — Earthquakes  are  the 
consequence  of  a  shock  or  impulse  of  some  sort 
inflicted  on  the  solid  portion  of  the  earth,  at 
some  point  below  its  surface.     This  shock  is 
sometimes  accompanied  by  permanent  elevation 
or  subsidence  of  portions  of  the  surface:  with 
this  effect  or  concomitant,  however,  we  have 
nothing  at  present  to  do :  the  earthquake,  pro- 
perly so  called,  results  from  the  shock  alone. 
Now,  this  shock  may  be  given  right  under  some 
continent,  or  within  part  of  the  solid  earth 
lying  beneath  the  ocean.     This  latter  is  the 
more  complex  case,  and  also  the  more  usual  one: 
we  shall  trace,  therefore,  only  its  consequences. 
Such  a  shock,  it  is  evident,  will  affect  three  of 
the  constituents  of  the  globe, — the  solid  mass 
above  the  seat  of  the  shock — the  ocean  lying 
over  the  seat  of  the  shock — and  tlie  superincum- 
bent atmosphere.    Let  us  attend  to  these  three 
effects  separately — (1.)  A  shock,  whatever  it 
be,  communicated  to  any  point  of  an  elastic 
solid  mass,  is  propagated  by  two  kinds  of  vibra- 
tion or  waves.    In  the  first  place,  there  is  an 
elastic  leave  of  compression,  that  moves  onward 
on  all  sides  in  circles,  proceeding  from  the  point 
of  shock  as  a  centre,  and  carrying  to  a  distance 
a  sense  of  the  trembling,  or  of  the  original  shock. 
Such  waves  of  trembling  or  undulation  go  in 
all  directions,  vertically  as  well  as  horizontally — 
but  much  farther  horizontal!}'  than  vertically. 
The  state  of  the  neighboiirliood  when  a  heavy 
railway  train  passes  through  a  tunnel  illustrates 
both.    On  the  top  of  the  tunnel  there  is  a  ver- 
tical movement  of  the  soil,  however  slight ;  and 
at  a  far  greater  distance,  horizontally,  a  trem- 
bling or  agitation  is  felt.    Slightest  causes  pro- 
pagate such  oscillations:  — we  have  heard  that 
the  sudden  shutting  of  the  outer  gate  of  Green- 
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wich  Observatory  has  sufficed  to  make  a  star 
appear  to  start  out  of  the  field  of  view  of  the 
transit- telescope.    It  is  not  possible,  then,  that 
the  sudden  ui)heaving  of  a  part  of  the  solid 
earth,  and  perhaps  its  immediate  and  violent 
fracture,  should  not  propagate  waves  of  com- 
pression all  around  it :  and  on  the  solid  surface 
these  will  have  the  exact  appearance  of  low  and 
broad  waves  at  sea,  only  rushing  on  with  an 
extreme  velocity.    The  velocity  of  their  pro- 
pagation depends,  of  course,  on  the  elasticity  of 
the  earth's  surface;  but  as  every  part  of  that 
rocky  crust  is  highly  elastic,  when  compared 
with  water,  the  earthquake  wave  through  the 
solid  portion  of  the  earth,  will  greatly  outstrip 
the  primary  sea  wave  in  swiftness.    The  rate  of 
its  transit  is  probably  not  less  than  2,000  feet 
per  second  on  an  average ;  and  it  is  to  this  swift- 
ness of  propagation,  and  not  to  internal  Jissures, 
&c.,  that  we  must  attribute  such  phenomena  as 
the  agitation  of  our  Highland  lochs  by  the 
earthquake  of  Lisbon.    This  solid  wave,  pre- 
senting all  the  forms  of  a  low  wave — with  such 
a  velocity  of  propagation — is  the  cause  of  the 
more  fearful  of  the  consequences  of  earthquakes : 
and  Mr.  Mallet  has  abundantly  shown,  not  only 
that  prevalent  conceptions  regarding  vortical 
motions  are  as  imuecessary  as  untenable,  but 
that  every  established  fact  of  concussion  or  de 
molition  may  be  referred  to  the  action  of  such 
a  wave.    And  he  has  shown  furthi-r,  that  inas 
much,  as  through  the  varying  elasticities  of 
different  rocks  composing  the  crust  of  the  earth, 
this  wave  cannot  be  propagated  circularly  any 
more  than  the  ocean  waves — the  deviations  from 
uniformity  of  propagation  will  amply  explain 
all  established  phenomena  apparently  at  vari 
ance  with  this  simple  physical  theory.  —  A 
second  wave,  however,  is  transmitted  through 
this  solid  crust,  viz.,  the  wave  of  sound.  On 
occasion  of  a  fracture  of  the  strata,  from  what- 
ever cause,  such  a  wave  will  instantly  be  pro- 
pagated, and  with  an  immense  velocity,  pos- 
sibly from  8,000  to  10,000  feet  per  second. 
Hence  the  rumbling  noise  often  precedmg  the 
shock  of  earthquakes. — (2.)  The  next  wave,  in 
physical  importance,  is  the  great  sea  -wave. 
This  must  be  distinguished  from  the  wave  or 
sea  agitation,  which  the  solid  wave  in  tlie  bed 
of  the  ocean  must,  as  it  were,  carry  on  its  back ; 
and  wliich  must  always  have  caused  that  iiheno- 
luenon  of  the  recession  of  the  sen,  noticed  so 
frequently  as  coincident  with  the  shock  of  earth- 
quakes.   The  primary  ocean  wave— a  large  but 
low  one— pr  ipag.itcd  on  all  sides,  and  modified 
as  it  proceeds  by  tlie  depths  of  the  channels  over 
which  it  flows,  must  altemately  dash  on  all 
coasts  in  the  neighbourhood  of  the  prnnary 
shock,  and  produce  efi"ect3  of  its  own.    Dut  as 
the  progress  of  the  solid  wave  and  that  of  the 
liquid  one  is  not  determined  by  the  same  con- 
dition,—that  of  the  former,  depending  on  the 
••lasticity  of  the  solid  strata;  that  of  the  latter 


on  the  mere  depth  of  its  channels, — it  cannot 
but  be  expected  that  discrepancies,  and  even 
apparent  disconnection  should  arise.  A  peculiar 
wave  of  sound  must  also  be  propagated  through 
the  ocean  Ij'ing  above  the  locality  of  the  shock. 
— (3.)  The  third' wave,  is  produced  by  the  a^- 
tation  of  the  atmosphere.  If  the  original  agita- 
tion has  been  suflSciently  abiiipt  to  cause  an 
adequately  swift  vibration  or  oscillation  in  the  • 
superincumbent  atmosphere,  a  great  wave  of 
sound  will  be  propagated  in  the  usual  wajv 
This  must  be  low  in  note,  and  must  reach  thft 
ear  considerably  after  the  shock  has  been  ex- 
perienced.— Such  are  the  causes  of  tlie  pheno-.; 
mena.  Mr.  Mallet  has  not  stopped  with  a  meiB 
general  appreciation.  And  important  experi- 
ments, on  a  large  scale,  directed  by  him,  ha" 
been  recommended  by  the  British  Association — 
See  its  valuable  Reports. 

Ebullition.  The  phenomena  of  ebullition 
and  spontaneous  evaporation  difier  in  this  mate- 
rial point,  that  in  ebullition  the  vapour  is  formed 
within  the  mass  of  the  liquid,  while  in  evapora- 
tion, it  is  formed  at  the  exposed  surface.  In 
what  circumstances  can  vapour  be  so  formed? 
Only  when  it  obtains  sufficient  tension  to  resist 
the  pressure  round  it.  Vapour  will  not  be  formed 
within  the  liquid,  where  the  pressure  is  15  lbs., 
per  square  inch,  provided  no  force  is  introduced 
capable  of  giving  that  vapour  an  opposite  tension 
at  least  equivalent.  The  force  ordinarily  emploj-ed 
in  producing  ebullition  is  heat.  Galvanic  cur- 
rents, and  other  agencies,  also  produce  it;  and 
they  liliewise  do  so  by  giving  sufficient  tension  to 
the' vapour  to  enable  it  to  resist  the  surrounding 
pressure;  that  obtained,  it  is  immaterial  what 
way  it  may  come.  The  boilmg  point  of  a  liquid 
depends,  indeed,  upon  the  pressure  to  Avhich  the 
liquid  is  subjected;  and  the  condition  of  boil." 
is  very  simple — namely,  that  the  heat  or  otlM 
agency  be  such  as  to  induce  a  higher  tension  * 
the  vapour  than  the  pressxu-e  can  keep  do' 
The  consequence  of  this  ought  to  be  that,  if 
ascend  a  mountain,  on  the  slopes  of  which 
pressure  of  the  atmosphere  is  less  than  at 
surface,  liquids  ought  to  boil  at  lower  tempi 
tures  than  at  the  surface.  They  actually 
so.   The  following  table  will  illustrate  this  :• 

Inches 
Tords  of 
high,  pressure. 

Farm  of  Antisann,  44S8  17-87 

Quito,  317C  20-74 

Mexico  24110 

,  Convent  of  St  Gotlinrd       230-2  23-0-> 

'  Briniivon   2,5-39 

Baths  of  Mount  Uovc,  113fi  2C"2G 

Madrid                             <5fi-'  27  72 

Phomljicres,                      459  28-o9 

Moscow                            ^128  28-82 

Lyons,..                           177  29-33 

Vienna,                            144  20-41 

Paris,..                                71  29-09 

Sea  Level,                            0  29-92 


The  same  law  holds  with  regard  to  all  lig 
Ikit  these  boil,  under  the  same  pressure,  at  (" 
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t  temperatures.  We  give  below  the  tempera- 
'  J  at  boiling  of  several  well-known  liquids; — 

Sulphuric  ether,  100°'04 

Sulphuret  of  carbon,  116'6 

Alcohol,  175-04 

Water,  212 

Essence  of  turpentine,   314  6 

Phosphorus,  554 

Sulphur,  570-2 

Sulphuric  acid  590 

Linseed  oil,  600-8 

Mercury,  662 


ppears,  then,  that  dififerent  liquids  boil  at  dif- 
it  temperatures,  and  that  any  given  liquid 
3r  lighter  pressures  will  boil  at  lower  temper- 
es.    The  opposite  of  the  latter  result  will 

good;  i.e.  bodies  boil  at  higher  temperatures 
■r  heavier  than  ordinary  pressures.  Hence, 

Papin's  Digester.  We  can  easily  conceive 
)w  much  importance  this  is,  when  one  wishes 
>ply  a  very  regular  heat  to  a  body— a  deside- 
n  impossible  of  attainment  by  ordinary  com- 
on.  The  proper  process  is  to  generate  steam 
e  temperature  required— regulating  the  pres- 
imder  which  the  water  is  placed,  according 
e  temperature— maldng  a  partial  vacuum  of 
intended  to  be  low,  and  forcing  in  high  pres- 
air,  or  enclosing  it  simply  in  a  strong  vessel 
"apm's  Digester,  Tvith  a  valve  to  open  at  the 
r  time,  if  the  temperature  is  to  be  high, 
joiling  point  also  depends  somewhat  on  the 
•e  of  the  enclosing  vessel.  Thus  in  glass, 
•  boils  more  slowly  than  in  metal  pots.  The 
mess  of  the  surface  helps  it— just  as  there  is 
2tion  on  amalgamated  zinc,  in  a  battery 
!  rough  zinc  is  powerfully  decomposed, 
ibly  there  are  little  galvanic  currents  excited 
I  assist  the  formation  of  the  steam.    If  we 

in  a  few  scraps  of  metal  into  a  glass  pot, 
eam  forms  about  as  quickly  as  it  does  in  a 

one,  and  it  first  forms  on  these  scraps ;  or, 

make  a  scratch  with  a  diamond  on  the 

of  such  a  vessel,  we  see  the  same  formation 
im  first  round  it.  The  boiling  point  is  only 
■er,  very  slightly  altered  by  the  insertion 
iqutd  of  masses  of  solid  matter,  and  not  at 
the  sides  of  the  vessel  be  rough  and  the 
■  be  not  dissolved.    Thus,  if  we  throw  sand 

pot  of  heated  water,  it  ^vill  boil  neitlier 

nor  later  for  tliat.  If,  however,  we  insert 
matter  which  is  soluble,  we  obtain  wliat 

'ty  IS  a  new  liquid,  and  the  boiling  point 
I'finge.    It  is  wortliy  of  note  that,  if  there 

ery  small  aperture  permitted  to  the  steam 
ig  from  water  to  escape  by,  the  temperature 

steam  varies  with  the  proportion  borne  by 
•erture  to  the  whole  vessel.    The  quantity 

mr  emerging  in  a  given  time  is,  gcneralh-, 
nuch  the  same;  but  there  seems  to  bo  a 
d  heating  effect  in  the  mere  rushing  of  the 

through  the  aperture.  The  issuing  steam 
tx.  give  back  part  of  its  heat  to  the  remain- 
Ms ;  and  tlie  more,  the  smaller  the  aportui-e. 


Temperature  to  which 
tlio  water  rises. 
212°- 
221°- 
239°- 
280°-4 
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Proportion  of  surfaces  of 
orifice  of  vessel. 

1-1,000  and  upwards. 

1-5,000  „ 
1-10,000  „ 
1-20,000  „ 


A  very  curious  phenomenon,  first  noticed  by 
Leidenfrost,  has  been  recently  investigated  with 
great  care  by  Boutigny.     It  is  this :  if  a  drop 
of  water,  or  any  volatile  liquid,  be  put  upon  a 
very  hot  metal  vessel,  there  will  not  be,  as  might 
have  been  expected,  any  immediate  vaporization. 
The  globule  will,  instead  of  that,  float  on  the  metal, 
as  a  needle  does  on  a  vessel  of  mercury,  without 
wetting  it.    The  heat,  when  so  violent,  produces 
a  repulsive  force,  which  keeps  it  from  touching 
the  metal  at  all.    If  the  metal  gradually  cool, 
there  will  be  a  wetting  of  it,  and  then  an  imme- 
diate evaporation.    The  character  of  the  liquid 
and  of  the  metal  go,  together,  to  determine  the 
temperature  at  which  the  vaporization  takes 
place.    The  play  of  repulsive  forces,  M.  Bou- 
tigny informs  us,  induces  the  globule  always  to 
take  an  ellipsoidal  or  spheroidal  shape.  He 
mentions  340°  as  about  the  lowest  temperature* 
at  which  the  result  described  is  produced  for 
water.    A  drop  takes  a  spheroidal  shape— a 
larger  quantity  becomes  flattened  in  shape- 
always  _  retaining  the  form  of  an  ellipsoid  with 
Its  axis  vertical.     A  somewhat  remarkable 
result  will  be  obtained,  by  darting  a  jet  of 
sulphuric  acid  upon  the  watery  globule.    It  ad- 
heres to  the  heated  body  readier,  and  is  suddenly 
volatilized  by  the  violent  heat.    The  heat  of 
volatilization  comes   also  however,  from  the 
water  as  well  as  from  the  heated  body ;  and  there 
is  so  much  thus  abstracted  as  io  freeze  the  water 
at  the  bottom  of  the  red-hot  vessel  in  which 
it  is  contained.  — A  very  interesting  applica- 
tion of  the  theory  of  ebullition  may  be  made  ia 
determining  by  means  of  it  the  height  of  a  moun- 
tain. Taking  Eegnault's  values  of  the  tension  of 
vapour  of  water  as  correct,  water  which  would 
boil  at  90°  centigrade,  or  194°  Fahr.,  would  indi- 
cate a  tension  of  525-45  mill.  (20-66  inch)  of  mer- 
cury—the standard  being  760,  and  the  weight 
of  tlie  air  is  diminislied  exactly  in  this  proportion. 
If,  therefore,  at  the  top  of  a  hill  you  get  water 
to  boil  at  194°  cent.,  you  have  a  pressure  = 
525-45 

-  X  atmosplicric  pressure  at  surface.  If 


760 

now,  observations  be  made,  or  calculations, 
which  may  show  us  how  much  tlio  weight 
of  the  atmosphere  diminishes  as  we  rise,  and 
what  is  its  weight  at  each  point  above  us,  wc 
can,  comparing  tliis  weight  witli  it,  obtain  the 
height  of  our  observed  point.  The  simple  rule- 
perhaps  as  correct  as  any  that  can  be  given  for 
moderate  heiglits,  is  tliat  tlie  boiling  point  is 
lowered  1  degree  for  every  550  feet  of  elevation. 
Thus  water  bolls  at  184°  on  the  summit  of  Mont 
Blanc,  giving  it  an  elevation,  by  this  rule,  of 
15,400  feet,  wliile  its  actual  height  is  15  7'go 
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Eccentrlci    (Ptolemaic  Hypotheses.) 

When  the  ancient  astronomers  found  that  cer- 
tain of  the  heavenly  todies,  as  the  Sun,  do 
not  move  in  an  exact  circle,  -which,  as  they 
fancied,  is  the  perfect  figure,  or  at  a  uniform  rate, 
they  adopted  a  new  hypothesis  to  save  their  old 
one.  This  was  the  problem.  The  sun  (e.g.")  ap- 
pears to  do  something,  which  seems  not  moving 
uniformly,  or  else  not  in  a  perfect  circle;  but  as 
he  must  move  at  once  uniformly  and  in  such  a 
circle  —  required  the  explanation  of  this  false 
appearance?  They  supposed  that  the  stand- 
point from  which  we  view  his  motion,  viz.,  the 
earth,  is  not  in  the  centre  of  the  circle  which  the 
sun  describes,  but  nearer  the  circumference  (as 
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Eccentricilyt  In  such  circular  motion  as 
the  one  above  described  (where  there  is  a  uni- 
form motion  in  a  circle,  in  the  centre  of  which  the 
spectator  is  not,)  the  excentricity,  or  eccentricity, 
is  the  ratio  which  the  distance  r.  c  bears  to  the 
radius.  In  an  ellipse,  it  is  this  same  ratio — 
namely,  that  of  the  distance  between  either  focus 
and  the  point  of  bisection  of  the  line  of  foci 
(the  centre  of  the  curve),  and  tlie  major  semi- 
axis  of  the  cur\'e.  In  the  older  works  on  astro- 
nomy the  term  is  also  applied  to  the  value  of 
this  line  itself.  (Tcchrdcal!)  The  mathematical 
expression  for  the  eccentricity  of  the  ellipse  is 


E  within  r  Q  a).  Now,  if  the  sun  do  move  in  a 
circle,  and  at  a  uniform  rate,  his  movement  in  a 
given  time  will  be  along  p  g.  In  the  next 
time  of  the  same  length  he  will  describe  gf, 
equal  to  p  g.  These  lines,  p  g,  g  f,  ■will  subtend 
equal  angles  at  the  centre  c,  because  equal  arcs ; 
and  to  an  observer  at  c,  therefore,  who  measm-es 
their  motion  by  the  angular  space  passed  over, 
they  will  appear  to  indicate  uniform  circular 
motion.  But  an  observer  at  e,  sees  the  angles 
G  E  p  and  F  E  G  to  be  described  in  equal  times, 
and  these  two  angles  manifestly  vary  in  value. 
Hence  the  body  moving  along  pgf  will  appear 
to  describe  unequal  spaces  in  equal  times,  to 
the  spectator  at  e.  This  is  exactly  what  the 
sun  does,  to  tlie  inhabitants  of  the  earth,  (in 
fact,  his  motion  can  be  very  closely  approxi- 
mated to,  in  this  way,  by  an  appropriate  clioice 
of  tlie  position  of  e— sec  Anomaly)  ;  and  it  fol- 
lows, therefore— since  tlie  postulates  already  ad- 
vanced are  indisputable,  according  to  the  old 
astronomers — that  the  earth  is  in  the  position  e. 
The  circle  is  called  an  eccentric. 

lilccrntric  (Sleam  E!:na;iiic)  is  a  circu- 
lar ])Iate  fixed  in  the  rotating  axle  of  a  steam 
engine,  so  tliat  it  may  pass  at  some  not  very 
large  distance  from  its  centre.  By  its_  means 
the  valve  gear  and  pumps  of  the  engine  are 
wrought  very  easily.  It  is  an  engineering  con- 
trivance of  Murdoch's,  and  is  almost  universally 
adopted  in  engines. 


V'  — ,  and  of  the  hyperbola  V  - 

Echo.  We  have  seen  (Acoustics)  that,  in 
all  ordinary  cases  of  sound,  there  is  vibration  of 
the  air  or  other  elastic  media ;  and  that  to  this, 
the  impression  of  sound  is  due.  We  have  sup- 
posed, there,  that  the  sound  has  been  propagated 
from  its  source  to  the  ear  directly,  and  that  its 
source  was  a  body  in  which,  by  direct  action, 
vibration  had  been  produced.  Suppose,  however, 
that  such  a  body  sends  out  a  pulse  of  vibi'ting 
air,  which  strikes  upon  some  one  that  will  no  ^r- 
mit  its  passage.  Here  we  have  a  mere  repet  ion 
of  such  an  impact  as  may  produce  \'il)ralion. 
The  body  which  has  interposed  has  such  motions 
excited  in  its  surface ;  and  these  again  send  back 
the  air  in  similar  pulses.  This  phenomenon  is 
called  that  of  the  reflexion  of  snund,  and  to  it  is 
due  what  is  called  an  echo.  When  light  is  re- 
flected, we  have  seen  (Catoptrics)  that  the  re- 
turning ray  moves  ui  such  a  direction  that  the 
angles  of  incidence  and  of  reflexion  are  equal 
The  same  law  holds  in  sound.  In  that  case,  how- 
ever, we  were  permitted  to  consider  light  as  com- 
posed of  a  number  of  independent  rays,  which 
could  be  reflected  also  independently,  and  which,! 
in  their  course,  do  not  communicate  their  own 
vibration  necessarily  to  the  luminiferous  ether 
round  that  section  of  it  through  which  they  pass. 
But  here  we  must  consider  that  every  vibrating 
point  sends  out  vibrations  in  all  directions  round 
it ;  and  that,  when  a  surface  is  set  to  vibrate,  :h(  i 
various  parts  of  it  originate  vibrations  which 
may,  to  a  considerable  extent,  interfere  the  one 
witii  the  other.  There  is  not  verj'  much  inpor- 
tance  to  be  attached  to  this  eflect,  however,  ii 
tlie  simpler  cases,  and,  in  consequence,  the  sami 
laws  may  be  conceived  to  hold  for  sound  th.T 
have  been  proved  to  hold  for  light.  (Ca- 
toptrics.) Thus,  if  a  sound  be  made  at  on( 
focus  of  an  ellipsoid,  a  series  of  sonorous  vibri- 
tions  will  be  excited,  all  of  which  will  be  sen 
back  from  the  ellipsoidal  surface,  according  to  tin 
law  of  reflexion,  to  the  other  focus,  llencc,  if' 
person  stand  there,  all  of  them  will  strike  oi 
his  ear,  and  a  sound  much  more  violent  tlia' 
could  be  heard  by  a  person  listening  to  the  dircc 
sound  at  any  point  of  the  ellipsoid  will  be  tl'' 
result.    The  person  standing  in  the  focus  ivil 
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rst  hear  the  direct  sound,  and  then  the  reflected 
)und,  in  one  vohime.    The  velocity  of  tlie  sound 
ave  is  the  same  after  as  before  ;  so  that,  as  the 
im  of  the  lines  drawn  from  the  foci  to  any  one 
jint  in  an  ellipse  is  constant,  all  the  waves 
iflected  from  each  elliptic  section  of  the  surface 
ill  converge  at  one  moment — traversing  equal 
)aces  in  equal  times.  This  species  of  vault,  there- 
re,  will  give  the  most  powerful  echo.  A  circular 
)me  will  illustrate  this  also,  if  we  place  ourselves 
:  the  centre.    A  circle  is  just  an  ellipse  where  the 
ci  have  come  to  meet  in  one  point.    Hence,  we 
ill  hear  the  sound  which  we  create,  and  its 
flexion  from  all  the  circumferences  also.  The 
70  sounds  in  an  ordinary  dome  will  appear  as  if 
e  same.   The  sonorous  wave  travels  1,090  feet 
one  second,  so  that  the  abstract  difference  of 
ne  m  a  dome  of  54|-  feet  in  diameter  would  be 
'Out  1-2  0  th  of  a  second  only.    An  echo  in  this 
ly  can  be  always  produced  from  an  elliptic  sur- 
ce,  without  taking  into  account  the  distance  of 
e  foci.    Any  surface  may,  for  a  small  space, 
considered  as  part  of  an  ellipsoid— one  which 
)uld  just  touch  it  there — and  so  from  any  sur- 
:e  we  might  have  an  echo.    This  echo,  bow- 
er, would  not  be  at  all  the  same  as  that  where 
3  whole  elliptic  surface— catching  the  whole 
lume  of  emitted  sound,  reflects  it  on  to  the  other 
;us.    There  is  only  a  little  portion  which  sends 
els:  the  sound  accurately  to  that  point,  and  the 
10  is,  therefore,  much  more  faint.  Moreover,  the 
iptic  surface  so  formed  to  correspond  with  the 
tual  surface— I.e.  touching  it  at  the  specified 
int— may  not  have  its  focus  at  the  origin  of 
ind,  and  most  frequently  has  not.    The  echo 
lich  we  have  just  considered,  is  that  of  sound 
3urately  reflected  to  the  ear.    Diverging  first 
m  its  point  of  origin,  it  meets  a  surface 
uch  makes  it  converge  back  to  a  nev;  point, 
lere  the  ear  is  situated.    But  it  is  not  ali 
■faces  that  can  make  sound  so  converge.  Re- 
ring  back  to  the  case  of  plane  mirrors  (Ca- 
PTRics),  we  shall  find  that  there  is  produced,  in 
!  reflexions  of  light,  a  series  of  rays  which  do 
t  at  all  appear  to  converge,  but  appear  as  if 
:y  had  come  diverging  from  a  point  different 
m  that  where  they  actuaUy  originated.    So  it 
often  with  sound.    Reflected  waves  go  off 
m  the  impending  body  in  such  a  direction  that 
•y/'PP^ar  as  if  they  had  come  from  a  different 
•nt.    Though  this  point  is  behind  the  mirror, 
.  eye  situated  behind  the  mirror  would  receive 
impression  of  light,  because  the  rays  in  fact 
not  pass  through;  but  an  eye  before  it  will. 
_ilarly  an  ear  situate  before  a  plane,  reflecting 
ce,  will  catch  reflected  sound,  and  be  im- 
°*        ^^a'^e  from  a  point  be- 
„i  !  """^"^    "^''^       "lay  blend  the  two 
Dds  together-if  the  distance  from  the  surface 
not  great;  or  if  great,  there  will  be  a  dis- 
. '  f    ^'""^  "  P^^^°  ^'^''tlier  away.  When 

il«Tmnn  -K^'i  """f  *  at  once, 

ii8  mipossible,  from  the  velocity  of  light,  for  us 
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in  any  case  to  distinguish  between  the  time  of 
the  impressions.  Hence  the  ear,  not  trained  nearly 
so  well  as  the  eye  to  discover  distances  from  im- 
pressions upon  it,  will  confuse  the  two  sounds,  if 
they  do  not  come  at  intervals  quite  distinctly 
perceptible.    If,  however,  our  distance  from  the 
sounding  body  and  the  point  where  a  body  seems 
to  have  been  sounded,  in  consequence  of  the 
reflexion,  be  any  considerable  portion  of  1,090 
feet,  there  will  be  a  perceptible  inter\'al  elapsing 
between  the  two  sensations,  and  we  wiU  distin- 
guish a  decided  enough  echo.  If,  as  is  very  usual 
in  echoes,  or  rather,  as  is  most  usual  in  those 
which  have  been  observed,  we  hear  the  returning 
sound  at  the  same  place  where  the  sound  is  made 
— when  we  speak,  for  example,  and  are  answered 
by  an  echo— there  must  exist  a  reflecting  surface 
perpendicular  to  a  line  drawn  to  it  from  our  posi- 
tion ;  only  that  wave  of  sound  which  goes  from 
us,  perpendicular  to  the  reflecting  body,  can 
be  sent  back  to  us  accurately.    We  found,  in  the 
article  on  Catopteics,  that  "this  property  of  caus- 
ing divergence  of  luminous  raj's  was  not  confined 
to  plane  mirrors,  but  exists  also  in  convex  ones 
of  all  sorts.    The  same  property  holds  with  re- 
gard to  convex  reflections  of  sound.  There, 
however,  as  in  the  mirror,  the  focus  from  which 
the  reflected  wave  (of  light  or  sound)  seems  to 
come  is,  generally,  nearer  the  centre  of  emission 
of  the  somid  than  is  the  case  of  the  plane  mirror. 
There  is  an  echo,  therefore ;  but  the  tendency  to 
confuse  the  echo  with  the  original  sound  be- 
comes more  decided;  so  much  so,  indeed,  that 
it  may  become  almost  as  if  the  point  of  emission 
were  at  the  reflecting  surface  itself.  Hence,  these 
echoes  are  not  so  readily  noticed  as  in  the  case  of 
plane  reflection.    Very  often,  as  we  have  seen, 
concave  reflectors  make  the  sound  actually  curve 
back  before  their  surfaces,  so  as  to  pass  through 
a  point  at  which  the  auditor  may  be  placed.  In 
plane  reflectors,  it  seems  always  to  pass  from  a 
point  behind.   We  may  imagine,  therefore,  reflec- 
tors of  different  concavities  which  may  permit  the 
rays  to  appear  divergent,  as  if  they  came  from  a 
point  behind.    We  may,  therefore,  have  also  with 
concave  reflectors  what  might  be  called  the  virtual 
echo,  in  which  the  reflected  sound  appears  to  come 
from  a  point  through  which  no  sound  actually 
passes,  just  as  the  reflected  image  appeared  to  do 
so._   We  have  spoken  of  the  distance  between  the 
point  of  emission— the  point  of  reflexion — and 
that  of  hearing,  as  being  those  upon  which  de- 
pends the  confusion  of  echo  with,  or  its  distinct 
separation  from,  the  original  sound.    Where  the 
image  of  the  sound  is  actually  made  at  the  point 
at  which  we  hear  it,  the  sum  of  the  distances  of 
the  points  of  emission  and  of  hearing  from  that 
of  reflexion,  respectively,  must  be  a  moderate 
fraction  of  1,090  feet,  for  any  tonnd  to  give  a 
distinct  echo.    Where,  again,  the  image  is  vir- 
tual,  the  difference  of  the  two  distances  of  the 
points  of  emission,  actual  and  virtual,  from 
the  ear  must  be  such  a  fraction.    If  the  dis- 
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tance  of  the  auditor  from  the  actual  point  of 
emission  vfere  greater  than  from  the  virtual 
point,  we  should  hear  the  echo  sooner  than  the 
original  sound,  but  a  recurrence  to  the  figure 
for  plane  mirrors  (Catoptrics)  will  readily  show 
that  this  is  impossible.  In  fact,  the  distance 
from  the  point  of  virtual  emission  to  the  ear  is 
equal  to  the  sum  of  the  distances  of  the  point  of 
reflexion  from  that  of  actual  emission,  and  from 
the  ear.  These  two  last  lines,  along  with  the 
distance  of  the  ear  from  the  point  of  actual  emis- 
sion, form  a  triangle,  and  their  sum  is,  therefore 
(I.  20),  greater  than  that  Une.  Hence  the  echo 
can  never  come  before  the  sound  to  be  echoed. — It 
is  usual  to  describe  an  echo  by  the  number  of 
syllables  it  repeats.  This  depends  on  these  dis- 
tances, in  the  same  way.  We  can  repeat  so 
many  syllables  in  a  certain  time.  Hence,  if 
an  echo  takes  up  our  repetition  of  15  syllables, 
after  we  have  just  finished  it,  there  is  a  sort 
of  measui-e  furnished  of  the  distances  referred 
to.  Some  of  them  are  quite  measurable— and 
we  can,  therefore,  sometimes  calculate  the  posi- 
tion, in  a  simple  echo,  of  the  reflecting  body. 
Sometimes,  however,  we  have  a  more  complicated 
case  to  deal  with.  The  reflected  wave  may  be 
again  reflected,  and  that  again  and  again  and 
again  before  reaching  us.  If  the  position  of 
these  reflecting  bodies  is  quite  unknown,  it  will 
not  be  easy  to  find  it  out.  When  the  centre  of 
emission  of  the  sound  moves  during  the  time  that 
it  is  sounding— if  it  move  with  a  greater  velocity 
than  that  of  sound,  the  position  relative  to  us 
mav  manifestly  be  so  much  altered  that  we  shall 
hear  the  latest  emitted  sound  first,  by  reflection, 
and  the  first  latest.  Thus  a  flash  of  lightning 
moving  towards  us  produces  a  sound  which  is 
echoed  by  the  clouds  •,  and,  as  its  velocity  is  so 
much  greater  than  that  of  sound,  we  shall  hear 
the  reflexion  of  the  last  emitted  sound,  first— and, 
as  we  distinguish  distances  to  a  slight  extent  by 
the  ear,  calculating  from  the  intervals  of  sight 
and  sound,  we  shall  seem  to  hear  the  thunder  roll 
backward  when  the  lighting  has  been  moving 
forward.  The  clouds  are  capable  of  reflecting 
sound  as  well  as  more  solid  bodies,  although  the 
reflexion  is  not  at  aU  so  distinct.  Some  bodies  of 
much  more  substantial  texture  absorb  all  vibra- 
tions more  completely.  Thus  carpetings  and  cloths 
are  nearly  effectual  cures,  if  applied  properly,  for 
the  most  violent  echoes.  The  sail  of  a  ship  at 
sea,  when  distended  by  the  wind,  is  like  a  stretched 
string,  very  sensitive  to  impressed  force,  and  evi- 
dences this  very  readily  by  sonorous  vibrations. 
The  particles  of  the  atmosphere  play  a  very  im- 
portant part  in  the  reflexion  of  sounds  from  their 
own  mass-not  merely  transmitting  them  pas- 
sively; just  as  the  same  particles  reflect  light  and 
give  rise  to  the  phenomena  of  dawn  and  twihght. 
They  do  not  reflect  at  all  so  powerfully,  however, 
as  clouds  do.  Thus  a  cannon  fired  on  a  clear 
day  and  on  a  cloudy  day,  will  give  a  perceptibly 
different  report  with  the  same  charge.    A  cur- 
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cumstance  frequently  noticed  in  the  case  of  echoes, 
is  that,  after  ceasing,  they  appear  to  begin  again. 
Sometimes  this  arises  from  the  fact,  that  the 
reflected  sound  has  passed  through  one  portion 
and  struck  on  another  surface  perpendicular  to  it? 
direction,  or  on  a  series  of  surfaces  from  which  it 
has  been  again  reflected  back.  As  in  no  case  is 
there  not  some  loss  of  sound  in  producing  these 
intei-nal  vibrations ;  and  as,  generally  speaking, 
smaller  and  smaller  fragments  of  the  original 
sound  wave  are  reflected  every  time,  the  second 
echo  will  be  fainter  than  the  first,  and,  if  reflected 
again,  fainter  still.  Sometunes  it  arises  from 
another  cause — namely,  that  there  are,  in  fact, 
two  reflecting  surfaces,  at  difiierent  places,  from 
which  the  original  sound  is  reflected.  The  one, 
perhaps,  500  feet  distant,  gives  an  echo  in  about 
half  a  second ;  wliile  another,  perhaps,  2,000  feet 
distant,  gives  another  echo  in  about  t^vo  seconds. 
The  effects  of  echoes  on  buildings  in  rendering 
them  unfit  for  particular  purposes,  will  be  de 
scribed  in  the  article  Hearing. 

Eclipses.    It  happens  occasionally  that  the 
sun's  disc  loses  its  usual  circular  form.    It  be- 
comes indented  on  one  side,  the  indentation  in- 
creasing gradually  in  extent;  then  gradually 
dimmishhig,  until  finally  it  disappear.  Some- 
times this  indentation  augments  until  the  wholi 
disc  is  covered,  and  the  sun  remains  for  som< 
minutes  out  of  sight.    At  the  end  of  that  tini' 
he  reappears,  passing  successively  in  the  in 
verse  order  through  the  same  phases  that  hai 
preceded  his  disappearance. — The  moon,  alsc 
from  time  to  time,  undergoes  similar  modifica  i 
tions  in  the  form  of  her  disc,  which  must  noi 
although  there  is  a  certam  resemblance,  b 
confounded  with  her  phases.    They  last  neve 
longer  than  some  fraction  of  a  day;  they  ai 
much  more  irregular  in  theh  reappearance 
and  these  are  separated  by  much  larger  inte: 
yals.  —  These  remarkable  phenomena,  whic 
were  objects  of  terror  for  a  long  period,  « 
citing,  however,  only  our  curiosity  now,  8' 
called  Eclipses.  Those  of  the  sun  happen  alwa; 
at  the  time  of  the  new  moon,  and  those  of  tl 
moon  always  at  full  moon.    This  mdicates  tl 
explanation  very  readily.    At  new  moon,  t, 
moon,  which  is  passing  between  the  sun  and  t 
earth,  may  hide  a  larger  or  smaller  portion 
the  sun  from  us ;  and  there  is  an  eclipse  of  t 
sun.    At  full  moon,  the  earth  is  between  t 
sun  and  the  moon,  and  may  therefore  keep  t 
sun's  rays  from  falling  on  her  surface,  so  that 
becomes  a  dark  body— and  there  is  an  eclipse 
the  moon. — If  the  moon  kept,  in  its  moti 
round  the  earth,  constantly  in  the  plane  of  < 
ecliptic,  there  would  manifestly  be  an  eclipse 
the  sun  at  every  new  moon,  and  one  of  theme 
at  every  full  moon.    They  do  not  happen 
often,  because  the  moon  moves  in  a  plane 
clined  to  the  ecliptic;  so  that  being  sonietiinesi 
one,  and  sometimes  on  the  other  side  of  it, « 
at  various  distances  from  it,  it  passes  at 
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oment  of  syzygy  fax  enough  from  the  ecliptic 
prevent  there  being  an  eclipse.  There  can  only 
:  an  eclipse  at  those  times  of  new  or  full  moon, 
hen  the  moon  is  in  the  point  of  her  orbit 
iiere  it  cuts  the  ecliptic,  or  near  that.  From 
is  circumstance  the  name  Ecliptic  itself  comes, 
e  shall  enter  into  some  explanations  of  the 
cumstances  which  accompany  ecHpses  of  the 
m  and  Moon,  and  the  methods  employed 
r  predicting  their  return.  We  shall  begin 
;th— 

(1.)  Eclipses  of  the  Moon. — Let  us  trj',  if  we 
n  discover  whether  it  is  possible  for  the  earth, 
ming  between  the  sun  and  moon,  to  prevent 
e  sun's  rays  from  falling  on  her.  The  sun 
lits  rays  of  light  in  all  directions.  Those 
rected  towards  the  earth  are  stopped  by  it, 
d  beyond  it,  therefore,  there  is  a  portion  of 
ace  in  shadow.  Let  us  conceive  a  cone,  a  o  a', 
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mpletely  enveloping  the  sun  s,  and  the  earth 
— touching  their  surfaces  all  round.   It  is  easy 
•»  see  that  no  solar  ray,  supposing  it  constantly 
\  keep  its  rectilinear  direction,  will  penetrate 
:'to  that  part  of  the  cone  between  its  apex  and 
e  earth ;  whilst  it  will  be  seen  that  there  may 
ways  be  rays,  if  not  from  the  whole,  at  all 
ents,  from  a  part  of  the  same  body,  reaching 
•ly  other  point  in  space.   The  part  b  o  b',  then, 
institutes  the  shadow  of  the  earth,  turned  away 
:m  the  sun. — That  there  may  be  an  eclipse  of 
e  moon,  that  body  must  enter  the  cone  of  the 
"»dow.    If  we  draw  through  t  the  line  t  c, 
rallel  to  oa,  we  shall  have  two  similar  tri- 
gles  0  B  T,  T  c  s,  which  will  give  the  propor- 
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^  —  — Taking  tb,  the  radius  of  the 

h,  as  unity,  s  c,  (=  s  a— t  b)  will  be  111  ; 
id  the  distance  (mean)  t  s,  of  the  sun  from  the 
iTth  is  about  24,000.    Hence  ot  will  be  216, 
at  is,  the  distance  between  the  centre  of  the 
;rth  and  the  apex  of  the  cone  will  be  216 
imi-diameters  of  the  earth.    The  moon's  aver- 
:e  distance  is  only  60  such  semi-diameters. 
V  follows  that  the  moon  can  enter  the  sun's 
adow,  and  not  only  so,  but,  where  it  enters, 
"}f™eter  of  the  circular  section  of  the  cone 
Jl  be  very  much  larger  than  that  of  its  disc, 
that  It  may  be  completely  within  the  cone. 
'  I'Vi  n^^^^'""'  t''"'!  ^alf  the  distance 

^  ",-!'  '^y.'^^  greater  than  half  the  size  of 
-■e  earth  s  d).5c-that  corresponding  to  the  lunar 
«tance  from  o,  giving  a  space  of  i»|  of  this 

wV'.i"""''  ^"'^^^  than  that  of  the 
Mn.-Wl,en  the  moon  only  enters  tlie  cone  in 
rt,  the  ecl.pse  is  said  to  he  parlial;  when  it 
•es  80  completely,  it  is  <o/a/.-If  we  conceive 
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the  moon  to  progress  pretty  imifornily,  and  in 
a  direction  almost  perpendicular  to  the  axis  of 
the  cone  of  shadow,  we  may  get  an  idea  of  the 
leading  circumstances  of  an  eclipse.    Where  it 
is  partial,  the  shadow  gradually  increases  over 
the  moon's  surface  till  the  moon's  centre  is. 
in  that  part  of  her  orbit  nearest  the  axis  of 
the  cone,  and  then  gradually  diminishes  and 
disappears.     Fig.  2  will  give  an  idea  of  the 
indentation  apparent 
on  the  moon's  sur- 
face when  the  earth's 
shadow  passes  in  this 
way  over  any  part  of 
it.  The  indented  rim 
a  b  c,  is  a  portion  of 
the  outline  of  a  trans- 
verse section  of  the 
cone  where  the  moon 
is;  and  the  roimded 
form  of  the  rim,  which 
is  always  distinctly  noticeable  in  an  eclipse, 
clearly  demonstrates  the  round  shape  of  the 
earth,  (see  Earth,  Figure  of,)  which  gives 
character  to  the  cone. — In  a  total  eclipse,  the 
cutting  of  portions  of  the  luminous  disc  pro- 
ceeds till  all  is  so  taken  away.    After  some  time 
the  moon  reappears  on  the  other  side  of  the 
umbra,  and  goes  thi-ough  the  same  phases, 

identically  as  before,  but  in  inverse  order  The 

indentation,  when  the  body  is  but  partially 
eclipsed,  is  far  from  being  so  distinctly  marked 
as  tlie  figure  would  lead  us  to  suppose.  The 
shadow  has  a  penwribra,  as  always  happens 
when  we  speak  of  a  shadow  cast  by  an  object 
exposed  to  the  sun's  rays — Let  us  imagine— that 
we  may  have  an  idea  of  the  size  of  this  penum- 
bra—another cone  A  o  A',  having  its  apex  o, 
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between  the  sun  and  earth,  enveloping  the  sun 
s,  and  the  earth  t,  in  its  two  opposite  halves 
A  o'  A',  B  o'  B',  which  touch  the  surfaces  of  these 
bodies  all  round — It  is  clear  that  every  point 
within  the  space  c  b  b'  c',  and  without  the 
shadow  B  o  b',  must  receive  rays  of  light  fi  om 
a  portion  of  the  sun's  disc  only — from  such  a 
point,  only  a  portion  of  the  sun  could  be  seen,  the 
rest  being  concealed  by  the  earth's  interposition. 
It  will  be  clear,  too,  that  the  portion  of  sun  seen, 
or  that  sends  rays  to  the  point,  will  be  greater, 
the  nearer  the  point  is  to  the  outer  edge  of  this 
space.  So  that,  wliilst  the  moon  is  movitig  so 
as  to  enter  tlie  cone  of  the  earth's  shadow, 
a  portion  of  its  surface  begins  to  lose  its 
brightness  as  it  enters  c  b  b'  c'  —  the  liglit 
diminishing  as  it  goes  farther  from  the  outer 
surface  of  this  space,  till  it  disappear  in  the 
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umbra  itself ;  the  different  portions  of  the  disc 
occupying,  at  different  moments,  positions  within 
this  space  corresponding  to  the  penumbra,  there 
must  bo  an  insensible  diminution  of  light,  from 
the  points  illuminated  by  the  -whole  surface  of 
the  sun  to  those  to  which  no  ray  reaches.  But 
it  is  easily  seen,  that  the  diameter  of  the  moon's 
disc  is  not  so  large  that  we  should  clearly  dis- 
tinguish the  penumbra  in  its  whole  extent. 
The  angular  breadth  of  the  penumbra  is  exactly 
the  angle  c  b  o,  and  that  is  equal  to  A  b  a', 
which  is  just  the  apparent  diameter  of  the  sun, 
seen  from  the  earth ;  and  as  the  apparent  dia- 
meter of  the  moon  is  almost  the  same  as  that  of 
the  sun,  it  follows  that  she  may  fall  almost  the 
whole  breadth  of  the  penumbra. — The  passage 
from  the  pure  umbra  to  the  penumbra  is  quite 
insensible;  the  softening  down  of  the  shading  is 
so  gradual,  that  it  is  impossible  to  tell  the 
exact  moment  when  any  remarkable  point  on 
the  moon's  surface  leaves  the  penumbra  to  pass 
into  the  umbra,  or  the  reverse.— There  are  other 
circumstances,  due  to  the  presence  of  the  earth's 
atmosphere,  which  we  shall  now  consider. — We 
have  conceived  hitherto  the  rays  of  the  sun  passing 
near  the  earth  to  preserve  the  rectilinear  direc- 
tion with  \vhich  they  are  emitted  from  the  sun 
But  we  know  that  rays  traversing  the  atmo- 
sphere do  not  maintain  their  original  direction ; 
they  change  it  whenever  they  pass  from  one 
layer  to  another  of  different  density,  when,  after 
entering  the  atmosphere  on  one  side  they  leave 
it  on  the  other,  they  must  have  experienced  some 
similar  deflexion.    Imagme  a  special  ray  sa 
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which,  like  A  d,  a'  b',  pass  through  the  lowest 
strata  of  the  atmosphere,  and  continue  their 

A 


passing  through 
face  of  the  sun. 


the  atmosphere  near  the  sur 

  The  direction  of  this  ray  at  the 

point  A,  where  it  has  become,  so  to  spealc,  a  tan- 
gent to  the  surface,  is  not  the  same  as  it  had 
before  passing  into  the  atmosphere;  the  devia 
tion  that  it  has  experienced  up  to  the  point  A 
is  more  than  33°,  hi  average  circumstances. 
From  A,  till  it  leaves  the  atmosphere,  it  experi 
ences  another  deviation  equal  to  that,  and  in  the 
same  direction;  so  that  the  line  which  it  ulti- 
mately follows  makes  an  angle  of  more  than  one 
degree  with  the  primitive  direction.    This  total 
deviation  of  a  light  ray,  in  passing  through  the 
atmosphere,  is  the  smaller,  the  farther  the  ray  is 
from  the  surface  at  its  lowest  pomt,  and  may 
take  any  magnitude  inferior  to  that  just  given 
We  see,  then,  that  the  cone  of  the  umbra  wdl 
not  be  deprived  of  sun  rays,  through  its  whole 
extent.    They  are  denccted,  so  as  to  approach 
nearer  to  the  axis.    If  we  consider  those  rays 
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course,  we  shall  see  that  they  converge 
point  D,  much  nearer  the  earth  than  o  is. 
cone  B  D  B',  which  is  formed  by  these  rays, 
divides  bob'  into  two  parts— in  the  inner  of 
which  there  is  absolutely  no  light — whUe  the 
outer,  B  o  B'  D,  receives  the  light  refracted  through 
the  atmosphere  of  the  earth.    If  we  find  the 
distance  of  d  from  the  earth's  centre,  we  obtam 
for  it  42  radii  of  the  earth.    We  see,  then,  that 
the  moon  (at  60  radii  distance)  can  never  enter 
the  space  b  d  b',  which  is  completely  d&jk — 
the  moon,  at  the  time  of  total  eclipse,  is  withm 
the  partially  illuminated  space  bob' d.  That 
is  the  reason  why  she  never  loses  her  light  en- 
tirely, even  in  such  an  eclipse. — It  will  be  noticed 
that  this  faint  light,  which  the  moon  retams 
m  total  eclipses,  is  of  a  very  distinct  reddish 
colour.    Some  bright  points,  which  Herschel  had 
remarked  on  certain  parts  of  the  surface  of  the 
body,  during  eclipses,  had  induced  him  even  to 
fancy  that  there  were  volcanoes  existing  in  a  state 
of  activity;  but  the  whole  effect  is  due  to  the 
influence  on  the  transmitted  light  of  the  beds  of 
air  through  which  it  has  passed.    Air  stops  a 
certain  portion  of  light  passing  through  it,  and  _ 
reflects  it  in  every  dhection,  occasioning  a  dif- 
fused light ;  but  this  action  is  not  the  same  on  the 
different  rays  of  which  white  light  is  made  up. 
Those  at  the  violet  end  of  the  spectrum  are  stopped 
in  much  greater  numbers  than  those  at  the  red 
end;  which  occasions  the  blue  of  the  sky,  the 
rays  of  the  first  kind  predominatmg  in  diffused 
light :  it  also  produces  the  ruddy  colour  of  the 
illumined  clouds  at  sunset,  because  the  light 
which  reaches  them  having  traversed  a  great 
thickness  of  the  atmosphere,  contains  a  larger 
proportion  of  the  rays  of  the  second  kind  than 
white  light  does.    We  see,  then,  that  the  light 
which  reaches  the  moon's  surface,  during  her 
total  eclipses,  must  have  a  reddish  tint,  since  it 
does  not  reach  her  till  after  passing  through  a 
very  great  thickness  of  atmosphere.    This  red 
light,  when  strongly  reflected  by  some  peaks 
of  the  mountains  of  the  moon,  probably  occasions 
the  bright  points  which  Herschel  took  for  vol- 
canoes in  activity. 

(2.)  Prediction  of  Lunar  Eclipses. — As  these 
eclipses  are  due  solely  to  the  positions  of  the  sim 
and  moon  in  regard  to  one  another,  the  know- 
ledge of  the  laws  of  the  motions  of  these 
two  bodies  must  enable  us  to  predict,  not 
merely  the  periods  at  which  these  phenomena 
must  taka  place,  but  the  various  circumstances 
characterizing  them.  We  shall  show  how  this 
aim  may  be  attained.  The  ancients  did  not  know 
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the  laws  of  the  solar  and  lunar  motions  with 
anything  like  accuracy ;  but,  by  assistance  of  the 
period  of  18  years  and  11  days,  which  we  have 
mentioned   (see  Cyclks),   they  managed  to 
foretell  lunar  eclipses  with  tolerable  correctness. 
We  know  that,  if  the  moon  remained  in  the 
l)lane  of  the  ecliptic,  there  would  be  an  eclipse 
at  every  full  moon.     The  reason  that  lunar 
eclipses  are  much  less   frequent,   is  simply 
this,  that  the  moon,  if  on  one  side  of  the  ecliptic 
or  the  other,  when  in  opposition  to  the  sun, 
may  pass  above  or  beneath  the  cone  of  the 
earth's  shadow,  without  entering  it  at  all: 
there  is  an  eclipse  only  when,  at  the  time  of  op- 
position, the  moon  is  near  enough  the  ecliptic,  or, 
what  is  the  same  thing,  near  enough  one  of  the 
nodes  of  her  orbit.    If,  at  two  different  periods, 
the  moon,  being  then  in  opposition  to  the  sun,  be 
also  in  the  same  position  as  regards  her  nodes, 
there  cannot  be  an  eclipse  at  one  such  period 
unless  there  be  one  also  at  the  other.    Now,  if 
starting  from  any  observed  eclipse,  we  count  on, 
for  223  lunations,  we  find  ourselves  almost  at 
a  full  moon,  where  the  body  occupies  the  same 
place  with  respect  to  her  nodes  as  at  the  begin- 
nuig  of  that  time :  since,  during  it,  there  have 
been  19  synodical  revolutions  of  the  nodes,  we 
may  then,  after  these  223  lunations,  expect 
a  reciurence  of  eclipses  similar  to  that  which 
went  before.    "We  see,  in  this  way,  how  it 
was  sufficient  to  have  noticed  the  dates  and 
principal  phases  of  the  lunar  eclipses  for  the 
space  of  223  successive  lunations,  to  enable 
us  to  predict  the  return  of  those  eclipses  for 
an  indefinite  space  of  time. — If  223  lunations 
exactly  closed  the   19   synodical  revolutions 
of  the  nodes,  there  would  be  no  necessity  for  the 
use  of  any  other  methods  for  the  calculation 
of  lunar  eclipses.     But  the  equality  of  the 
two  periods  which  is  assumed, — is  merely  ap- 
proximate.   So  that,  if  we  may  certainly  fore- 
tell, by  the  help  of  this  period,  that  an  eclipse 
will  happen  at  such  and  such  an  epoch,  we  can- 
not very  distinctly  indicate  its  time  of  duration 
or  its  character ;  as  it  differs  in  reality  a  little  from 
the  one  before,  with  which,  were  the  period  exact, 
it  would  have  been  identical.    It  might  even 
happen  that  a  very  partial  eclipse  should  not 
reproduce  itself  at  all  at  the  end  of  18  years  and 
11  days;  or  that  a  partial  eclipse  might  come, 
-in  18  years  and  11  days,  when  nothing  of  the 
sort  had  been  observed  before.    The  use  of  this 
period,  therefore — the  single  means  employed  by 
the  ancients  for  the  calculation  of  eclipses — is  not 
satisfactory,  now  that  astronomical  theories  ad- 
mit of  an  exactitude  so  incomparably  greater. 
The  laws  of  the  movements  of  the  stars,  as 
science  has  exhibited  them  up  to  this  date,  have 
been  exhibited  by  astronomers  in  tables,  by 
means  of  which  it  is  possible  to  indicate  before- 
hand the  position  which  a  star  must  occupy  in 
the  sky  at  any  given  time.    It  is  on  the  data, 
supplied  by  the  solar  and  lunar  tables,  that  we 
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found,  in  making  predictions  of  the  lunar  eclip- 
ses. But  these  data  are  to  be  obtained  elsewhere 
than  in  such  tables  tliemselves.  The  Nautical 
Almanac  is  published  by  order  of  the  Admi- 
ralty, several  years  in  advance ;  and  contains  all 
the  indications  relative  to  the  jjositions  of  the 
sun  and  moon  in  the  sky,  for  every  day ;  and  it 
is  by  means  of  these  that  we  obtain  whatever 
is  needful  for  the  determination  of  the  differ- 
ent circumstances  of  eclipses — To  understand 
the  process  of  calculation  for  an  eclipse  of 
the  moon,  we  must  conceive  that  the  radius  of 
the  celestial  sphere  has  been  selected  so  that  its 
surface  passes  through  the  centre  of  the  moon ; 
this  sphere,  the  centre  of  which  must  be  supposed 
placed  at  the  centre  of  the  earth,  will  cut  the 
moon,  with  a  circular  section,  and  the  cone  of  the 
umbra  of  the  earth  with  another ;  and,  by  study- 
ing the  relative  positions  of  these  two  circles,  we 
come  to  vmderstand  the  whole  circumstances  of 
lunar  eclipses.  The  centre  of  the  circle  of  the 
umbra  is  always  diametrically  opposite  to  the 
centre  of  the  sun ;  and  so,  always  on  the  ecliptic, 
changing  its  position,  with  the  same  velocity 
as  the  centre  of  the  sun  himself  does,  but  in  the 
opposite  direction.  The  circular  section  of  the 
moon,  again,  also  moves,  so  that  its  centre  re- 
mains always  on  the  moveable  orbit  already 
mentioned.  As  long  as  these  two  circles  remain 
entirely  beyond  one  another,  there  is  no  eclipse ; 
when  they  cut  there  is  an  eclipse ;  total,  if  the 
circle  of  the  moon  be  entirely  within  that  of  the 
umbra. — In  order  to  compare  the  successive  rela- 
tive positions  of  these  circles,  we  must  know  their 
magnitudes. — We  already  know  that  the  moon's 
diameter  (average)  is  81'  25""7,  its  value  for  any 
day  in  the  year,  which  varies  always  between 
29'  22"  and  33'  28",  is  given  by  the  Almanac, 
at  mid-day  and  midnight,  and  we  may,  by  means 
of  these,  correct  it  for  any  given  hour.  As  for  the 
circle  of  the  umbra,  it  is  easy  to  see  how  we  may 
calculate  its  magnitude.    Let  m  n  be  the  surface 


A 

— -  -  -  ' 

Fig.  6. 

of  the  celestial  sphere  which  we  suppose  passing 
through  the  moon's  centre ;  this  surface  cuts  the 
cone  of  the  earth's  umbra,  in  the  circle  m  m',  and 
the  angle  m  t  m'  is  tlie  apparent  diameter,  which 
we  desire  to  determine.  Its  half,  m  t  o,  is  equal  to 
BMT,  which  is  the  moon's  parallax  (since  mt 
is  the  moon's  distance  from  the  earth),  less  by 
the  angle  m  o  t  ;  but  the  angle  Ji  o  t,  is  itself  equal 
to  A  T  s  (semi-diameter  of  the  sun),  less  by  u  at 
(the  sun's  parallax)  ;  in  order,  then,  to  have  the 
apparent  semi-diameter  of  the  circle  of  the  umbra 
M  M',  we  must  add  the  sun's  parallax  and  the 
moon's  parallax  together,  and  subtract  the  sun's 
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apparent  semi-diameter.  This  circle  of  the  dia- 
meter is  found  thus  to  vary  in  diameter  between  1° 
15'  32"  and  1°  31'  3G" its  value,  at  any  time, 
may  be  found  by  means  of  the  Nautical  Almanac, 
which  furnishes  these  supplementary  data.  "We 
add,  however,  that  in  consequence  of  the 
presence  of  the  atmosphere,  tlie  earth's  umbra 
appears  to  have  a  diameter  a  little  larger  than 
that  thus  obtained.  Mayer  has  found  that,  in 
order  to  make  the  predictions  of  eclipses  agree 
with  our  observations,  we  must  suppose  the  dia- 
meter of  the  umbra  increased  by  a  sixtieth  of 
its  value,  and  astronomers  usually  conform  to  this 
rule. 


Let  AB  be  the  great  circle  of  the  ecliptic,  and 
CD  be  the  orbit  of  the  moon,  n  will  be  one  of 
the  nodes  of  this  orbit.  The  umbra  o,  moves 
along  the  first  circle  with  the  same  speed  as  the 
sun  moves,  and  the  moon  l,  along  the  second 
with  a  velocity  1 3  times  as  great.  In  order  that — 
in  this  common  movement — the  moon  l  may  meet 
the  umbra  o,  it  is  necessary  that,  at  the  moment 
of  the  moon's  opposition,  the  centre  of  the  umbra 
be  sufficiently  near  the  node  n.  Remembering 
that  the  apparent  diameter  of  the  moon  and  the 
umbra  vary  from  time  to  time,  and  that  the  dis- 
tance of  the  centre  of  the  umbra  from  the  node  n 
is  exactly  equal  to  the  distance  of  the  sun's  centre 
from  the"  moon's  other  node,  we  find  that,  1st,  if, 
at  the  epoch  of  a  full  moon,  the  distance  of  the 
sun's  centre  from  the  nearest  node  be  greater  than 
12°  3',  there  cannot  be  an  eclipse ;  2d,  if,  at  such 
a  time,  the  distance  of  the  sun's  centre  from  one 
of  the  nodes  be  smaller  than  9°  31',  there  will 
certainlv  be  an  eclipse;  3d,  lastly,  if  the  distance 
of  the  sun  from  one  of  the  nodes  be  between  these 
two  values,  the  eclipse  is  doubtful,  and  a  detailed 
calculation  of  the  circumstances  will  be  required 
to  determine  whether  it  takes  place  or  not.— Let 
us  see  now,  how  the  calculation  of  the  different  cir- 
cumstances of  an  eclipse,  and  of  the  precise  periods 
at  which  its  phases  will  appear,  is  actually  made. 
The  best  thing  we  can  do,  in  that  way,  is 
to  give  an  example  of  this  sort  of  calculation. 
—Take  the  eclipse  of  13th  and  14th  November, 
1845,  at  Paris.  According  to  the  Fre?ich  Nau- 
tical Almanac  (the  Conmissajice  des  Temps),  on 
the  13th  November,  at  noon  (Fans  time),  the 
sun's  longitude  exceeds  the  moons  by  18b 
7"-l ;  on  the  14th,  also,  at  mean  noon,  the  sun  s 
longitude  is  greater  than  the  moon's  only  by 
174°  45'  8"-6.  In  the  interval  there  must  have 
been  a  time  at  which  the  difference  of  the  two 
was  exactly  180° ;  and  it  is  readily  found  that 
this  moment,  at  which  the  moon  is  in  oppo- 
sition, is  on  the  14th  November,  at  Ih.  4m.  20s-9 
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in  the  morning.  The  Almanac  tells  us  that  at 
that  time  the  sun's  longitude  exceeds  that  of  one 
of  the  moon's  nodes  by  about  5^  degrees.  We 
are  certain,  then,  that  the  moon  will  penetrate 
into  the  umbra  of  the  earth,  that  is,  that  there 
will  be  an  eclipse.  We  find  also  in  the  Almanac 
that,  at  1^'e  moment  of  opposition, 

Tli^'Moon's  parallax  is  about....  55°  39"-6 

Tlie  Suii's  parallax  is  about   8"7 

The  apparent  semi-diameter  of  tlie 

Moon's  about   1G°  10"-1 

The  apparent  semi-diameter  of  the 

Sun   ,   10°  12"-8 

We  infer  from  this  that  the  semi-diameter  of 
the  umbra  is  about  39°  36',  or  237G",  so  that, 
mcreasing  it  by  one-sixtieth  of  its  value,  for 
the  reason  above  indicated,  it  becomes  equal 
to  2415"-6. — We  find  again,  by  the  Almanac, 
that,  1st,  on  the  14th  November,  at  Oh.  30m.  in 
the  morning,  the  excess  of  the  sun's  longitude 
over  the  moon  is  about  180°  IC  33"-7,  and  the 
moon's  latitude  is  about  0°  25'  57"-6  A;  2d,  the 
same  day,  at  Ih.  30m.  in  the  morning,  the  ex- 
cess of  the  sun's  longitude  over  the  moon's  is 
about  179°  47'  37"'7,  and  the  moon's  latitude 
about  0°  28'  51"-5  A. — By  help  of  all  these  data 
we  may  study  the  whole  circumstances  of  the 
eclipse  in  the  following  way.  Consider  the  por- 
tion of  the  celestial  sphere  on  which  the  moon 
and  the  earth's  shadow  are  found,  during  the 
whole  duration  of  the  eclipse,  as  a  plane — a  hj^jo- 
thesis  which  may  be  made  without  appreciable 
error.  Suppose,  besides,  that  the  earth's  shadow 
is  immovable,  and  that  the  moon  does  not  move, 
except  in  virtue  of  the  movement  which  it  has 
relatively  to  this  shadow.  We  may  represent  the 
shadow  of  the  earth  by  the  circle  abcd  (in  the 
next  figure),  by  choosmg  the  radius  oa  of  this 
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circle,  so  that  it  may  correspond  to  the  value  of 
the  semi-diameter  of  the  shadow  (2415"-G)  after 
the  scale  Avhich  we  have  adopted  in  the  fig;ure. 
The  straight  line  E  E',  passing  through  tlie  centre 
o,  of  this  circle  will  represent  a  portion  of  the 
ecliptic.  At  Oh.  30m.  in  the  morning,  the  sun's 
longitude  exceeds  that  of  the  moon  by  180°  16' 
33"-7;  the  longitude  of  the  centre  o,  of  the 
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shadow,  exceeds  that  of  the  moon's  by  IC  33"-7, 
or  993"-71.    If  we  suppose  longitudes  to  be 
reckoned  from  right  to  left  in  the  figure,  and 
take  o  F  equal  to  993"-7,  according  to  the  scale— 
the  point  f  will  be  the  foot  of  the  centre  of  the 
moon's  latitude  for  the  moment.    Raise  at  f,  a 
perpendicular  on  the  ecliptic  is  e',  then  take  on 
this  perpendicular  a  length  f  g  equal  to  25'  57"-6, 
or  1557"*6,  which  is  the  coiresponding  latitude 
of  the  moon,  and  we  have  at  g  the  position  of 
the  moon's  centre  at  Oh.  30m.  in  the  morning. — 
Take  similarly  on  equal  to  12'  22"-3,  or  742"-3, 
which  is  the  excess  of  the  moon's  longitude  over 
that  of  o,  the  centre  of  the  shadow,  at  Ih.  30m. 
in  the  morning;  then,  on  the  perpendicular  to 
the  ecliptic  drawn  through  the  point  h,  take  a 
length  HK  equal  to  the  corresponding  latitude  of 
the  moon,  whose  value  is  about  28'  5l"*5,  or 
1721"-5,  the  point  k  will  be  the  position  of  the 
moon's  centre  at  Ih.  30m.  in  the  morning.  "We 
may,  without  sensible  en-or,  consider  the  move- 
ment of  the  moon,  In  relation  to  the  shadow,  as 
rectilinear  and  imiform,  during  the  whole  dura- 
tion of  the  eclipse.    So  that,  if  we  draw  a  straight 
line  MM'  through  the  points 'G,  k,  this  line  will 
be  the  path  over  which  the  centre  of  the  moon 
moves,  in  relation  to  the  circle  of  the  umbra 
A  B  c  D.    The  point  n  where  the  line  m  m'  is 
met  by  the  perpendicular  to  the  ecliptic  drawn 
through  the  point  o,  is  nothing  eke  but  the  position 
which  the  moon  takes  at  the  moment  of  opposi- 
tion, that  is,  on  the  14th  Nov.,  at  Ih.  4m.  20s-9 
in  the  morning. — Describe  a  circumference  from 
O  as  centre,  and  with  a  radius  equal  to  the  sum 
of  the  radii  of  the  moon  and  of  the  umbra,  that 
is  equal  to  3325"'7  ;  this  circumference  will  cut 
M  M',  the  relative  orbit  of  the  moon's  centre,  in 
two  points  h,  L'.    It  is  very  evident,  according 
to  the  way  in  which  these  two  points  have  been 
obtained,  that  if  a  circle  be  described  from  either 
of  them  as  centre  with  the  radius  of  the  moon, 
which  is  910"-1,  as  radius,  these  two  circles  will 
touch  the  centre  of  the  circle  of  the  shadow  ab  cd, 
and  will  represent,  consequently,  the  two  posi- 
tions of  the  moon  relative  to  the  beginning  or 
ending  of  the  eclipse.    If,  further  we  drop  from 
o,  a  perpendicular  on  mm',  the  foot,  p  of  this 
perpendicular  will  be  the  position  of  the  moon's 
centre  at  the  middle  of  the  eclipse.    The  moon 
takes  an  hour  in  passing  from  g  to  k.  According 
to  the  proportion  between  the  two  lines  n  p  and 
G  K,  the  length  of  which  may  be  measured  on 
the  figure,  we  find  that  the  moon  should  take 
5m.  40s-8  to  pass  over  the  distance  n  p ;  it  is 
then  5m.  40s-8  before  tlie  opposition,  that  is  at 
Oh.  58m.  40s-l  in  the  morning,  when  the  middle 
of  the  eclipse  takes  place.    Similarly  we  find 
that  the  moon  should  take  Ih.  39m.  19s-4  to  pass 
over  either  of  the  two  distances  l  p  or  p  l';  it  will, 
therefore,  be  atllh.  19m.  20s-7  on  the  evening  of 
the  13th  November,  that  the  eclipse  will  begin ; 
and  on  the  14th,  at  2h.  37m.  59s-5  in  the  morn- 
ing, that  it  will  conclude,— Describing  a  circle 
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from  the  point  p,  as  centre,  with  the  moon's 
radius,  as  radius,  we  immediately  see  whether  the 
eclipse  is  total  or  partial.  Here  we  see  it  to  be 
partial,  because  at  the  moment  when  the  moon's 
centre  is  nearest  the  centre  of  the  shadow,  a  part 
of  its  disc  remains  outside  of  the  circb  of  the 
shadow.  If  we  draw  the  diameter,  Q  s,  towards 
the  point  o,  and  take  the  proportion  between  the 
portion  es  of  this  diameter,  which  is  in  the 
umbra,  and  the  diameter  itself,  this  proportion  is 
what  is  called  the  magnitude  of  the  eclipse.  In 
the  particular  case  above,  the  magnitude  is  0'92. 
It  is  usually  expressed  in  dir/its.  We  conceive 
the  diameter  q  s  to  be  divided  into  12  equal  parts 
or  digits,  and  state  how  many  of  these  k  s  con- 
tains. The  fraction  0-92,  being  almost  equal  to 
If,  we  say  that  the  magnitude  of  the  eclipse  of 
the  13th  and  14th  November,  1845,  is  11  digits. 
If  the  diameter  q  s,  were  entirely  within  the 
circle  of  the  shadow,  in  which  case  the  eclipse 
would  be  total,  we  should  determine  the  begin- 
ning and  end  of  the  total  eclipse  by  seeking  the 
positions  of  the  moon,  at  which  its  disc,  is  a  tan- 
gent interiorly,  to  the  circle  of  the  shadow.  This 
will  be  as  easy  as  the  search  after  L  i.',  where 
the  disc  of  the  moon  and  the  umbral  circle  touch 
externally. — Throughout  the  foregoing,  we  have 
been  supposing  that  it  was  graphically,  by  mea- 
suring certain  lengths,  on  the  figure,  that  the  de- 
termination of  the  different  circumstances  of  the 
eclipse  is  effected.  It  will  be  readily  understood 
that  corresponding  processes  of  calculation  may 
take  the  place  of  those  rather  inexact  methods, 
and  that  thus  a  much  higher  accuracy  may  be  at- 
tained. This  is  what  is  actually  done. — To 
complete  our  sketch  of  aU  that  relates  to  the 
particular  eclipse  selected,  it  only  remains  to 
indicate  at  what  places  of  the  earth  this 
eclipse  would  be  visible.  Let  us  seek,  in  the 
first  place,  for  all  the  places  where  the  eclipse 
may  be  seen,  at  the  moment  of  its  maximum 
intensity.  We  have  found  that  the  middle  of 
the  eclipse  happens  on  the  14th  November,  at 
Oh.  58m.  40s.  of  mean  Paris  time.  Taking  the 
equation  of  time,  which,  at  this  date  (Almanac), 
is  15m.  27s.,  we  see  that  it  is  at  Ih.  14m.  7s.  of 
true  time  that  this  occurs.  Consider  the  point 
of  the  earth  for  which  the  moon  is  at  that  moment 
at  the  zenith,  it  will  be  readily  recognized  that  it 
is  midnight  there,  and  that,  consequently,  its 
longitude  west  of  the  meridian  of  Paris  is  18°  31' 
45".  As  for  the  latitude  at  this  point,  it  is  equal 
to  the  declination  of  the  moon's  centre,  at  the 
same  instant — a  declination  which,  according  to 
the  Almanac,  is  17°  42'  17"  b.  Hence,  we  have 
merely  to  conceive  the  earth  to  be  divided  into 
two  hemispheres,  by  a  plane  drawn  perpendicular 
to  the  radius  which  ends  at  the  point  whose  lon- 
gitude is  18°  31'  45"  o,  and  whose  latitude 
is  17°  42'  17"  b;  the  middle  of  the  eclipse 
will  be  visible  for  all  the  points  of  the  earth 
situate  in  one  of  these  hemispheres,  and  invisible 
for  all  of  them  which  are  situate  in  the  other. 
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What  we  have  just  done  as  to  the  middle  of  the 
eclipse,  might  be  repeated  for  its  beginning  and  its 
end;  and  we  should  thus  find  all  the  places  whence 
it  would  be  seen,  either  wholly  or  partially.  It  is 
easy  to  infer  that  the  places  from  which  an  eclipse 
may  be  seen  for  the  whole  or  a  part  of  its  dura- 
tion, extend  over  more  than  half  of  the  globe  

In  order  that  we  may  see  a  lunar  eclipse,  the 
moon  must  be  above  the  horizon,  as  well  as  the 
earth's  shadow,  or  at  least  a  part  of  it,  and  this 
can  only  take  place  when  the  sun  is  below  the 
horizon;  it  is  only  during  the  night,  therefore, 
that  eclipses  of  the  moon  can  be  seen.  There  are 
certain  circumstances,  however,  in  which  Ave  may 
see  an  eclipse  of  the  moon  for  a  few  seconds 
before  sunset  or  after  sunrise.  If,  for  instance, 
we  stand  at  such  a  point  as  a  at  the  moment 
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the  earth's  surface,  the  moon  entirely  covers  the 
sun ;  there  is,  then,  a  total  eclipse.    But,  again, 


Fig.  11. 

the  smallest  value  of  the  length  o  l,  of  the 
cone  of  the  moon's  umbra  is  found  to  be  57*76 ; 
and  the  greatest  distance  of  the  moon's  centre 
from  that  of  the  earth  is  63-820;  when  we  have 
these  circumstances,  the  cone  of  the  moon's 
umbra  does  not  extend  to  tlie  earth.    In  this 


Fig.  9. 

when  an  eclipse  begins,  the  whole  sun  will  be 
below  the  horizon,  and  the  part  of  the  moon 
which  is  found  in  the  cone  of  the  shadow  will 
be  equally  so ;  but  atmospherical  refraction,  ele- 
vating the  bodies  above  the  horizon,  will  permit 
us  to  see  the  sun  and  the  eclipsed  part  of  the 
moon  at  once. 

(8.)  Eclipses  of  the  Sun — We  have  said  that 
eclipses  of  the  sun  are  due  to  the  interposition  of 
the  moon  between  the  sun  and  the  earth.  It  is 
evident  that,  when  this  circumstance  occurs,  the 
moon  must  cut  away  from  sight  a  greater  or 
less  portion  of  the  sun.  Let  us  first  attempt  to 
see  whether  the  moon  can  at  any  time  completely 
cover  the  sun  ? — Following  a  course  completely 
similar  to  what  we  have  pursued  in  the  case  of 
lunar  eclipses,  we  may  find  the  length  of  the  cone 
of  the  shadow  which  the  moon  projects  from  the 
side  opposed  to  the  sun.  Compare  this  length 
o  L,  then,  calculated  when  the  moon,  l,  is  ex- 
actly between  the  sun  8,  and  the  earth  t,  with 


Fig.  10. 


the  centre  of  the 
The  radius  of  the 
the  smallest  value 


the  distance  l  t,  between 
earth  and  that  of  the  moon, 
earth  being  taken  as  unity, 
of  the  distance  lt  is  equal  to  55-947;  besides, 
the  greatest  value  of  the  distance  ol,  of  the 
summit  of  the  cone  of  the  umbra  from  the  centre 
of  the  moon  is  59-73  ;  therefore,  in  the  circum- 
stances to  which  those  values  of  lt  and  ol 
correspond,  the  umbra  of  the  moon  extends  to 
the  earth  and  bevond  it.    For  every  pomt  that 
la  completelv  included  within  the  portion  A  B  of 
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case,  there  is  no  total  eclipse  for  any  point 
of  the  earth's  surface;  from  all  points  of  the 
hemisphere  from  which  the  sun  can  be  seen, 
a  portion,  if  not  the  whole  of  his  disc  will  be  seen. 
One  thing  is  worthy  of  note,  viz.,  if  the  cone 
of  the  moon's  umbra  be  prolonged  out  beyond 
its  apex,  o  (last  fig-),  the  second  cone  will 
intercept  within  it  a  small  portion,  c  d,  of  the 
earth's  surface,  over  all  of  which  there  will  be  an 
annular  eclipse;  from  every  point  of  it  the  moon 
will  appear  projected  as  a  black  disc  on  the 
middle  of  the  sun's  disc,  and  the  portion  of  it 
which  stands  out,  will  form  a  luminous  ring  all 
round  this  black  circle.  Thus,  when  the  moon 
places  itself  between  the  earth  and  the  sun,  there 
will  be  a  total  or  annular  eclipse,  for  certain 
points  on  the  earth's  surface,  accordmg  as  their 
distances  from  the  earth  vary — Other  considera- 
tions would  lead  us  to  the  same  conclusions.  If, 
at  the  moment  when  the  moon  is  passmg  before 
the  sun,  her  apparent  diameter  is  greater  than  his, 
she  will  be  able  to  cover  hun  altogether,  and  there 
will  be  a  total  eclipse: 
but,  it  is  easy  to  see  that 
this  may  take  place,  since 
the  greatest  value  of  the 
moon's  apparent  diameter 
from  the  surface  of  the 
earth  is  34'-6",  and  the 
smallest  value  of  the  sun's 
apparent  diameter  only 
31'-31".  If,  again,  the 
sun's  apparent  diameter 
be  the  greater,  the  moon 

cannot  cover  his  Avhole  disc,  so  that  there  will 
be  an  annular  eclipse;  which  again  may  occnr, 
seeing  that  the  least  apparent  diameter  of  the 
moon  is  29'-22",  and  the  greatest  of  the  sun  is 
32'-36"-6.  In  the  latter  case,  at  the  point  where 
the  centi-es  of  the  two  bodies  seem  just  to  coin- 
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Fig.  14. 
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cidc,  the  sun's  disc  will  appear  as  in  the  figure. 
At  the  same  time  when  the  eclipse  is  total  or 
annular  at  some  points  of  the  earth,  it  will  be 
partial  at  a  great  many  other  points.  Conceive, 
round  the  sun  and  the  moon,  a  cone  like  that 
which  we  have  used  to  find  the  penumbra  in 
lunar  eclipses.  It  will  be  easily  seen  that  for 
every  point  of  the  earth  within  this  cone  c  o'  c' 
(fig.  10),  not  included  within  the  cone  of  the 

lunbra  bob'  or  its 
prolongation,  there 
should  be  a  partial 
eclipse  of  the  sun; 
from  such  a  point, 
we  should  see  the 
moon  project  itself 
on  a  portion  of  the 
sun's  disc,  producing 
a  circular  indenta- 
tion (fig.  14),  and 
the  part  covered  by 
the  moon  should  be 
greater  the  farther  the  point  of  obsen-ation  is 
from  the  siuface  of  the  cone  c  o'  c'  and  the  nearer 
to  bob'  (fig.  1 0).    The  transversal  dimensions 
of  c  o'  C,  in  the  neighbourhood  of  the  earth 
are  not  so  great  that  the  globe  of  the  earth 
can  be  entirely  contained  within  it.    To  im- 
derstand  this,  simply  notice,  that  because  of 
the  littleness  of  the  moon  in  proportion  to  the 
sun,  which  makes  the  distances  o  l,  o'  l  ap- 
pear very  small  in  proportion  to  the  distance 
I.  s,  and  sensibly  equal,  one  to  the  other,  the 
angles  bob',  b  o'  b',  are  almost  of  the  same 
size.    Notice  besides,  that  the  mean  length  o  l 
of  the  cone  of  the  moon's  shadow  being  almost 
equal  to  l  t,  the  moon's  distance  from  the  earth, 
the  angle  b  o  b'  is  not  very  much  different  from 
the  apparent  diameter  of  the  moon,  so  that  we 
may  consider  b  o'  b'  as  equal  to  it.    Now,  since 
o't  is  sensibly  double  of  o'l,  the  transversal 
dimensions  of  the  cone  c  o'  c',  near  the  earth  t, 
should  be  double  what  they  are  near  the  moon  l  : 
the  earth's  diameter  would  have  then  to  be  only 
double  of  that  of  the  moon,  in  order  that  the 
globe  should  be  contained  within  the  cone  c  o'  C, 
touching  it  round  its  whole  outline    Now  we 
<aow  that  it  is  nearly  four  times  as  large  as  it, 
so  that  this  cone  can  include  only  a  portion  of 
the  visible  hemisphere  of  the  earth.  Hence,  when 
there  is  an  eclipse  of  the  sun  at  some  places, 
there  are  others  where  there  is  none,  but  where 
the  whole  disc  can  be  seen  with  no  appearance 
of  eclipse. — The  moon  moves  through  the  sky, 
about  30  times  as  rapidly  as  the  sim.  Hence, 
she  alternately  approaches  and  recedes  from  him, 
and  at  certain  times  passes  before  his  disc  so 
as  to  produce  eclipses.    Keflecting  on  this,  we 
readdy  find  the  various  phenomena  which  should 
distinguish  an  eclipse,  to  an  observer  on  the 
earth.    They  are  perfectly  analogous  to  those 
in  the  case  of  lunar  eclipses.    The  eclipse  be- 
guis  when  the  moon's  disc  just  touches  that  of 
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the  sun's.  Then  the  moon  slowly  encroaches. 
If  her  centre  does  not  pass  so  near  the  sun's 
centre,  that  the  distance  of  the  two  points  be- 
comes less  than  the  difi'erence  of  the  apparent 
radii,  the  eclipse  will  be  partial.  When  that 
distance  is  the  least  possible,  the  eclipse  is 
deepest.  Then  the  moon  moving  on,  leaves 
more  and  more  of  the  sun's  surface  uncovered ; 
at  length  the  two  discs  are  just  separating  and 
the  eclipse  ends.  If  the  distance  of  the  two 
centres  diminishes  below  the  limit  indicated, 
the  eclipse  will  be  total  or  annular;  total,  if 
the  moon's  apparent  diameter,  seen  from  the 
place  where  it  is  observed,  be  gi-eater  than  the 
sun's;  annular,  if  the  opposite.  In  either  case 
the  moon  goes  on  to  cover  a  constantly  increas- 
ing portion  of  the  sim's  surface.  The  total  or 
annular  eclipse  begins  at  the  moment  when  the 
distance  of  the  centres  of  the  two  discs  becomes 
equal  to  the  difference  of  their  apparent  radii, 
which  makes  the  circumferences  of  the  discs 
touch  internally.  After  some  time,  as  the  dis- 
tance of  the  centres  becomes  again  equal  to  and 
gi-eater  than  the  difference  of  radii,  the  eclipse 
becomes  partial  only.  Calculation  shows  that 
4h.  29m.  44s.  is  the  longest  possible  duration 
of  an  eclipse  at  a  place  on  the  equator  3h. 
26m.  32s.,  under  the  parallel  at  Paris.  We 
understand,  besides,  that  these  phenomena  may 
be  shorter  than  that,  by  any  amoimt.  If,  in 
place  of  examining  the  dillerent  phases  of  a 
solar  eclipse,  to  an  observer  at  one  special  place, 
we  try  to  understand  the  phenomena  which 
the  eclipse  will  present  everywhere,  we  shall 
discover  them  quite  as  readily.  We  must  con- 
ceive the  moon,  in  her  motion  round  the  earth,  to 
carry  with  her  the  imibral  and  penumbral  cones 
bob',  c  o'  c'  (fig.  10),  which  we  have  previously 
mentioned.  When,  in  consequence  of  this  move- 
ment, the  penumbral  cone  touches  the  earth 
(fig.  15),  the  eclipse  begins  at  the  point  of  con- 
tact. Almost  imme- 
diately, the  penumbral 
cone  proceeds — cover-  I  J 

ing  more  and  more  nf 
the  globe.  Soon,  the 
umbral  cone  touches 
the  surface,  and  at 
that  point  it  is  that 
we  begin  to  observe,  either  a  total  or  annular 
eclipse,  since  it  is  onljr  this  cone  or  its  prolonga- 
tion which  can  reach  the  earth.  These  two 
cones,  proceeding  together,  cover  successively 
different  portions  of  the  earth,  passing  from 
region  to  region.  At  the  end  of  any  time,  tlie 
cone  of  the  umbra — then  tliat  of  the  penumbra, 
again  touch  tlie  surface,  and,  the  instants  wlien 
they  do  so  close  the  total  or  annular  and  the 
partial  eclipses  respectively.  Sometimes,  in  our 
atmosi)here  there  are  small  isolated  clouds  whicli 
project  a  shadow  over  the  sun,  in  the  middle 
of  places,  all  the  rest  of  which  is  illuminated. 
These  being  generally  in  motion,  wc  can  see 
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the  shadow  move,  often  very  rapidl}'  over  the 
earth.  It  is  just  in  the  same  way,  that  the 
umbra  of  the  moon,  in  total  solar  eclipses,  changes 
its  position  on  the  earth,  moving  from  one 
edge  to  the  other  of  the  illuminated  hemisphere. 
Astronomers  usually  determine  the  general  cir- 
cumstances of  a  solar  eclipse  over  the  whole  of 


ECL 

the  world,  beforehand,  and,  to  show  these  results 
at  once,  they  make  a  chart  on  which  to  mark 
its  course.  The  next  figure  (fig.  16)  shows 
the  arrangement  of  such  charts; — it  represents 
the  annular  eclipse  on  the  1st  April,  1764.  The 
line  ABO  passes  through  all  points  where  the 
eclipse  has  begun  at  the  moment  of  sunrise,  and 


Fig.  IG. 


the  line  ado,  where  it  ends  at  that  time.  For 
all  points,  on  A  e  c,  the  sun  rose  at  the  middle  of 
the  eclipse.  Similarly,  the  lines  afg,  ahg, 
A  I  G,  contain  those  points  respectively  where 
sunset  happened  at  the  end,  the  beginning,  or  the 
middle  of  the  eclipse.  The  naiTow  strip  l  l',  is 
the  route  which  the  prolongation  of  the  moon's 
umbra  pursued.  We  see  that  it  passed  to  the 
north  of  the  Cape  Verd  Islands,  over  the  Cana- 
ries, and  to  the  south  of  Madeira ;  that  it  scarce 
touched  on  the  coast  of  Morocco,  and  then  passed 
through  Portugal,  Spain,  France,  the  Nether 
lands.  Denmark,  Sweden,  Lapland,  and  Nova 
Zembla.  The  eclipse  has  been  annular  at  Lisbon, 
Madrid,  and  Paris.  On  either  side  of  the  strip 
L  L',  there  has  only  been  a  partial  eclipse,  feebler 
and  feebler,  the  farther  the  points  of  observation 
are  from  L  ^J.  Over  all  points  of  the  line  bi  ji, 
the  eclipse  was  only  9  digits— over  the  line  N  N, 
7  digits.  Along  p  r  again,  9 ;  along  Q  Q,  G ;  along 


R  R,  3 ;  and  along  c  s  G,  the  edges  of  the  discs 
raerel)'-  touch,  but  there  is  no  eclipse.  Beyond 
CSG  there  has  been  no  eclipse,  although  the 
sun  has  been  above  the  horizon.    The  period 
of  18  years  and  11  days,  at  the  end  of  which 
the  moon  passes  througli  the  same  positions  in 
regard  to  the  sun  and  to  her  nodes,  is  as  use- 
ful in  solar  as  in  lunar  eclipses.    All  that  have 
been  observed  in  one  such  period,  are  reproduced 
in  the  succeeding  ones.     There  are  some  few 
changes,  however,  because  the  223  lunations 
are  not  exactly  equal  to  19  synodical  revolu- 
tions of  the  nodes.    Observation  shows,  that,  on 
an  average,  m  the  space  of  18  years  11  days, 
tliere  are  70  eclipses,  29  lunar  and  41  solar. 
There  are  never  more  than  7,  or  fewer  than  2,  in 
one  year ;  if  onlj'  two,  they  will  be  both  solar. 
It  is  easy  to  see  why  solar  eclipses  are  the  more 
frequent.    In  fact,  if  we  consider  the  cone  A  o  a' 
enveloping  the  sun  and  earth,  wo  know  that  the 
238 
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moon  must  enter  this  cone  at  c,  tbat  there  may 
be  a  lunar  edipse ;  but  we  see  that  it  must  pene- 
trate this  cone  at  d  tbat  there  may  be  a  solar 


Fig.  17, 


eclipse  for  some  places  of  the  earth;  now,  the 
transversal  dimensions  of  the  cone  being  greater 
at  D  than  at  c,  it  results,  of  necessity,  that  the 
moon  should  reach  its  surface  oftener  at  d  than 
at  c,  and  that  therefore  solar  eclipses  should  be  the 
more  frequent.  But  we  must  not  believe  that  in 
any  one  special  place  more  solar  than  lunar  eclipses 
can  be  seen.  A  lunar  eclipse  is  visible  over  more 
than  a  hemisphere,  a  solar  one,  only  in  part  of  a 
hemisphere,  sometimes  a  very  small  part.  This 
is  the  reason  why  there  are  more  lunar  than  solar 
eclipses  visible  at  one  place,  in  spite  of  the  greater 
frequency  of  the  occurrence  of  the  latter  over  the 
whole  earth.  We  may  understand  this  also,  by 
noticing  that  the  apparent  diameter  of  the  earth's 
umbra,  taken  at  the  distance  of  the  moon,  is 
much  greater  than  that  of  the  sun,  and  that,  con- 
sequently, it  must  oftener  happen  that  the  moon, 
observed  from  any  special  place  on  the  surface, 
should  touch  the  earth's  shadow,  than  the  sun's 
disc.  As  for  total  solar  eclipses,  they  are  extremely 
infrequent  in  any  one  place,  as  we  may  readily 
see  by  considering  how  small  is  the  shadow  which 
the  moon  projects  on  the  earth.  The  part  of  the 
earth  covered  successively  by  this  shadow  is  but 
a  very  slight  fraction  of  the  whole  space  from 
which  a  solar  eclipse  may  be  observed.  At  Paris, 
for  instance,  there  was  only  one  total  eclipse  of 
the  sun  in  the  18th  century,  that  of  1724 ;  and 
there  will  not  be  another  till  towards  the  end 
of  the  19th.  At  London,  for  575  years  not  one 
was  witnessed,  from  1140  to  1715;  and,  from 
1715,  no  such  eclipse  has  been  seen  again  there. 
Total  eclipses  of  the  sun  are  veiy  rare,  very 
remarkable,  and  therefore  vciy  startling  phen- 
omena. The  sudden  disappearance  of  the  great 
luminary,  the  source  of  our  light  and  heat, 
naturally  fiUs  those  who  do  not  know  why  it 
must  be,  with  alarm  and  dismay.    When  we 


know  that,  and  that  in  a  few  moments  the  sun 
wll  reappear,  our  terror  is  lessened,  but  yet, 
involuntarily,  when  the  darkness  begins,  we  are 
seized  with  a  vague  fear.  Whilst  the  sun  is 
entirely  hid,  there  appears  all  round  him  a 
certain  darkness  which  seems  very  intense,  be- 
cause it  comes  almost  instantaneously;  but 
which  is  yet  something  very  different  from 
the  darkness  of  night.  The  cone  of  the  moon's 
.shadow,  though  it  does  extend  to  a  certain 
distance  all  round  the  place  where  we  stand, 
cannot  enclose  the  whole  atmosphere  above  tlic 
horizon ;  it  leaves  round  it  a  considerable  mass 
ot  air,  which  receives  the  rays  of  the  sun 
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directly,  and  reflects  them  back  again,  into  the 
regions  of  the  earth  where  the  total  eclipse  is 
being  observed;  it  follows  that,  instead  of  a 
complete  darkness,  there  is  a  sort  of  twilight. 
The  brightest  stars  and  the  chief  planets  be- 
come visible.  The  temperature  of  the  air  sinks 
rapidly  some  degrees.  Animals  show  their  ter- 
ror, and  many  of  them  do  as  they  are  wont  at 
the  approach  of  night.  As  long  as  the  total 
eclipse  lasts,  we  see  round  the  sun  and  moon 
a  luminous  crown,  as  in  the  figure.  The  moon 
is  projected,  as  a  black  circle  in  the  midst  of 
this  crown.    It  has  been  asked  whether  this 


Fig.  IS. 


aureole  be  due  to  an  atmosphere  of  the  sun, 
which  his  brilliancy  would  not  let  us  see,  or 
whether  it  be  not  due  to  a  very  rare  lunar  atmo- 
sphere? To  resolve  the  question,  we  have  sought 
to  ascertain  whether  the  luminous  crown  follows 
the  moon  as  it  moves  over  the  sun,  during  the 
whole  time  of  eclipse,  or  if  it  remains  behind, 
preserving  its  position  relative  to  the  sun. 
Hitherto,  observation  has  given  no  certain  an- 
swer. Durmg  the  total  eclipse  of  8  th  -July,  1 842, 
visible  in  the  South  of  France,  when  astronomers 
were  about  to  note  this,  an  unforeseen  phenomenon 
arrested  their  attention.  Protuberances  of  a 
violet,  rose  colour  appeared  round  the  moon,  as 
seen  in  the  figure.  What  is  the  cause  of  these, 
for  they  have  been  observed  in  various  places  by 
various  observers?  We  cannot  tell.  Several 
ideas  have  been  started,  but  we  cannot  accept 
any  of  them  positively.  If,  for  instance,  they 
were  due  to  solar  mountains,  as  is  most  improb- 
able, the  height  of  those  mountnins  -vvnuld  be 
prodigious,  as  the  figure  will  enable  us  to  judge. 
Partial  eclipses  of  the  sun,  like  the  phases 
which  go  before  and  follow  the  total  or  anniUar 
eclipses,  do  not  produce  effects  b}'  any  means  so 
marked.  When  the  eclipse  is.  a  large  one,  the 
light  is  very  sensibly  diminished,  though  as 
long  as  any  portion  of  the  disc  is  uncovered,  it 
remains  very  considerable.  It  is  impossible,  in 
observing  partial  solar  eclipses,  to  look  at  the 
sun  directly;  we  must  do  so  through  coloured 
glass  or  glass  smoked  by  being  held  over  a  flame. 
If  wo  turn  to  his  disc,  during  such  an  eclipse, 
23y 
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a  plate  or  card  in  ■which  a  hole  13  bored,  and  set 
a  screen  behind  it,  or  set  it  before  a  wall,  we 
obtain,  on  the  principle  of  the  camera,  a  repre- 
sentation of  tlie  form  of  the  sun,  with  its  indenta- 
tion by  the  moon,  on  the  screen  or  wall.  This 
is  a  very  simple  way  of  observing  the  eclipse  in 
its  progress.  The  foliage  of  trees  often  allows 
some  rays  of  the  sun  to  pass  which  may  illu- 
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minate  some  parts  of  the  ground  in  the  middle 
of  the  shadow  of  the  foliage.  The  interstices 
then  do  just  what  the  card  or  plate  ^■nth  the 
hole  in  it  does ;  it  follows,  that  those  parts  of 
the  ground,  which  are  illuminated  through  them, 
take  a  form  depending  on  that  of  the  sun's  disc. 
Usually,  as  the  sun's  disc  is  circular,  and  the 


rars  fall  obliquelv  on  the  ground,  the  form  of 
these  illumined  parts  is  elliplical.  During  solar 
eclipses,  the  more  or  less  distinct  indentation  of 
the  disc,  is  exhibited  in  these  bright  spaces,  and 
tliey  take  the  form  of  ellipses,  indented  all  on 
the  same  side,  and  by  the  same  amount.  This 
is  very  distinct,  and  'it  is  very  difficult  to  help 
it,  being  struck,  even  if  it  has  been. anticipated 
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(4.)  Predtcllon  of  Solar  Eclipses. — The  period 
of  18  years  11  days,  which  served  the  old  astro- 
nomers for  lunar,  serves  also  for  solar  eclipses. 
But,  though  it  can  indicate  whether  or  not  there 
will  probably  be  an  eclipse,  it  does  not  at  all 
indicate  whether  that  eclipse  will  or  will  not 
be  ^^sible,  and,  if  so,  to  what  extent.  This 
difference  flows  from  the  different  nature  of  the 
two  phenomena.    A  lunar  eclipse  is  due  to  the 
actual  loss  by  the  moon  of  her  light,  and  is 
visible  wherever  she  is,  and  everywhere  in  the 
same  degree.     In  the  solar  eclipse,  the  sun 
loses  none  of  his ;  the  moon  prevents  obsen'ers 
from  seeing  part  or  the  whole  of  his  disc,  and 
that  portion  differs  with  their  position.    As  the 
period  mentioned  is  not  rigorously  accurate,  and 
as  the  rotation  of  the  earth  brings  different  points 
successively  within  the  moon's  shadow,  we  may 
see  how  the  eclipses  which  happen  at  one  place 
in  one  such  period  may  not  occur  at  the  same 
place,  in  the  next.    Thus,  the  ancients  were 
obliged,  with  their  imperfect  methods,  to  confine 
their  predictions  to  lunar  eclipses.  They  contmued 
unable  to  discover  any  law  among  the  complex 
phenomena  of  the  recurrences  of  solar  eclipses. 
But  we  can  now  predict  the  solar  as  well  as  the 
lunar.    In  this  case,  however,  the  calculations 
are  much  more  complex.    If  we  seek  to  predict 
the  character  of  the  eclipse  over  the  whole  hemi- 
sphere, the  complication  thus  mtroduced  is 
enormous,  even  for  one  place  it  is  very  con- 
siderable.   In  fact  the  parallaxes  of  the  sun  and 
moon  are  of  the  highest  importance  here,  since, 
if  we  were  at  the  earth's  centre,  we  should 
generally  see  the  two  stars  occupying  different 
portions  in  the  sky  i  and  since,  from  this  point, 
the  eclipse  might  appear  a  very  different  one  firom 
what  it  does  at  our  actual  position.    Now,  the 
parallax  in  altitude,  of  the  moon— which  enables 
us  to  pass  from  the  one  of  these  positions  to  the 
other — xnnes  considerably  at  the  different  hours 
of  the  day,  and  so  throughout  the  duration  of 
any  one  eclipse.   The  parallax  in  altitude,  at  the 
beginning  of  an  eclipse,  is  not^  in  short,  the 
same  as  at  the  end  of  it.    This  occasions  much 
more  numerous  calculations,  although  not  in 
any  way  more  difficult,  than  in  the  other  case. 
We  shall  give  no  example,  because  of  _its_  tedi- 
ousness.    It  is  enough  to  say,  that  it  is  by 
comparison  of  the  relative  positions  of  sun  and 
moon  in  the  sky,  at  successive  very  short  in- 
tervals (e.(j.  10  minutes),  that  we  detemiine  the 
various  dates  of  the  beguming,  middle,  and  end 
of  the  eclipse,  &c.    It  is  to  be  noted,  that  though 
we  have  to  consider  the  parallaxes,  we  have  not 
to  take  account  of  refraction.    In  fact,  the  effect 
of  it  will  be  nearly  the  same  upon  both  the  sun 
and  moon  at  the  time  of  the  eclipse.    Hence,  we 
may  calculate  the  times  when  the  sun  and  moon 
would  appear  together,  were  there  no  atmosphere, 
seeing  that  refraction  only  lifts  them  both  up  for 
some  little  distance  in  the  sky— not  changing 
their  relative  positions. 
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Srliplic.  The  circle  in  the  visible  heavens 
described  by  the  sun  in  his  annual  course.  Every- 
day he  seems  to  describe  a  complete  circular 
figure  in  the  sky,  returning  next  morning  to  the 
place  from  which  he  set  out.  But,  if  his  exact 
position  be  noted,  it  will  be  found  that  he  does 
not  so  return,  but  that  his  motion  is  in  a  line 
something  in  the  form  of  the  spiral  in  a  spring 
of  several  coils,  bringing  him  nearly  back  to  the 
same  place.  In  fact,  he  has  moved  some  dis- 
tance. If  he  remained  quite  stationary  relative 
to  the  axis  of  the  earth  for  a  whole  day,  the 
diurnal  revolution  would  give  him  a  complete 
apparent  circular  path.  It  does  not  so,  because 
his  position  has  changed  during  the  24  hours 
of  om:  rotation.  If  the  points  at  which  he  is 
successively  in  the  sky  be  noted,  a  complete 
circular  figure  called  the  ecliptic,  representing 
the  sun's  apparent  or  the  earth's  real  path  of 
annual  revolution,  will  be  draivn.  This  is  called 
the  ecliptic.  Celestial  longitude  and  latitude 
(q.v  )  are  unfortunately  measured  from  the  ecliptic 
and  its  pole,  as  terrestrial  longitude  and  latitude 
from  the  equator  and  its  pole.  This  want  of 
uniformity  tends  to  confusion.  The  better  known 
eu-cle,  the  equator,  is  usually  taken  as  a  sort  of 
circle  of  reference,  and  the  position  of  others  is 
given  by  means  of  it.  The  ecliptic  is  defined  in 
this  way,  as  a  circle  cutting  the  circle  of  the 
equator,  on  an  average  at  an  angle  of  about 
23°  27'  54".  This  value  is,  however,  not  per- 
manent. The  attempt  to  measure  it  was  first 
made  by  Eratosthenes,  about  270  B.C.  (at  least 
except  among  the  Eastern  nations;  Tcheou  Kong, 
the  regent  of  China,  measured  it  about  1100,  and 
his  result  is  only  about  2^  minutes  greater  than 
it  should  have  been);  and  he  made  it  23° 
51'  13".  It  was  found  by  various  astronomers, 
after  him,  to  be  23°  35';  23°  29' 47";  23°  29', 
&c.  The  constant  decrease  was  noticed.  It  was 
doubted  for  long  whether  the  obliquity  did  not 
remain  constant,  only  that  astronomical  eiTors 
of  observation  had  crept  in :  not  until  the  theory 
of  gravitation  was  established,  was  the  question 
finally  settled.  Euler  shows  that  it  is  decreasing, 
and  must  be  so  for  a  very  long  period.  The  for- 
mula was  subsequently  found  to  be  ^  =  23°  • 
27'  54"  •  8  —  0"  •  48S566  t  —  0"  •  000005  t^, 
where  i  is  the  obliquity  and  t  the  number  of 
years  counted  from  1800.  ThLs  formula  gives 
a  suflicientlj'  accurate  result  for  about  1200  years 
behind  or  before :  but,  after  that,  other  terms  of 
the  formula,  introducing  t',  require  to  be  taken 
into  account. — The  physical  cause  of  this  change 
in  the  obliquity  of  the  ecliptic  is  the  action  of 
the  other  planets,  especially  Jupiter,  Mars,  and 
Venus,  upon  the  mass  of  the  Earth.  The  varia- 
tion, however,  is,  like  most  variations  of  nature 
on  80  large  a  scale,  one  that  oscillates  within 
narrow  limits.  If  the  equator  and  ecliptic  came 
together,  we  should  have  no  seasons  whatever, 
and  the  whole  economy  of  our  world  would  be 
disturbed. 
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Eidoj^nph.  See  PANTOGRAPn. 
dnsiicity  is  the  property  which  bodies  pos- 
sess of  occupying,  and  tending  to  occupy,  por- 
tions of  space  of  determinate  volume,  or  deter- 
minate volume  and  figure,  at  given  pressures  and 
temperatures,  and  which,  in  a  homogeneous  body,' 
manifests  itself  equally  in  every  part  of  appre- 
ciable magnitude. 

2.  An  Elastic  Pressure  is  a  force  exerted  be- 
tween two  bodies  at  their  surface  of  contact,  or 
between  two  parts  into  which  a  body  either  is 
divided  or  is  capable  of  being  divided  at  the  sur- 
face of  actual  or  ideal  separation  between  those 
parts.  The  magnitude  of  an  elastic  pressure  is 
stated  in  tmits  of  weight  per  unit  of  area  of  the 
surface  at  which  it  acts. 

Values  of  various  units  of  Elastic  Pressure  in  pounds 
avoirdupois  per  square  foot. 

One  ponnd  per  square  inch   144 

One  inch  in  heiglit  of  a  mercurial  column,  at 

the  temperature  of  melting  ice.    7073 

One  atmosphere  of  29-922  inches  of  mercury,  211G  4 

3.  The  elasticity  of  a  perfect  fluid  is  such  that 
its  parts  resist  change  of  volume  only,  and  not 
change  of  figure;  whence  it  follows,  that  the 
pressure  exerted  by  a  perfectly  fluid  mass  is 
wholly  perpendicular  to  its  surface  at  every 
point :  principles  which  form  the  basis  of 
hydrostatics  and  hydrodjTiamics.  —  Fluids  are 
either  gaseous  or  liquid.  A  Gaseous  Fluid 
(popularly  called  an  "Elastic  Fluid")  is  one 
whose  parts  (so  far  as  is  linown  by  experiment) 
exert  a  pressure  against  each  other  and  against 
the  vessel  containing  them,  how  great  soever  the 
volume  to  which  they  are  expanded.  See  Heat — 
Mechanical  Action  of,  sec.  9,  10,  11,  35 ; 
also  Barometer,  Vapour  and  Sound. 

4.  The  elasticity  of  a  Perfect  Liquid  resists 
change  of  volume  only,  and  differs  from  that  of  a 
gaseous  fluid  chiefly  in  this :  that  the  greatest 
variations  of  the  pressure  whicb  it  is  possible  to 
apply  to  a  liquid  mass  produce  very  small  varia- 
tions of  its  volume. 

5.  The  Compression  undergone  by  a  liquid 
mass  in  consequence  of  the  application  of  a  given 
pressure  over  its  surface,  is  measured  by  the  ratio 
of  the  diminution  of  volume  produced  by  the 
given  pressure  to  the  entire  volume  of  the  mass  : 

a  ratio  which  is  always  a  very  small  fraction  

The  Compressihilitij  of  a  given  liquid  is  the  com- 
pression produced  by  a  unit  of  elastic  pressure; 
in  other  words,  the  ratio  of  a  compression  to  the 
pressure  producing  it. — The  Modulus  or  Coeffi- 
cient of  Elasticity  of  a  liquid  is  the  ratio  of  a  pres- 
sure applied  to  and  exerted  by  the  liquid,  to  the 
accompanying  compression,  and  is  therefore  the 
reciprocal  of  the  compressibility. — The  compres- 
sibility of  a  liquid  is  ascertained  by  means  of 
an  instrument  called  a  Piezometer  (7. v.) — The 
following  empirical  formula  for  the  compressi- 
bility of  pure  water  at  any  temperature  between 
32°  and  128°  Fahrenheit  has  been  deduced  by 
Mr.  Eankine  from  the  experiments  of  M.  Grassi 
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(Comptes  Rendus,  XIX. ;  Philos.  Mag.  June  1851). 
— Compressibility  per  Atmosphere, 

^  1  

~  40  (t  +  461°)  .  D 

T,  temperature  in  degrees  of  Fahrenheit,  d,  den- 
sity of  water  at  that  temperature  under  one 
atmospliere,  the  maximum  density  of  water  un- 
der the  pressure  of  one  atmosphere  being  talten 
as  unity.  At  the  temperature  of  maximum 
density,  39°  Fahr.,  the  compressibility  of  water 
per  atmosphere  is  0-00005,  and  its  modulus  of 
elasticity,  20,000  atmospheres. 

Compressibilities  of  some  Liquids,  per  Atmosphere, 
from  M.  Orassi's  experiments. 

Saturated  aqueous  solution  of  nitrate 
of  potash   0  000030G565 

Saturated  aqueous  solution  of  carbon- 
ate ofpotasli   0-00003n3294 

Artificial  sea  water   0  000U445029 

Saturated  aqueous  solution  of  chlo- 
ride of  calcium   0-0000209330 

^ther  0-00011137  to  0-00013073 

Alcohol  0-00008245  to  0-00008587 

The  compressibility  of  a3ther  and  alcohol  increases 
■n-ith  the  pressure. 

6.  A  Solid  body,  besides  resisting  change  of 
volume  like  a  liquid,  possesses  also  Rif/iditij,  or 
the  property  of  resisting  change  of  figure. — As  in 
the  case  of  liquids,  the  utmost  alteration  of  vol- 
ume of  which  a  solid  body  is  capable  by  any 
pressure  which  can  be  applied  to  it,  is  always  a 
very  small  fraction  of  its  entu-e  volume. — The 
elastic  pressures  at  the  surface  of  a  solid  body  or 
particle  are  not  necessarily  normal,  but  may  have 
any  direction,  from  normal  to  tangential. 

7.  In  popular  language  the  words  Strain  and 
Stress  are  applied  indifferently  to  denote  either 
the  system  of  pressures  at  the  surface  of  a  solid 
body  whereby  its  volume  and  figure  are  altered, 
or  the  alteration  of  volume  and  figure  of  the  body 
and  its  parts  thereby  produced.  For  the  sake  of 
clearness  in  scientific  language,  certain  authors 
have  recently  endeavoured  to  appropriate  the 
word  Strain  to  the  alterations,  of  what  nature 
soever,  in  the  volume  and  figure  of  a  solid  body 
and  of  its  parts,  produced  by  forces  applied  to  it, 
and  the  word  Stress  as  synonj^mous  with  Elastic 
Pressure,  or  combination  of  elastic  pressures. 
This  nomenclature  will  be  used  in  the  present 
article. — Fracture  of  a  solid  occurs  when  a  strain 
is  carried  so  far  as  to  cause  actual  division  of  the 
solid  into  parts.  The  strains  and  fractures  to 
which  a  solid,  considered  as  a  whole,  is  subject, 
may  be  classified  according  to  the  following  table. 
To  each  kind  of  strain  there  corresponds  a  kind 
of  stress;  being  the  external  force  which  pro- 
duces that  strain  and  the  equal  and  opposite  force 
wherewith  the  solid  resists  that  strain. 

strain.  Fracture. 

.,  ,,    ,   I  Extension  ..Tearing. 
Longitudinal..  |  compression.. Crushing  and  Cleaving. 

(Distortion  ..ShcarinR. 
Transverse.. . .  •<  Torsion       . .'Wrciiching. 

l Bending      . .  Breaking  across. 
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8.  A  body  is  said  to  be  Perfectly  Elastic  which, 
if  strained  at  a  constant  temperature  by  the  ap- 
plication of  a  stress,  recovers  its  original  volume, 
or  volume  and  figure,  when  such  stress  is  witli- 
drawn,  and  gives  out,  during  such  recovery,  a 
quantity  of  mechanical  work  exactly  equal  to 
that  originally  exerted  in  producing  the  strain. 
Deviations  from  this  property  constitute  Jmjm'- 
fect  Elasticity.    Gases,  and  liquids  perfectly  free 
from  viscosity,  are  perfectly  elastic. — The  elas- 
ticity of  every  solid  is  sensibl}''  perfect  when  the 
strain  does  not  exceed  a  certain  limit.    This  has 
been  proved  to  be  the  case  even  for  solids  so  plastic 
as  moistened  clay.  For  every  solid  there  are  limits, 
which  if  a  strain  exceed,  set,  or  permanent  alter- 
ation of  volume  or  figure,  is  produced ;  and  such 
Limits  of  Elasticity  are  less,  and  often  consider- 
ably less,  than  the  strams  required  to  produce 
fracture.    It  has  been  proved  by  Mr.  Hodgkin- 
son  that  these  limits  depend  on  the  duration 
of  the  strain,  being  less  for  a  long-continued 
strain  than  for  a  brief  strain.    The  elasticity 
of  volume  in  solids  is  in  general  much  more 
nearly  perfect  than  the  elasticity  of  figure.  It 
is  true  that  the  density  of  many  metals  is 
permanently  increased  by  hammering,  rollmg, 
and  wiredrawing,  and  that  of  some  other  mate- 
rials by  intense  pressure  (Fairbaim ;  Report  of 
the  British  Association,  1854  ;)  but  the  stresses 
which  operate  during  these  processes  are  very 
great. — The  degree  to  which  the  elasticity  of  a 
solid  substance  is  imperfect  is  sometimes  mea- 
sured by  means  of  experiments  on  the  disappear- 
ance of  vis--vdva  during  tlie  collision  of  two  balls 
of  the  substance  experimented  upon.    The  me- 
chanical work  expended  in  permanently  altering 
the  volume  or  figure  of  an  imperfectly  elastic 
body  produces  heat  according  to  the  same  law 
■with  work  expended  in  friction.    See  Heat, 
Mechanical  Action  of.    A  body  which  is 
capable  of  undergoing  great  alterations  of  figure, 
and  whose  elasticity  of  figm-e  is  very  imperfect, 
is  a  plastic  solid.    The  gradations  are  msensible 
between  plastic  solids  and  viscous  liquids,  in 
which  there  is  a  resistance  to  change  of  figure,  but 
no  tendency  to  recover  any  particular  figure — 
Rise  of  Temperature,  so  far  as  we  yet  know,  in- 
creases elasticity  of  volume  in  all  substances,  and 
at  the  same  time  diminishes  the  amount  and  the 
perfection  of  elasticity  of  figure,  so  as  to  make 
solids  more  plastic  and  liquids  less  viscous. — 
See  Heat. 

9.  The  Ultimate  Strength  of  a  solid  is  the  stress 
requii-ed  to  produce  fractm-e  in  some  specified  way. 
The  Elastic  Strength  is  the  stress  required  to  pro- 
duce the  greatest  strain  of  a  specific  kind,  consistent 
with  perfect  elasticity'.  Strength,  whether  ulti- 
mate or  elastic,  is  the  product  of  two  quantities, 
which  may  be  called  Toughness  and  Stiffness. 
Toughness,  ultimate  or  elastic,  is  here  used  to 
denote  the  greatest  strain  which  the  body  will 
bear  without  fracture,  or  without  imperfection  of 
elasticity,  as  the  case  may  hc:—Stijhess,  which 
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;)  might  also  be  called  Flardness,  is  used  to  denote 
:  the  ratio  borne  to  that  strain  by  the  stress  re- 
quired to  produce  it, — being,  in  fact,  a  modulus 
of  elasticity  of  some  specified  kind.  Malleable 
i  and  DuciiVe  solids  have  ultimate  toughness  gi-eatly 
exceeding  their  elastic  toughness.  Brittle  solids 
have  their  ultimate  and  elastic  toughness  equal 

or  nearly  equal  Resilience  or  Spring  is  the 

quantity  of  mechanical  %oorh  required  to  produce 
tlie  limiting  strain  of  perfect  elasticity,  and  is 
equal  tb  the  product  of  that  strain,  by  the  mean 
stress  in  its  own  direction  which  takes  place 
.  during  the  production  of  that  strain : — such  stress 
•  being  either  exactly  or  nearly  equal  to  one-half 
of  the  stress  corresponding  to  the  limiting  strain, 
t  Hence  the  resilience  of  a  solid  is  exactly  or  nearly 
one-half  of  the  product  of  its  elastic  toughness  by 
.■  its  elastic  strength ;  in  other  words,  one-half  of 
:  the  product  of  the  square  of  its  elastic  toughness 
.  by  its  stiffness. — Each  solid  has  as  many  different 
•V  kinds  of  Toughness,  Strength,  and  Resilience  as 
u there  are  different  ways  of  straining  it. 

10.  The  theory  of  the  elasticity  of  solids  has 
bibeen  reduced  to  a  body  of  mathematical  principles 
^applicable  to  those  cases  in  which  the  strains  of 
!■  the  particles  of  the  body  are  so  small,  that  quan- 
tities in  the  stresses  depending  on  the  squares, 
products,  and  higher  powers  of  the  strains  may 

:  be  neglected  without  appreciable  error,  and  that, 
;  consequently,  UooMs  Law, — "  ut  Tensio  sic  Vis  " 

 is  sensibly  true  for  all  relations  between  strains 

and  stresses.    This  condition  is  fulfilled  in  nearly 
all  cases  in  which  the  strains  are  within  the  limits 
of  perfect  elasticity — the  exceptions  being  a  few 
■  substances,  very  pliable  and  at  the  same  time 
'  very  tough,  such  as  caoutchouc.    The  mathe- 
matical theory,  as  thus  limited,  consists  of  three 
iparts,  viz.,  the  Resolution  and  Composition  of 
'  Strains,   the  Resolution   and   Composition  of 
'  Stresses,  and  the  relations  between  Strains  and 
!■  Stresses. 

11.  Let  a  solid  of  any  figure  be  conceived  to 
Ivbe  ideally  divided  into  a  number  of  indefinitely 
1  small  cubes  by  three  series  of  planes  parallel  re- 
t  sjjectively  to  three  co-ordinate  planes.  Each  such 

elementary  cube  is  distinguished  by  means  of  the 
distances,  x,  y,  z,  of  its  centre  from  the  three  co- 
ordinate planas — If  the  solid  be  strained  in  any 
manner,  each  of  the  elementary  cubical  particles 
will  have  its  dimensions  and  figure  changed,  and 
will  become  a  parallelepiped  wliich  may  be  right 
5r  obUque — its  size  being  conceived  to  be  so 
mull,  that  the  curvature  of  its  faces  is  inap- 
preciable— The  Simple  or  Elementary  Sti  •ains  of 
which  a  pai-ticle,  cubical  in  its  free  state,  is 
susceptible,  are  six  in  number,  viz. :  —  three 
'omjiludinal  or  direct  strains,  being  the  three 
proportional  variations  of  its  linear  dimensions, 
which  are  elongations  when  positive,  and  cum- 
orcssions  when  negative;  and  three  transverse 
Urams,  being  the  three  distortions,  or  variations 
)f  the  angles  between  its  faces  from  right  angles, 
AThicIi  are  considered  as  positive  or  negative  ac- 

2ia 
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cording  to  some  arbitrary  but  fixed  rule,  and  are 
expressed  by  the  proportions  of  the  arcs  subtend- 
ing them  to  radius.  When  the  values  of  these 
six  strains  for  every  particle  are  expressed  by 
functions  of  the  co-ordinates  x,  y,  z,  the  state  of 
strain  of  the  solid  is  completely  expressed  mathe- 
matically.— The  six  elementai-y  strains,  in  the 
cases  to  which  the  theory  is  limited,  are  very 

small  fractions  The  method  of  reducing  the 

state  of  strain  of  the  solid  at  a  given  point,  as 
expressed  by  a  system  of  six  elementary  strains 
relatively  to  one  system  of  rectangular  axes,  to 
an  equivalent  system  of  six  elementary  strains 
relatively  to  a  new  system  of  rectangular  axes, 
is  founded  on  the  following  theorem.  Let  a,  jS,  y, 
be  the  longitudinal  strains  of  the  dimensions  of  a 
given  particle  along  x,  y,  z,  X,  fi,  v,  the  distor- 
tions of  its  angles  in  the  planes  y  z,  z  x,  x'y. 
Conceive  the  surface  of  the  second  order  whose 
equation  is 

ax2-|-/3y*-(-yz*-(-Xyz-|-^zx-|-vxy  = 


:1. 


Transform  this  equation  so  as  to  refer  the  same 
surface  to  the  new  axes  of  co-ordinates  ;  the  six 
coefficients  of  the  transformed  equation  will  be 
the  elementary  strains  refen-ed  to  the  new  axes. 
Other  ways  of  resolving  strains  have  been  pointed 
out  by  Professor  W.  Thomson,  Cambridge  and 

Dublin  Mathematical  Journal,  May,  1855  

The  sum  of  the  direct  strains  a -\-  (!> -\- y,  repre- 
sents the  cubic  dilatation  of  a  particle  when  posi- 
tive, and  the  cubic  compression  when  negative. 
The  state  of  strain  of  a  transparent  bod}'  may 
be  ascertained  experimentally  by  its  action  on 
Polarized  Light.  On  this  subject  experiments 
have  been  made  hy  Fresnel,  Su-  D.  Brewster, 
Wertheim,  and  Mr.  Clerk  Maxwell. 
12.  Let  I,  5j,  Z.,  be  the  projections,  parallel  to 
X,  y,  z,  respectively,  of  the  displacement  of  a 
particle  in  a  strained  solid  from  its  position  when 
the  solid  is  free,  expressed  as  functions  of  x,  y,  z. 
Then 


dx 


/3  = 


d  z 


dy 


dz 


dz  ~  dx  ' 


dx       dy  ' 


13.  The  elastic  pressures  exerted  on  and  by 
an  originally  cubical  particle,  which  constitute 
the  state  of  stress  of  the  solid  at  the  point  where 
that  particle  is  situated,  may  be  resolved  into  six 
Elementary  Stresses,  viz. : — three  Noi-mal  Sti'esses, 
perpendicular  respectively  to  the  three  pairs  of 
faces,  and  tending  directly  to  alter  the  three  linear 
dimensions  of  the  particle — and  three  pairs  or 
Tangential  Stresses,  that  is,  pressures  acting  along 
the  double-pairs  of  faces  to  which  they  are  ap- 
plied, and  tending  directly  to  alter  tiie  angles 
made  by  such  double-pairs  of  faces.    To  reduce 
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the  state  of  stross  at  a  given  point  expressed  by 
a  system  of  six  elementary  stresses  referred  to 
one  system  of  rectangular  co-ordinates  to  an  equi- 
valent system  of  elementary  stresses  referred  to  a 
new  system  of  rectangular  co-ordinates,  let 
1*1)  ^2)  P31  the  three  normal  stresses,  and  Qj, 
Q2>  Qs-  three  tangential  stresses;  conceive 
the  surface  where  equation  is, 

Pix  »  -(-  P2y  *  -{-  rsz"-{-  2Qiyz  -f-  2q2ZX  -]-  2Q3xy 


transform  this  equation  so  as  to  refer  the  same 
surface  to  the  new  set  of  axes ;  the  six  coeffi- 
cients of  the  transformed  equation  will  be  the  six 
elementary  stresses  referred  to  the  new  axes.  For 
the  complete  investigation  of  this  subject,  see  M. 
Lame's  Legons  sur  la  Theorie  Mathematique 
de  i'  ElasticHe  des  Corps  Bolides,  Paris,  1852. 

14.  The  Potential  Energy  of  Elasticity  of  an 
originally  cubic  particle  in  a  given  state  of  strain 
is  the  wo7'h  which  it  is  capable  of  performing  in 
returning  from  that  state  of  strain  to  the  free 
state ;  and  is  the  product  of  the  volume  of  the 
particle  by  the  following  function  : — 

u=    (ai'i-l-/3P3  +  yP3+>-Q2+/»Q2-l-''Q3)- 

2 

This  function  -was  first  employed  by  Mr.  Green, 
Cumbridf/e  Transactions,  vol.  vii. 

15.  According  to  Hooke's  Law  each  of  the  six 
elementary  stresses  Pi,  &c.,  may,  without  sensible 
error,  be  treated  as  a  linear  function  of  the  six 
elementary  strains,  a,  &c.,  each  multiplied  by  a 
particular  Coefficient  or  Modulus  of  Elasticity. 
By  expressing  all  the  stresses  in  terms  of  the 
strains,  the  Potential  Energy  u  is  transformed 
into  a  homogeneous  quadratic  function  of  the  six 
elementary  strains,  which  must  have  twenty-one 
terms,  and  consequently  tiuenty-one  Coefficients, 
multiplying  respectively  the  six  half-squares,  and 
the  fifteen  bmary  products,  of  the  six  elementary 

strains.    The  coefficient  of  ^       in  u  is  that 

of  a  in  Pi ;  the  coefficient  of  a  /3  in  u  is  that  of 
a  in  P2  and  also  that  of  (3  in  p^  ;  and  so  on. 

IG.  According  to  Hooke's  Law  also,  each  of 
the  six  elementary  strains  may  be  treated,  with- 
out sensible  error,'  as  a  linear  function  of  the  six 
elementary  stresses,  so  as  to  transform  u  to  a 
homogeneous  quadratic  function  of  the  elementary 
stresses  Pj.  &c.,  having  twenty-one  terms,  and 
twenty-one  coefficients  expressing  difi'ercnt  knuls 
of  Pliabilitv.  The  word  "  Pliability  "  is  here  used 
in  an  extended  sense,  to  include  liabihty  to  alter- 
ation of  figure  of  every  kind,  whether  by  clon- 
iration,  linear  compression,  or  distortion. 

Coefficients,  whether  of  Elasticity  or  of 


17. 


Pliabilitv,  may  be  thus  classified  :--Z)"-ec/, 
Lonnitudinal,  when  they  express  relations  be- 
tween longitudinal  strains,  and  normal  stresses  in 
the  same  Amc^Xon.- Lateral,  when  they  express 
relations  between  longitudinal  strains,  and  nor- 
mal stresses  in  directions  at  right  angles  to  the 
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strains. — Transverse,  when  they  express  relations 
between  distortions,  and  tangential  stresses  in  the 
same  direction — Oblique,  when  they  express  any 
other  relations  between  strains  and  stresses, 

18.  An  Axis  of  Elasticity  is  any  direction  in  a 
solid  body,  with  respect  to  which  some  kind  of 
symmetry  exists  in  the  relations  between  strains 
and  stresses.  Various  kinds  of  axes  have  been 
pointed  out  by  Mr.  Haughton,  Trans.  Roy.  Irish 
Acnd.  XXIII.,  and  Mr.  Rankine,  see  Philoso- 
phical Transactions,  1855.  In  particular,  an 
Axis  of  Direct  Elasticity  is  a  direction  in  a  solid 
body  such,  that  a  longitudinal  strain  in  that 
direction  produces  a  normal  stress,  and  no  tan- 
gential stress  on  a  plane  normal  to  tliiX  direction. 
Every  such  axis  is  a  direction  of  maximum  or 
minimum  direct  elasticity  relatively  to  the  direc- 
tions adjacent  By  the  aid  of  the  Calculus  of 

Forms,  and  of  an  improvement  in  the  Geometry 
of  Oblique  Co-ordinates,  it  has  been  shown  by 
Mr.  Rankine  that  every  homogeneous  solid  must 
have  at  least  three  axes  of  Direct  Elasticity,  which 
may  be'  rectangular  or  oblique  with  respect  to 
each  other, — that  the  number  of  such  axes  in- 
creases as  the  sj'mmetry  of  the  action  of  elastic 
forces  becomes  greater, — and  that  their  various 
possible  arrangements  correspond  exactly  with 
those  of  the  normals  to  the  faces  and  edges  of  the 
various  Primitive  Crystalline  Forms. 

19.  In  an  Isotropic  or  Amorphous  Solid  the 
action  of  Elastic  Forces  is  alike  in  all  directions. 
Every  direction  is  an  Axis  of  Elasticitj-.  The 
coefficients  of  Oblique  Elasticity  and  Oblique  Pli- 
ability are  all  null.  The  number  of  diflerent 
coefficients  of  Elasticitj',  and  of  different  coeffi- 
cients of  Pliability,  is  three.  The  following 
notation  and  equations  show  then:  relations  to 
each  other : — 


ELASTICITIES, 


Duect  A  = 


a  — b 


Lateral,   b 


a'—  ah— 
b 

a3  _  ab  —  2 


Transverse,   c  = 


Elasticity 


of  volume,   — : 
u 


PLIABILITIES. 


Direct, . 


a  = 


+  2 


A-|-B 


(otherwise,  the  extensibility). 


Lateral,    b 


v« -j- A  li  — •  2 

1  =2(a  +  b) 
c 


Transverse,  £  = 

Cubic  compressibility,  b  =  3  a  —  G  b. 
The  quantity  to  which  the  term  "  Modulus  0 
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Elasticittj"  was  first  applied  by  Dr.  Young,  is 
the  reciprocal  of  the  Extensibility,  or  Longi- 
tudinal Pliability ;  that  is  to  say, 

i  =  A  —  -1^ 

H  A  -j-  B  * 

1  This  quantity  expresses  the  ratio  of  the  normal 
stress  on  the  transverse  section  of  a  bar  of  an 
isotropic  solid  to  the  longitudinal  strain,  only 
when  the  bar  is  perfecthj  free  to  varrj  in  its  trans- 
verse dimensions,  but  not  under  other  circuna- 
stances.    In  the  commonly  received  theory  of  the 
strength  of  materials,  it  has  been  erroneously 
taken  for  granted  that  Young's  Modulus  expresses 
t  that  ratio  under  all  circumstances.    The  magni- 
;  tude  of  some  of  the  errors  to  which  this  assump- 
t  tion  leads  is  shown  in  Mr.  VV.  H.  Barlow's 

-  experiments  on  the  flexure  of  Cast  Iron  Beams, 
I  (see  Philosophical  Transactions,  1855).  The 
rvalues  of  Young's  Modulus  have  been  deter- 
;i  mined  experimentally  for  almost  every  solid  sub- 

-  stance  of  importance,  and  tables  of  "them  have 
been  published  in  treatises  on  mechanics.  (See, 

i:  in  particular,  Legons  sur  la  Resistance  des  Mat&-i- 
•  aux,par  le  General  Marin,  Paris,  1853.J  Those  of 
!  the  Transverse  Elasticity  c  have  been  deduced 
:ifrom  experiments  on  Torsion,  of  which  many 
h  have  been  made,  especially  by  Bevan  and  Savart. 
I  The  only  complete  sets  of  Coefficients  of  Elasti- 
city and  Pliability  which  have  yet  been  com- 
puted are  those  for  Brass  and  Crystal,  deduced 
::from  the  experiments  of  M.  Wertlieim,  (Annales 
de  Chime,  3d  series,  vol.  23),  and  are  as  follows : 
:  the  unit  of  pressure  being  one  pound  on  the  square 
inch : — 


Brass. 

22,224,000 
11,570,000 
5,327,000 

15,121,000 


14,300,000 


J  0-000n000fi99  . 

"   0-00000n023y  , 


.00000001877 
.0-0000000661  , 


Crystal. 
8,.';-22,C0O. 
4,201,400. 
2,159,100. 

5,643,800. 


..  5,746,000 

..0-0000001740. 
..0-0000000575. 
..0-0000004031. 
..0-0000001772. 


20.  The  general  problem  of  the  Internal  Enui- 
libnum  of  an  Elastic  Solid  is  this :— given  the 
free  form  of  a  solid,  the  values  of  its  coefficients 
of  elasticity,  the  attractions  acting  on  its  particles, 
and  the  stresses  applied  to  its  surface  :  to  find  its 
cliangeof  form,  and  the  strains  of  all  its  particles, 
t  his  problem  is  to  be  soh  ed,  in  general,  by  the 
aid  of  an  ideal  division  of  the  solid  (as  already 
described)  into  molecules  rectangular  in  their  free 
state,  and  referred  to  rectangular  co-ordinates. 
I'or  isotropic  solids,  some  particular  cases 


are 


most  readily  solved  by  means  of  spherical,  cylin 
dncaK  or  otherwise  curbed  co-ordinates.  (See 
Lame,  Leqons,  &c.j  Maxwell,  Edhiburgh  Trans- 
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21.  Many  attempts  have  been  made  to  sim- 
jilify  tlie  theory  of  elasticity  by  the  aid  of  Hypo- 
theses as  to  occult  molecular  structures  in  bodies. 
That  most  cultivated  has  been  the  hypothesis  of 
Boscovich,  that  bodies  are  systems  of  physical 
points  or  centres  of  force,  occupying  space  solely 
in  virtue  of  attractions  and  repulsions  between 
them.  A  necessary  consequence  of  this  hypo- 
thesis is,  that  for  all  isotropic  bodies,  A=3  c. 
This  consequence  is  contradicted  by  experiment: 
therefore  the  hypothesis  is  untenable.  Another 
hypothesis  is  that  of  iEpinus,  Franklin,  Mossotti, 
and  others,  which,  to  atomic  nuclei,  like  the  phy- 
sical points  of  Boscovich,  superadds  elastic  atmo- 
spheres  enveloping  them.  As  to  the  Hypothesis 
of  Molecular  Vortices,  see  Heat,  Mechanical 
AcnoN  or,  sees.  34,  35.  This  hypothesis  has 
been  serviceable  in  the  theory  of  the  relations 
between  elasticity  and  heat; — but  when  the 
theory  of  elasticity  is  considered  in  itself,  it  is 
unquestionably  best  to  avoid  hypotheses  alto- 
gether. 

22.  The  subject  of  Elasticity  has  been  inves- 
tigated mathematically  and  experimentally  by  a 
multitude  of  authors  too  great  to  be  completely 
enumerated  here;  but  amongst  them  may  be 
specified  the  names  of  Galileo,  Leibnitz,  Huyg- 
hens,  Hooke,  Boyle,  Newton,  the  Bernouiilis, 
Euler,  Boscovich,  Coulomb,  Dupin,  Marriotte, 
Eobison,  Young,  Eennie,  Bevan,  Tredgold, 
Brewster,  Fresnel,  Gauss,  Savart,  Navier, 
Poisson,  Oersted,  CoUadon,  Sturm,  Mossotti, 
Cauchj',  Lame,  Clapeyron,  Grassi,  Eegnault, 
Wertheim,  St.  Veuant,  Poncelet,  Morin,  Green, 
Stokes,  M'Cullagh,  Haughton,  Kelland,  Hodg- 
kinson,  Fairbairn,  P.  Barlow,  W.  H.  Barlow, 
Forbes,  W.  Thomson,  J.  Thomson,  Gordon,  Jel- 
lett.  Maxwell,  Rankine.  As  to  the  vibrations 
of  Elastic  Solids,  see  Sound. 

x;icciricnl  Egg :  long  known  as  an  interest- 
ing philosophical  toy,  and  a  favourite  in  the 
popular  lecture-room.  As  in  other  by  no  means 
unfrequent  cases,  however,  it  has  suddenly 
assumed  the  position  of  a  philosophical  instru- 
ment of  high  import,  revealing  phenomena 
worthy  to  arrest  the  attention  of  such  men  as 
Grove,  Gassiot,  Rwhmkorff,  Quet,  Pliicker,  and 
Dr.  Eobinson  of  Armagh.  We  shall  rapidly 
indicate  the  nature  of  the  appearances  that  are 
sustaining  inquiries  so  sedulous  and  grave,  and 
present  afterwards  a  resume  of  the  present  state 
of  the  problems  thus  originated. 

I.  The  Instkujient  itself  is  exceedingly 
simple  and  well  known.  It  consists  of  an  oval 
glass  vessel,  like  that  in  fig.  1,  so  constructed, 
that  the  air  or  gas  within  it  can  be  attenu- 
ated by  means  of  connection  with  an  air-pump ; 
and  through  which  approximate  vacuum  an 
electric  discharge  may  be  passed  by  aid  of 
the  rods  indic.ited  in  the  same  figure.  At  the 
ends  of  these  rods,  balls  are  represented,  as  the 
positive  and  negative  electrodes ;  but  these  may 
be  replaced  by  platinum  points,  or  by  discs 
245  ■  ' 
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according  to  the  object  of  the  experimenter. 

Tlie  primary  requisition  made  of 
the  instrument,  being  merely 
that  it  permit  an  electric  spark 
or  current  to  pass  through  an 
attenuated  gas,  it  is  clear  that 
the  form  of  it  is  by  no  means 
confined  to  the  one  represented ; 
and  this  form  has  been  varied 
accordingly.  It  occurred  to  Mr. 
Gassiot,  that  by  employing  the 
Torricellian  vacuum,  and  then 
hermetically  sealing  the  tube, 
the  cumbrous  appendage  of 
the  air-pump  might  be  dis- 
pensed with.  He  carried  out 
his  idea  most  successfully,  and 
with  a  rich  harvest  of  results. 
Their  shape  is  shown  in  figs.  2 
and  3,  where  the  bent  platinum 
wires  constitute  point-electrodes 
in  the  one  case,  and  external 
strips  of  foil  in  the  other, 
for  the  induced  discharge.  But 
the  most  important  addition  to  our  instni- 
mental  resources  in  this  case,  unquestionably 
came  from  M.  Geissler  of  Bonn,  who  not  only 
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succeeded  in  sealing  tubes  filled  with  varieties  of 
gases  of  all  degrees  of  density,  but  conceived  the 
idea  of  diversifying  the  shape  of  the  tubes,  so 
that  the  effects  of  another  element  might  be 
tested  and  determined.  He  has  made  them 
accordingly  as  globes,  as  pear-shapes — one  of 
which  is  drawn  in  fig.  10  (see  below).  One  of  his 
favourite  forms  is  rather  complex ; — the  centre  is 
an  ellipsoid,  not  unlike  the  original  egg :  the  two 
ends  containing  the  platinum  electrodes  are  globes, 
and  these  are  connected  with  the  central  ellipsoid 
by  tubes  of  different  diameters.  In  devising 
these  forms,  most  of  which  present  peculiar 
phenomena, — Geissler  has  had  the  great  advan- 
tage of  the  aid  and  counsel  of  Pliicker.  Mr. 
Ladd,  of  Chancery  Lane,  London,  has  re- 
cently imported  a  number  of  Geissler  tubes, 
so  that  they  may  easily  reach  the  hands  of 
British  inquirers. 

II.  Turn  now  to  the  Phenomena. — The  gen- 
eral phenomena  are  these.  The  electrical  egg, 
as  known  originally,  was  supposed  to  manifest 
no  appearance,  save  the  brilliant  one  represented 
in  fig.  1.  After  the  air  had  been  siifHciently 
exhausted,  and  a  succession  of  electric  sparks 
was  being  sent  through  the  approximate  vacuum, 
the  negative  pole  (the  lower  one  in  the  figure) 
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Fig.  2. 


fig.  3. 


became  surrounded  by  a  blue  aureola,  while 
from  the  positive  or  upper  pole,  streams  or  billows 
of  superb  fiery  red  passed  downwards  to  the 
neighbourhood  of  the  negative  pole,  from  which, 
however,  they  were  always  separated  by  a  dark 
space,  varying  in  breadth  with  change  of  circum- 
stances. This  fine  experiment  could  be  prolonged 
for  hours — as  long,  indeed,  as  the  vacuum  ivas 
kept  up,  and  the  succession  of  sparks  continued. 
It  was  commonly  employed  to  indicate  the  pro- 
bable nature  of  the  northern  auroras. — In  1852, 
however,  the  phenomenon  assumed  quite  another 
aspect.  An  observation  on  the  part  of  Mr. 
Grove — which  must  have  been  as  accidental,  and 
may  yet  prove  as  fertile  as  the  famous  one  by 
Mains— called  his  attention  to  the  interior  struc- 
ture of  these  developments  of  light.  He  found 
that,  in  certain  circumstances  of  exceedingly  fre- 
quent occurrence,  the  light  is  stratified.  ^  The 
blue  envelope  of  the  negative  pole  is  not  single; 
but  consists  of  at  least  three  envelopes,  the  cen- 
tral one  being  the  darkest.  It  is,  however,  in 
the  streamers  from  the  positive  pole  that  this 
stratification  is  most  distinctly  seen.  Its  aspects 
vary  with  circumstances;  but  fig.  4  may  be  ac- 
cepted as  a  sufficiently  characteristic  eye  sketch  of 


its  more  distinctive  features.  On  filling  the  tubes 
with  the  different  gases,  the  phenomena  be- 
come perplex  ingly  diversified ; 
nor  perhaps  is  the  time  yet 
come  for  a  sufliciently  simple 
classification  of  their  appear- 
ances. There  are,  however,  two 
elements  essential  to  the  pro- 
duction of  the  phenomena,  that 
must  exercise  a  principal  sway, 
viz.,  the  power  of  the  electric 
current  or  of  the  electromotor, 
and  the  quality  of  the  attenu- 
ated gas.  Other  circumstances 
interfere ;  for  instance,  the 
quality  of  the  gas  may  be 
changed  by  the  persistent  ac- 
tion of  the  current,  e.  g.,  Oxy- 
gen may  pass  into  Ozone,  and 
compound  gases  are  generally 
decomposed.  Of  these  circum- 
stances, however,  we  shall  not 
attempt  to  take  account ;  and 
in  our  short  exposition  we  shall 
largely'  follow  the  track  of 
who  has  exaramed  the  subject  with  his  usual 
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sagacity  and  faithfulness.  (See  Proceedings  of 
the  Royal  Irish  Academy  for  January  and  De- 
cember, 1846,  and  Philosophical  Magazine  for 
April,  1859). 

The  following  diagram,  fig.  5,  will  impress  far 
better  than  any  description,  the  phenomenon  as 


•  obtained  by  Dr.  Robinson,  when  the  medium 

1  in  the  receiver  was  attenuated  pure  Hydrogen. 

;  The  large  upper  ball  is  the  positive  electrode ;  the 
negative  electrode  a  point,  below  which  a  disc 
had  been  placed.  The  disc  and  stem  of  the  ne- 
gative electrode  had  its  usual  three  envelopes ; 
but  the  issue  from  the  ball  seems  to  have  been  of 
very  great  splendour.    As  the  woodcut  shows, 

:  it  was  trumpet-shaped,  and  consisted  of  a  succes- 
sion of  menisci,  separated  from  each  other  by 
about  a  quarter  of  an  inch.  This  mass  of  me- 
nisci was  also  in  rotation  around  the  longitudi- 
nal axis.  Now  these  phenomena  are  common  to 
all  such  experiments.  In  all  cases  we  have  the 
menisci  separated  by  these  dark  bands ;  but  when 
the  power  is  high,  their  curvature  is  reversed  to- 
wards the  end  of  the  positive  stream.  Tn  all  cases 
we  have  their  rotation,  and  the  quiescence  of 
the  light  around  the  negative  electrode,  which 
!'<  likewise  invariably  divided  into  two  envelo)>es, 
sundered  by  a  dusky  interval. 

The  foregoing  phenomena,  therefore,  must  be 
owing  to  the  only  agency  invariable  in  their  pro- 
duction, viz.,  a  discliarge  through  an  imperfect  but 
mobile  conductor.— The  manner  of  discharge, 
which  seems  to  facilitate  the  evolution  of  these  ap- 
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pearances,  is  stated  by  Dr.  Kobinson  to  be  the 
following : — 1.  The  electrodes  should  be  guarded 
points,  that  is  to  say,  pointed  platinum  wires,  sur- 
rounded by  small  glass  tubes  up  to  the  very  point. 
Geissler,  we  believe,  always  employs  such. — 2. 
The  positive  electrode  should  be  the  upper  one.  In 
the  reverse  arrangement,  the  ascending  currents 
of  heated  air  seem  to  cause  confusion. — 3.  A  verv 
weak  electromotive  power  will  give  no  strata  or 
menisci ;  while,  on  the  other  hand,  a  very  strong 
force  conceals  them.  A  spark  of  a  tenlh^ or  even 
&Jiflh  of  an  inch,  fails  to  evolve  them  even  in  a 
Torricellian  vacuum  :  very  powerful  discharges, 
again,  cause  the  bright  streaks  to  throw  out 
cloudy  appendages  into  the  dark  intervals;  and. 
sparks  of  five  inches  altogether  overcome  that  re- 
sistance of  the  imperfect  conduction  to  which  the 
phenomena  are  probably  owing, — entirely  filling 
these  intervals  with  light.  It  is  found  also  that 
a  more  perfect  attenuation  of  the  medium  com- 
pensates to  a  certain  degree  for  the  greater 
feebleness  in  the  discharge. 

If_  from  these  general  phenomena  and  their 
conditions,  we  turn  to  the  variations  due  to 
the  use  of  different  gases  as   media,  con-i- 
densed  description  becomes  exceedingly  difficult. 
There  are,  however,  two  phenomena  even  here, 
of  a  comparatively  general  nature,  that  ought  to 
be  especially  noted.     (1.)  In  many  cases  the 
rarified  gases  became  phosphorescent  under  tha 
influence  of  the  discharge ;  that  is  to  say,  thev 
continue  to  give  out  liglit  after  the  cessation  of 
that  discharge.    The  circumstances  under  which 
such  appearances  take  place  are  now  being 
studied  by  Edmund  Becquerel.     This  physicist 
thinks  that  he  can  distinguish  two  sorts  of 
persistence. — First,  in  the  case  of  rarefied  hydro- 
gen, sulphuretted  hydrogen,  protoxide  of  nitrogen, 
and  chlorine,  faint  gleams  of  persistence  are 
discerned ;  but  the  action  appears  limited  to  the 
internal  surface  of  the  glass  tube.  Becquerel 
shows  clearly  enough  that  this  cannot  be  due  to 
phosphorescence  of  the  glass  itself;  "  therefore," 
he  concludes,  "the  efl!eet  presented  by  tubes  con- 
taining these  gases  appears  to  be  the  result  of 
the  electrization  of  the  glass,  or  of  the  adherent 
gaseous  stratum."    It  is  not  likely  to  be  due  to 
the  electrization  of  the  glass,  because  it  does  not 
appear  in  all  cases  when  an  inductive  current  is 
transmitted  through  a  glass  tahe.— Secondly, 
with  oxygen,  with  sulphurous  acid  gas,  witli  air 
slightly  impregnated  with  jihosphorus,  &c.,  the 
effect  is  different.    When  an  inductive  discharge 
passing  through  rarefied  oxygen,  for  instance,  is 
suddenly  stopped,  tlie  whole  tube  appeai-s  to  be 
illuminated  with  a  yellow  tint  that  persists  for 
several  seconds  after  the  iulerruption,  and  de- 
creases with  more  or  less  rapidity  until  it  dis- 
appears.   The  illuminating  action,  as  seen  in 
such  cases,  evidently  takes  place  between  tlie 
actual  molecules  of  the  gas,  and  does  not  pass 
along  the  walls  of  the  tube,  for  on  making  use 
of  spheres  of  large  capacity,  instead  of  tubes, 
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the  entire  mass  of  the  gas  becomes  opaline. 
Becquerel  remarks  that  the  phenomenon  pro- 
bably depends  on  a  peculiar  action  produced  by 
the  electric  currents ;  for  solar  light,  or  even  the 
electric  lirj/U  itself,  does  not  give  rise  to  any  such 
phosphorescence.  And  Le  asks, — "  Is  it  the 
result  of  vibrations  impressed  u])on  the  molecules 
of  the  gases,  or  of  a  peculiar  state  of  molecular 
tension  persisting  for  a  few  moments,  or  of  some 
otlier  physical  or  chemical  cause?" — (2.)  With 
some  media,  the  fluorescent  rays  of  Mr.  Stokes  are 
very  largely  developed  ;  employing  others,  not  a 
trace  of  these  rays  can  be  discerned.  For  instance, 
when  sufficiently  rarefied  atmospheric  air  is  the 
niediujn,  thefluorescent  raj-s  appear  in  abundance; 
and  this  also  occurs  if  we  substitute  either  of  its 
main  constituents,  oxygen  or  nitrogen.  On  the 
other  hand,  hydrogen,  sulphur,  and  carbon,  are 
pre-eminently  anti-fluorescent;  hydrogen  above 
them  all.  This  singular  quality  accompanies 
the  bodies  named  through  their  components, 
although  sometimes  the  one  and  sometimes  the 
other  antagonist  element  prevails.  Ammonia, 
for  instance,  is  not  sensibly  fluorescent — the 
energy  of  the  hydrogen  prevailing  over  that  of 
the  nitrogen.  But  cyanogen  is  very  fluorescent ; 
the  nitrogen  in  this  instance  overmastering  the 
carbon.  The  remote  cause  of  this  well  marked 
distinction  is  as  yet  unknown.  Nevertheless, 
the  enumeration  just  made  cannot  fail  to  suggest 
the  inquiry, — whether  fluorescence  or  anti-fluor- 
escence depends  in  any  degiee  on  the  electro- 
negative or  electro-positive  character  of  the  media. 

The  strata,  as  we  have  said,  greatly  vary  with 
the  media,  in  the  colour  of  their  light.  With 
atmospheric  air  the  mass  of  the  menisci  are  violet  , 
and  seem  enveloped  in  a  faint  yellowish  light. 
With  hydrogen  the  light  is  a  pale  greenish- blue. 
"With  oxygen  and  nitrogen  the  colour  is  nearly 
the  same  as  with  common  air.  The  oxygen, 
however,  seems  to  pass  into  ozone.  Xitrogen 
yields  a  positive  light,  more  pink  than  that  of 
air;  while  the  envelopes  of  the  negative  electrode 
are  indigo.  On  continuing  the  exhaustion  in 
the  latter  case,  the  stream  assumes  the  hue  of  a 
tawny  brown.  With  carbonic  oxide  the  stream 
is  a  bright  green,  yellowish  at  the  positive  end, 
bluish  at  the  other.  The  stream  is  also  green 
with  carburet  of  sulphur,  coal-gas,  vapour  of 
chloroform,  vapour  of  alcohol,  vapour  of  camphor, 
&c. ;  while  livid  blue  and  lilacs  are  evolved  when 
the  media  are  rarefied  sulphurous  acid  gas,  cyano- 
gen, naphtha,  ammonia,  &c.,  &c.  It  remains  for 
inquiry  to  determine  how  far  these  singular  va- 
rieties may  be  found  connected  with  the  density 
of  the  medium  and  its  electric  conducting  power. 

Ill,  Whatever  the  origin  of  the  singular  striae 
we  have  been  describing,  they  may  certainly  be 
considered  as  lines  or  discs  of  electric  force.  And 
accordingly  it  was  no  rash  conjecture  that  the 
neighbourhood  of  a  magnet  would  make  itself  be 
felt  by  changes  on  their  form  and  distribution. 
Gasaiot  has  made  several  allusions  to  this  new 
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part  of  the  subject  in  the  Bakerian  Lecture  of 
last  year,  establishing  that  stratifications  arising 
from  the  direct  discharge  taken  from  two  point 
electrodes,  tend  to  rotate  around  the  poles  of  a 
magnet,  according  to  the  well  known  law  of  mag- 
netic rotations.  Wlien  a  reciprocating  discharge  ia 
effected  (obtained  by  coating  two  portions  of  a 
Torricellian  tube  exterhally  with  stripes  of  tin- 
foil), this  discharge  was  found  by  Gassiot  to  be 
divided  by  the  magnet— the  two  divisions  hav- 
ing a  tendency  to  rotate  in  different  directions. 
— The  nrost  extensive  experiments  on  the  sub- 
ject, however,  are  due  to  Piiickerof  Bonn.  His 
memoirs — originally  printed  in  Poggendorff's  An- 
mlen,  No.  ciii.  and  civ.,  and  reproduced  in  an 
English  dress  in  the  second  volume  of  the  Philo- 
sophical Magazine  of  1858 — are  so  replete  with 
new,  curious,  and  diversified  facts,  that  a  satis- 
factory analysis  of  them  within  our  brief  space 
is  impossible.  Putting  aside  the  changes  of 
colour  and  every  feature  apparently  depending 
on  the  varying  nature  of  the  medium,  we  shall 
treat  only  of  the  constant  portion  of  the  pheno- 
mena described.  Pliicker's  researches  refer 
mainlj'  to  phenomena  connected  with  the  strata 
and  the  negative  electrode  ;  but  he  has  recorded 
valuable  information  also  regarding  the  in- 
fluence of  magnetic  action  on  the  general  current, 
or  on  the  strata  or  menisci  streaming  from  its 
opposite.  Taking,  for  instance,  a  Geissler's  tube 
of  the  form  already  described — viz.:  a  central 
ellipsoid,  joined  to  two  terminal  spheres,  witliin 
which  the  platinum  points  were  placed — he  states 
that  on  feeling  the  magnet  approach,  the  light 
entering  the  ellipsoid  becomes  concentrated  into  a 
luminous  arch,  as  in  fig.  6,  traversing  the  upper 


Fig.  C 

part  of  the  bulb  in  the  equatonal  plane  of  the 
magnet.  On  entering  the  ellipsoid,  the  stratifi- 
cation of  the  light  became  finer ;  at  the  uppet 
part  of  the  arch  where  the  concentration  of  light 
was  greatest,  the  dark  intervals  became  morn 
and  more  numerous  and  distinct — in  fact,  it  pre- 
sented the  aspect  of  a  repelled  arch  of  siratifierf 
light. — Let  us  turn,  however,  to  the  researches 
of  our  physicist  as  to  the  strata  around  the 
negative  electrode.  It  will  be  recollected  that  in 
the  ordinary  discharge,  and  in  the  ordinary  pheno- 
mena of  stratification,  the  negative  electrode  is 
surrounded  in  its  immediate  neighbourhood  by  an 
envelope  of  variotisly  coloured  and  finely  strati- 
fied light — separated  by  a  dark  interval  from  the 
stratified  mass,  streaming  from  the  opposite  pole. 
These  fine  layers  are  spherical  when  the  positive 
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electrode  itself  is  spherical:  and  they  have  a 
cylindrical  form  when  the  electrode  projects  into 
tile  tube  as  a  wire.  Now  this  stratification  is 
quite  broken  up  by  the  neighbourhood  of  a  mag- 
net, and  thrown  into  the  form  of  magnetic  curves. 
Pliicker,  in  all  these  inquiries,  made  much  use 
-of  the  irregular  Geisslei's  tube,  described  above. 
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and  the  following  are  a  few  of  his  results.  Pre- 
vious to  the  ajjproach  of  the  nuignct,  in  the 
globe  containing  the  negative  electrode,  a  difl'use 
violet  light  existed,  surrounded  by  a  pale  green 
light,  clinging  to  the  internal  surface  of  the 
glass.  On  placing  the  globe  between  the  arma- 
tures of  a  powerful  magnet,  as  below  ((ig.  7) 


Fig  7. 
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Fig.  D. 


tithe  diffuse  violet  light,  collected  into  a  horizontal, 
-,serailune,  bright,  and  uniformly  luminous  disc, 
■  bounded  towards  the  tube  by  a  well  defined  con- 
.;cave  arch.    On  its  opposite  side  this  disc  was 
r  enveloped  by  a  narrow  strip  of  beautiful  hriglit 
-green  light,  filling  the  curvatures  of  the  glass. 
On  changing  the  position  of  the  tube,  in  refer- 
lence  to  the  magnet,  the  changes  passed  on  this 
disc  which  are  represented  in  figs.  8,  and  9.  In 
fig.  9  the  disc  rotated  in  the  direction  of  the 


arrow.  Pliicker  concludes  in  general  terms,  that 
the  planes  or  curved  surfaces  in  which  the  diffused 
light  spreading  around  the  negative  pole  becomes 
concentrated,  are  formed  of  lines  of  light  which, 
proceeding  from  the  separate  points  of  the  posi- 
tive elect!  ode,  coincide  with  viagnetic  curves.  Me 
employed  next  a  long  tube,  tapering  conically 
towards  one  end,  laying  it,  as  represented  below, 
in  an  axj'a/ position.  In  fig.  10,  one  set  of  results 
are  depicted.     The  stratification  having  refer- 
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(Tcnce  to  the  positive  electrode  was  modified  onh' 
"in  this:  it  did  not  extend  to  the  sides  of  the 
:tube  through  its  lower  part.    But  the  light  be- 
longing to  the  negative  electrode  was  thrown 
into  two  concentric  arcs,  whose  centres  coincide 
•  with  the  middle  point  between  the  higher  sur- 
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faces  of  the  two  armatures.  Move  now  the  tube 
to  the  position  shown  in  fig.  11,  and  the  pheno- 
mena are  wholly  changed.    These  two  arcs  have 


again  assumed  the  form  of  magnetic  curves.  By 
the  change  thus  effected,  a  remarkable  commix- 
ture of  the  light  occurs,  and  new  colours  appear 
when  the  ring  opens  and  its  light  a|iproaches 
that  of  the  other  part  of  the  tube.  The  former 
of  these  was  violet,  the  latter  reddish  ;  a  beautiful 
blue  light  being  formed  on  their  approximation. — 
On  inverting  the  poles,  the  light  moves  backwards 
and  forwards  in  the  neighbourhood  of  the  negative 
electrode,  and  collects  at  the  place  where  the 
surface  formed  by  magnetic  curves  touches  the 
glass. 

Pliicker  has  been  able  farther  to  discern  the 
precise  agreements  of  these  curious  phenomena 
with  the  well  establislied  dynamical  relations 
existing  between  electric  currents  and  the  mag- 
netic force.  The  gas  tlirough  wiiich  the  current 
passes  must  be  viewed  physically  as  simply  an 
ubsolulelg  flexible  conductor:  and  Pliicker  first 
lays  down  the  following  new  electro-magnetic 
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principle: — '■^If  an  absolutely  flexible  conductor, 
traversed  by  a  current,  is  subjected  to  the  action  of 
any  system  whatsoever  of  magnetic  forces,  it  is 
necessary,  and  at  the  same  time  sufficient  for  equi- 
librium, that  the  current  assume  the  form  of  a 
negative  curve."  Now  there  are  three  sets  of 
circumstances  under  which  this  principle  may 
act  with  different  results:  —  (1.)  Suppose  the 
electric  discharge  to  take  place  between  two  fixed 
points,  as  in  the  case  of  the  common  voltaic  arch. 
Under  influence  of  a  magnet,  this  arch  will  take 
the  form  of  a  magnetic  curve,  if  its  two  extremi- 
ties lie  on  the  same  magnetic  curve.  If  this  is 
not  the  case,  curious  transformations  occur  not 
hitherto  investigated. — (2.)  One  of  the  extre- 
mities of  the  discharge  may  be  fixed,  while  the 
other  is  merely  under  the  condition  of  being 
somewhere  on  a  given  surface.  This  happens 
with  the  luminous  discharge  around  the  negative 
electrode  in  Geissler's  tubes — the  discharge  then 
terminating  at  one  side  in  that  electrode,  and  at 
the  other  in  the  internal  surface  of  the  glass. 
From  this  condition  all  the  phenomena  discovered 
by  Pliicker,  connected  with  that  electrode,  are 
readil}'  deducible. — (3.)  Or  lastly,  both  extre- 
mities of  the  discharge  may  be  found,  not  in 
points,  but  on  two  surfaces,  or  two  portions  of 
given  surfaces.  This  happens  in  experiments 
with  the  ellipsoidal  swelling  or  centre  of  the  tube 
of  Geissler.  This  ellipsoid  being  placed  on  the 
armatures  of  a  powerful  electro-magnet,  so  that 
its  axis  be  perpendicular  to  the  line  of  the  poles, 
there  is  necessaril}'  formed  in  its  interior,  at  a  dis- 
tance from  the  two  electrodes,  a  luminous  vault, 
presenting  the  form  of  a  magnetic  surface,  ter- 
minating in  all  its  parts  in  the  internal  side  of 
the  glass.  Pliicker  seems  to  have  found  the 
complete  explanation  of  this  portion  of  the  curious 
inquiry.    This  memoir  is  in  Poggendorff,  vol.  civ. 

IV.  The  important  question  remains,  how- 
ever, what  is  the  cause  of  these  stratifications? 
We  have  been  able  to  describe  the  main  phe- 
nomena; but  nothing  in  the  previous  part  of 
this  paper  tends  to  explain  why  they  exist  at 
all.  Several  speculations,  indeed,  have  been 
hazarded,  but  none  of  them  grasp  the  subject ; 
— nor,  perhaps,  are  the  phenomena  themselves 
fully  or  adequately  known.  At  a  compara- 
tively early  period,  for  instance,  after  Grove's 
discovery,  the  idea  of  interference  was  not 
unnaturally  suggested,  —  an  idea  peremptorily 
negatived  by  Gassiot,  who  artificially  pro- 
duced "  interferences"  of  two  currents,  without 
evolving  any  analogous  striaj.  M.  Morren  of 
Marseilles  is  probably  not  far  from  the  truth, 
when  he  wites—  "  J'attribue  la  stratification  a 
une  variation  dana  I'intensite  de  la  tension  de 
r  electrite'  qui  circule,  mais  surtout  al'  insuffissance 
des  corps  conductives  gazeux,  a  travers  desquels  le 
courant  passe;"  but  he  is  quite  in  error  when  he 
imagines  the  phenomena  represented  by  the  forms 
of  brushes,  &c.,  received  on  a  piece  of  glass,  of 
lateral  disruptions  from  a  strong  current,  forced 
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along  a  wire  lying  on  the  face  of  the  glass. 
Rigorously  examined,  there  is  no  resemblance 
whatever  between  these  explosion-pictures  and 
the  electric  stratification.  Mr.  Grove,  to  whose 
lightest  opinions  every  consideration  is  due,  has 
recently  been  inclined  to  attribute  the  pheno- 
menon to  the  interaction  of  two  discharges  from 
the  induction  coil — one  of  the  currents  being  the 
true  induction  current,  and  the  other  an  extra 
current.  In  Dr.  Robinson's  more  recent  paper, 
however,  this  solution  appears  satisfactorily  dis- 
posed of  (^Philosophical  Magazine,  April,  1859), 
so  that,  in  so  far  as  this  goes,  we  are  as  much 
in  the  dark  as  ever.  A  recent  note,  by  MM. 
Quet  and  Seguin,  seems  to  have  advanced  one 
step.  They  have  modified  the  original  concep- 
tion of  M.  Morren,  and  given  experimental  proof 
of  its  reality,  as  thus  modified.  An  attenuated 
gas  being  simply  a  flexible  or  very  mobile  con- 
ductor, they  have  rightly  asked,  whether  similar 
stratifications  might  not  be  produced  experimen- 
tally, by  directing  the  current  through  imperfect 
and  mobile  conductors,  of  a  sort  that  would  leave 
traces  of  the  passage  of  the  current  in  a  visible 
form?  They  took  accordingly  a  plate  of  glass, 
narrow  and  of  some  length,  and  having  strewed 
it  over  with  charcoal  dust,  they  brought  an 
induced  current  to  act  at  its  extremities.  After 
the  discharge  had  continued  for  some  time,  the 
dust  arranged  itself  in  transversal  lines,  sepa- 
rated by  a  small  inter\-al, — presenting  an  ap- 
pearance entirely  analogous  to  the  stratifica- 
tions of  the  Electrical  Egg.  Precbely  the 
same  appearances  were  evolved  in  the  midst 
of  a  dark  or  smoky  flame,  such  as  that  from 
the  burning  oil  of  turpentine,  when  the  dis- 
charge passed  through  it.  Their  conclusion  is, 
that  these  stratifications  may  be  explained  by 
the  propagation  of  electricity  through  the  con- 
ducting dust,  causing  a  repulsion  between  tlie 
particles  of  the  dust.  "  The  foregoing  experi- 
ments," they  say,  "prove  that  gases  electrized 
are  subject  to  electric  attractions  and  repulsions, 
that  imperfectly  conducting  and  mobile  media 
are  disposed  by  these  electric  influences  into  beds 
of  different  densities,  and  that  this  disposition, 
giving  rise  to  differences  in  tension,  originates  the 
luminous  strata."  The  electric  influences  pass- 
ing through  an  attenuated  gas  thus  originate 
condensed  and  rarer  beds :  "  that  the  dilated 
beds  conducting  electricity  in  the  same  way  as 
is  done  by  the  metallic  particles  in  the  com- 
mon experiment  of  the  illuminated  sheet,— the 
two  fluids  acquire  on  both  sides  of  the  more 
imperfectly  conducting  beds  such  a  tension  as 
enables  electricity  to  traverse  them  under  the 
form  of  a  discharge,  and  therefore  to  illuminate 
them." — It  is  easy  to  see,  that  supposing  MM. 
Quet  and  Seguin  to  be  correct,  they  have  done 
little  more  than  produce  analogous  appearances. 
One  thing  alone  is  plain :  —  setting  aside  all  spe- 
cialties and  variations,  we  have  before  us  the 
fact,  that  the  current  passes  through  these  im- 
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perfect  and  mobile  conductors  in  such  a  way  that 
.•  successive  zones  become  cliarged  up  to  the 

point  of  disruption:  so  that  we  are  forced  on 
•ithe  difficult  inquiry, — in  what  manner  does  tlie 

■ "  mode  of  motion"  which  we  term  Electricity 
:  propagate  itself  through  such  conductors?  per- 
.  haps  also  on  the  still  more  general  one, — in  what 

manner  does  this  mode  pass  into  that  other  mode 

of  motion,  which  we  term  Light  ?  Inquiries  like 
;;  these  are  rapidly  coming  within  our  reach ;  and 
•\  while  indulging  in  all  Dr.  Robinson's  hopes,  we 

agree  with  him,  that  the  first  essential  step  must 
r'be  a  thorough  "  mathematical  investigation  of  a 
cicurrent's  motion  through  an  imperfect  conductor." 
Klecti'tGal  Images.  See  Images. 
Electrical  lUacIiiiie.  The  electrical  ma- 
i  chine  consists  of  a  circular  glass  plate  from  to 
of  an  inch  in  thickness,  and  the  diameter  of 
M  which  may  varj'  at  pleasure.  The  plate  is  tra- 
•  ;versed  at  its  centre  by  a  metallic  axis  fixed  solidly 
:to  the  glass.  This  axis  rests  on  two  wooden 
f supports  fixed  vertically;  and  is  so  placed  that 
iJthe  glass  plate  is  situated  between  the  two  sup- 
pports,  and  at  an  equal  distance  from  either.  A 
i  Jiandle  fixed  on  the  extremity  of  the  axis  serves 
:  to  give  a  rotatoiy  motion  to  the  plate.  The 
(.-greater  part  of  the  handle  is  made  of  glass  or 
ksome  very  bad  conductor  of  the  electric  influence. 


Two  pairs  of  horse-hair  cushions  are  made  to 
clasp,  the  one  the  upper,  and  the  other  the  lower 
part  of  the  plate;  cushions  which  by  their  elas- 
:  hcity  exert  a  considerable  pressure  on  the  plate. 
\  To  facilitate  the  liberation  of  electricity,  the  sur- 
'  face  of  the  leather  of  each  cushion  is  coated  with 
t  an  amalgam  of  zinc,  or  of  mosaic  gold  (deuto- 
sulphuret  of  tin).   Finally,  the  vitreous  electricity 
developed  on  turning  round  the  glass  plate  is 
collected  by  cylindrical  conductors  generally  of 
brass,  that,  with  theb  ends  near  the  plate,  are 
placed  honzontally  and  supported  on  glass  piUars 
attached  to  the  table.-In  this  machine,  the 
cushions  communicate  with  the  gro.md  by  means 
ot  the  wooden  supports  and  the  table :  sometimes 
a  metallic  cham  is  added  to  facilitate  this  com- 
munication: thus  the  negative  electricity  which 
they  acquire-as  the  positive  is  given  off  to  the 
conductor— passes  away  as  it  is  liberated :  should 
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wo  wish  to  collect  it,  the  cushions  themselves 
must  be  insulated  b}' glass  supports,  and  the  con- 
struction of  the  machine  slightly  modilied.  Both 
electricities,  or  any  one  of  them,  may  thus  be  mani- 
fested and  collected  by  means  of  this  machine. 
Formerly,  in  the  construction  of  electrical  ma- 
chines, glass  muffs  or  cylinders  were  employed, 
instead  of  circular  plates ;  but  although  very 
powerful  machines  of  the  cylindrical  sort  have 
been  constructed,  the  disc  or  plate  is  now  almost 
always  used. — The  power  of  the  plate  machine — 
other  things  being  equal — depends  on  the  size  of 
the  plate:  the  largest  ever  made  is  the  gigantic 
one  at  present  in  the  Panopticon  in  Leicester 
Square,  London,  constructed  after  the  designs  of 
Mr.  Marmadnke  Clarke,  of  a  plate  whose  dia- 
meter is  about  eleven  feet!  It  can  produce  effects 
rivalling  those  of  thunder. — The  electricitj'  given 
by  the  machine — as  contradistinguished  from 
that  of  the  battery — is  always  in  a  state  of  high 
tension. 

Electrical  Machine — Ariuslronsi's.  Hg- 

dro-Electric  Machine. — A  most  powerful  method 
of  obtaining  electricity  in  a  state  of  high  tension ; 
discovered  accidentally  by  a  workman  who  dis- 
cerned electric  sparks  emitted  by  a  locomotive 
engine;  reduced  to  practice  by  Mr.  Armstrong; 
and  subsequently  thoroughly  investigated  by 
Faraday.  The  electric  excitation  taking  effect 
when  steam  at  a  high  temperature  issues  from  a 
tube  attached  to  the  steam  boiler,  it  was  at  first 
imagined  that  the  singular  result  is  in  somehow 
connected  with  the  process  of  evaporation  or  va- 
porization ;  but  Mr.  Faraday,  by  a  series  of  per- 
fectly satisfactory  experiments,  has  shown  that 
this  change  of  state,  has  nothing  to  do  with  the 
matter.  It  is  purely  a  case  of  electricity  created 
hy  friction :  and  the  friction  is  the  violent  rubbing 
of  particles  of  water  (carried  rapidly  forward  by 
the  force  of  the  steam)  against  the  orifice  through 
which  they  issue.  Brg  steam  will  not  produce 
any  effect ;  nor  do  effects  follow  when  water  is 
mixed  with  any  saline  or  other  material  that 
converts  it  into  a  good  conductor.  The  particles 
of  other  liquids  carried  forward  with  the  same 
force,  produce  in  every  case  the  effects  which  we 
should  expect  from  them  employed  as  nibhers. 
Dry  air  produces  no  effect ;  hut  powders  of  differ- 
ent substances,  carried  by  a  stream  of  dry  air, 
also  evolve  the  electricity  natural  to  them  under 
friction. —  This  simple  explanation  grasps  the 
entire  case ;  and  suggests  many  forms  of  appara- 
tus. Mr.  Armstrong  has  made  a  very  effective 
one — of  an  insulated  steam  boiler,  with  openings 
conveniently  placed,  through  which  moist  steam, 
or  steam  carr3'ing  particles  of  pure  water,  may 
rush,  with  whatever  violence  is  desired.  The 
mouthpieces  of  the  issue  pipes  are  usually  of 
wood. 

Electrical  JTIaclijiic — RlinnikorflT's.  See 

Inductive  Electrical  Machine. 

ElcctrJciiy.  In  some  of  the  ancient  Greek 
writings  it  is  mentioned  as  a  then  well  known 
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fact,  that  when  a  piece  of  amber  is  sulijccted  to 
vigorous  IViction,  it  acquires  the  temporary 
power  of  attracting  liglit  bodies  from  a  distance. 
A  similar  property  appears  to  have  been  observed 
by  the  ancients  in  one  or  more  bodies  besides 
amber ;  but  tlie  fact  of  such  a  peculiar  develop- 
ment of  force  by  friction  is  stated  in  the  ancient 
writings  in  special  connection  with  the  latter 
substance,  probably  because  the  property  was 
first  observed  in  that  substance  and  most  gene- 
rally known  in  connection  with  it.  The  Greek 
name  of  amber  is  Electron,  and  hence  the  term 
Electricity,  a  term  that  has  been  universally 
adopted  as  the  name  of  that  peculiar  agency 
first  observed  in  rubbed  amber,  and  as  the  name 
also  of  the  science  of  that  agency.  The  gieat 
use  of  the  name  of  a  science  is  to  indicate  clearly 
the  subject  matter  of  the  science;  and  in  this 
respect  the  term  electricity  is  perhaps  as  good  as 
any  other  that  could  be  devised  even  in  the  pre- 
sent state  of  knowledge.  But  the  name  has  a 
great  additional  interest  to  the  student  of  nature 
from  its  historical  connections :  it  forms,  in  fact, 
a  pei-manent  memorial  of  the  smallness  of  those 
beginnings  from  which  this,  tlie  most  extensive 
of  the  physical  sciences,  has  sprung.  We  cannot 
attempt  to  give  in  this  article  even  the  briefest 
sketch  of  the  progress  of  electric  discovery.  We 
may  only  observe  that  Electricity  is  a  science  of 
purely  modern  growth.  Down  indeed  till  the 
17th  century,  the  science  made  no  real  advance 
beyond  the  fundamental  fact  already  stated,  if 
we  except  a  slight  extension  of  the  list  of  sub- 
stances excitable  in  the  same  way  as  amber. 
But  since  the  appearance  of  Gilbert's  work  on 
magnetism  in  the  year  1600  till  the  present  day, 
the  phenomena  of  electricity  have  been  studied 
very  closely  and  laboriously  by  many  eminent 
philosophers.  In  consequence  of  their  unwearied 
exertions,  directed  as  they  have  been  by  the 
sound  inductive  spirit  of  the  modem  philosophy, 
discovery  has  followed  discovery  in  rapid  succes- 
sion ;  new  and  wide  fields  of  inquiry  have  been 
successively  opened  up,  while  the  older  fields 
were  yet  evidently  unexplored ;  and  powerful 
means  of  further  discovery  have  been  permanently 
secured  from  time  to  time  bj'  the  invention  of 
new  scientific  instruments  and  the  perfecting  of 
the  old.  So  that  in  the  present  day,  the  science 
of  electricity  contains  a  very  large  and  varied 
body  of  most  interesting  physical  knowledge, 
and  is  replete  also  with  clear  illustrations  of  the 
principles,  methods,  and  resources  of  the  induc- 
rive  philosophy.  It  will  not  be  out  of  place  to 
make  now  a  brief  statement  or  two  in  recom- 
mendation of  the  study  of  this  branch  of  science. 
And  first,  if  we  look  into  the  records  of  the 
sciences,  we  observe  a  very  peculiar  feature  in 
the  case  of  electricity.  On  several  occasions  in 
the  course  of  discovery,  this  science  has  spoken 
for  itself  to  the  worid'  as  no  other  has.  By  the 
marvellous  nature  of  its  results  it  has  forced  the 
attention  even  of  the  most  ignorant,  and  roused 
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the  admiration  of  all.  Witness  the  simultaneous 
discoveries  of  the  Lcj  den  Phial  and  the  Electric 
shock.  Witness  also  the  astonishing  achieve 
mcnt  of  Franklin,  in  dra^ving  down  a  charge  of 
lightning  from  a  thunder-cloud,  taking  it  home 
with  him,  and  expeiimenting  upon  it  at  his 
leisure.  After  such  things,  Electricity  must  have 
taken  its  place  among  the  most  popular  and 
the  best  known  of  the  sciences.  Further,  if  we 
look  to  the  practical  applications  of  knowledge, 
electricity  holds  in  this  respect  a  very  high  place 
in  fact,  and  a  still  higher  in  legitimate  expecta- 
tion. The  Lightning-Conductor,  so  valuable  as 
a  means  of  preserving  life  and  propertj-;  the 
Electric  Telegraph,  so  widely  employed  already 
for  the  purpose  of  express;  and  the  Electro- 
Plating  processes,  so  useful  in  the  arts,  and  so 
conducive  to  the  comforts  and  elegancies  of  life : 
these  are  instances  of  what  electricity  has  done, 
and  earnests  of  what  it  may  have  yet  to  do.  So 
that  in  the  practical  view  electricity  takes  its 
place  among  the  most  valuable  of  the  sciences. 
But  in  conclusion,  we  cannot  see  the  full  impor- 
tance of  this  branch  of  physical  science,  till  we 
take  a  liberal  and  comprehensive  view  of  it,  as 
one  section  of  the  great  study  of  nature.  And 
in  this  respect,  the  singular  importance  of  elec- 
tricity appears  chiefly  in  the  closeness  and 
variety  of  those  relations  that  have  been  dis- 
covered between  the  electric  agency  and  the 
other  forces  of  nature.  It  is  now  clearly  estab- 
lished that  Electricity  is  intimately  connected 
with  Magnetism,  Light,  Heat,  the  chemical 
forces,  and  the  molecular  forces;  and  that,  in 
fact,  we  can  detect  the  presence  of  electricity 
either  as  cause  or  eflect  in  almost  every  physical 
action  which  is  accessible  to  us.  By  the  dis- 
covery of  such  relations  the  varied  phenomena 
of  nature  are  being  drawn  together  towards  a 
great  central  theory ;  and  if  the  hopes  of  philo- 
sophers are  to  be  realized  in  regard  to  one 
science  of  the  natxu-al  forces  that  will  embrace 
all  the  branches  of  mechanical  and  chemical 
knowledge  under  a  few  common  principles,  there 
can  be  no  doubt  that  electricity  will  be  the  prin- 
cipal guide  to  such  a  science,  and  will  hold  the 
principal  place  in  it.  These  remarks  are  suffi- 
cient for  our  present  purpose ;  and  we  may  now 
attempt  a  brief  statement  of  the  simpler  pheno- 
mena and  laws  of  electricity. 

In  treatises  upon  this  subject,  the  develop- 
ment of  an  attractive  power  in  amber  and 
other  bodies  by  friction  is  usually  the  fact 
first  mentioned ;  and  this  not  mcrelj'  because 
it  was  the  fact  first  discovered  in  electricity, 
but  because  it  is  in  itself  one  of  the  simplest 
facts,  and  the  most  easily  brought  out  in 
experiment.  We  can  develop  the  attractive 
power  very  easily  by  means  of  a  rod  or  tube  of 
connnon  glass.  Let  the  rod  be  Avell  dried,  which 
may  be  insured  by  heating  it ;  and  let  it  then 
be  vigorously  rubbed  with  a  dry  silk  handker- 
chief.   This  is  all  that  is  necessary  for  exciting 
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nor  elcctrif}  ing  the  rod  of  glass.    When  the 
t."experiraent  succeeds  best,  a  slight  crackling  may 
Nbe  heard  during  the  progress  of  the  friction. 
r<But  even  when  this  eft'ect  is  not  produced,  the 
I  electric  state  of  the  glass  may  be  made  manifest 
I  by  its  mechanical  actions ;  for  if  the  excited 
;  .part  of  the  rod  be  brought  near  to  any  veiy 
liJight  bodies,  such  as  bits  of  paper  or  barbs  of 
I  feathers,  the  bodies  will  fly  through  the  air  from 
;i  a  distance,  and  attach  themselves  to  the  surface 
I  of  the  rod.    The  attractive  power  of  the  glass 
.  idisappears  very  soon,  but  it  may  be  restored  by 
a  a  repetition  of  the  friction.    To  manifest  this 
amnd  other  mechanical  actions  of  electrified  bodies 
ian  a  convenient  way,  we  make  use  of  a  simple 
ajapparatus,  called  the  Electric  Pendulum,  which 
iiis  shown  in  the  adjoined  figure.    In  this  form 
of  electroscope,  the  light  bod}' 
employed  is  generally  a  pith 
ball,  one-fifth  or  one-fourth  of 
an  inch  in  diameter;  and  it  is 
attached  by  a  thread  or  fine 
wire  to  a  fixed  support,  which 
is  bent  into  such  a  form  as 
not  to  interfere  with  consider- 
able movements  of  the  ball. 
We  shall  suppose  that  the 
thread  is  a  film  of  raw  silk, 
siand  that  the  support  is  of  glass.    With  this 
>  simple  apparatus  we  can  easily  manifest  some  of 
•.  the  elementary  laws  of  the  electric  forces.  A 
:  glass  rod  is  excited  by  friction,  and  brought 
■near  the  ball  of  the  pendulum  in  the  same  hori- 
zontal plane  or  nearly  so :  the  force  is  imme- 
diately made  evident  by  the  attraction  of  the 
•ball,  and  the  consequent  displacement  of  the 
•.^thread  from  the  vertical  position.   If  the  excited 
r  rod  be  withdrawn  to  a  greater  distance  from  the 
■  pendulum,  the  thread  returns  towards  its  vertical 
position ;  showing  that  the  electric  attraction 
diminishes  as  the  distance  between  the  bodies  is 
augmented.  If  a  dry  pane  of  glass  be  interposed 
between  the  excited  rod  and  the  ball  of  the 
pendulum,  there  is  no  change  observed  in  the 
mechanical  action  of  the  rod  upon  the  ball; 
■  showing  that  the  electric  attraction  can  be  trans- 
r  mitted  through  solid  bodies  as  well  as  tln-ough 
j-i  air.    Further,  if  the  excited  rod  be  brought  so 
near  as  to  attract  the  pith  ball  up  to  contact 
with  itself,  we  obser\'e  that,  after  contact  for  an 
instant,  the  ball  falls  away  from  the  rod  into  its 
original  position,  and  even  beyond  it ;  and  if  the 
rod  be  now  made  to  approach'the  ball,  the  thread 
again  moves  from  the  vertical  position,  but  in 
such  a  direction  as  to  indicate  that  the  electric 
force  after  contact  is  repulsive.    It  will  be  easy 
to  obser\-e  in  this  case  that  the  pith  ball  itself  is 
now  charged  or  permanentlv  excited ;  for  if  the 
rod  be  altogether  withdrawn,  the  ball  will  now 
act  mechanically  upon  light  bodies  brought  near 
to  It,  m  precisely  the  same  wav  as  it  was  itself 
acted  on  by  the  excited  rod.    We  see,  therefore, 
that  when  the  electric  affection  has  been  dc- 
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velopcd  in  glass  by  friction,  it  can  be  transferred 
from  the  glass  to  another  bodj'  by  mere  contact; 
and  it  is  this  fact,  as  we  shall  soon  find,  which 
explains  the  change  of  the  electric  force  from 
attraction  before  contact  to  rcinilsion  after  con- 
tact. A  few  additional  statements  maj-  be  here 
made  in  regard  to  the  transference  of  electricity 
from  an  excited  or  charged  body  to  another 
body.  And  first  it  may  be  observed,  that  con- 
tact between  the  bodies  is  not  necessary.  An 
excited  glass  rod  will  part  with  more  or  less  of 
its  charge  to  another  body,  such  as  a  piece  of 
metal,  when  it  is  brought  very  near  it,  without 
actually  touching  it.  In  this  case  the  electricity 
gives  indications  of  its  passage  by  a  slight 
spark  between  the  bodies,  accompanied  by  a 
snapping  sound,  phenomena  which  are  identical 
in  their  nature  with  the  thunder  and  lightning 
of  the  atmosphere.  As  electricity  may  be  trans- 
ferred from  an  excited  glass  rod  to  another  body, 
so  it  may  be  transferred  from  the  latter  to  a 
third  body,  either  by  contact  or  spark.  We  are 
therefore  able  to  conduct  a  charge  from  one 
body  to  another  through  an  intennediate  body. 
Thus,  if  a  long  metallic  wire  be  suspended  by 
threads  of  silk,  and  if  one  end  of  the  wu'e  be 
electrified,  a  pith  ball  suspended  in  contact  with 
the  other  end  of  the  wire  will  be  immediately 
repelled  by  it ;  showing  that  the  electricity  has 
been  conducted  along  the  wire,  and  that  part  of 
it  has  been  transferred  to  the  pith  ball.  Here, 
however,  we  meet  with  a  remarkable  class  of 
distinctions  among  bodies.  If  a  rod  of  glass,  or 
a  rope  of  silk,  had  been  used  instead  of  the  wire 
in  the  last  experiment,  no  charge  would  have 
been  transmitted  to  the  pith  ball.  Glass  and 
silk  are  therefore  called  nonconductors,  while 
the  metals  and  other  bodies  that  act  similarly 
are  called  conductors.  For  further  information 
upon  this  pomt  see  the  article  upon  Conduction. 
The  facts  now  mentioned,  with  others  of  the 
same  class,  admit  of  important  experimental 
applications  in  the  Insiilaiion  of  conductors. 
Generally  a  conductor  is  insulated  when  it  is 
placed  in  such  relations  to  smTounding  matter 
that  a  charge  bestowed  upon  the  conductor  shall 
be  retained  by  it.  Arrangements  to  this  eflcct 
are  of  essential  importance  in  a  large  class  of 
electrical  experiments ;  and  they  are  very  simple, 
both  in  principle  and  practice.  We  insulate  a 
body  by  enveloping  it  upon  all  sides  with  non- 
conducting matter.  The  atmospheric  air  is  a 
good  nonconductor,  and  we  therefore  insulate 
a  conductor  when  we  suspend  it  in  air  by  a 
nonconducting  thread,  or  support  it  in  air  by  a 
nonconducting  rod.  But  the  insulation  in  such 
cases  will  be  rendered  very  imperfect  by  the  pre- 
sence of  moisture  to  any  great  extent  in  the  air ; 
for  water  is  a  very  good  conductor,  both  as  a 
liquid  and  as  a  vapour.  For  details  in  regard  to 
insulation,  and  the  dissipation  of  charges  from 
electrified  conductors  see  the  article  upon  Insula- 
tion. We  have  hitherto  considered  only  one  case 
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of  electrical  excitation,  that  of  glass  when  rubbed 
with  sillv.  We  may  now  take  up  another  case 
equally  simple,  that  of  a  stick  of  sealing  wax 
when  rubbed  with  woollen  cloth.  The  two  cases 
taken  together  will  give  a  simple  proof  of  the 
fundamental  fact,  that  there  are  two  distinct 
species  of  electricity.  It  has  been  already  stated, 
that  Avhen  the  insulated  ball  of  an  electric  pen- 
dulum has  been  attracted  up  to  contact  Avitli  an 
excited  rod  of  glass,  it  receives  a  charge  of  elec- 
tricity and  is  repelled  by  the  rod,  and  conducts 
itself  thereafter  in  the  same  way  as  the  rod  itself 
does,  attracting  generally  those  bodies  that  the 
rod  would  attract,  and  repelling  those  that  the 
rod  would  repel.  Excited  sealing  Avax  gives  pre- 
cisely the  same  results.  But  a  new  effect  is 
observed  when  we  charge  the  ball  of  the  pendu- 
lum by  contact  with  glass,  and  bring  an  excited 
stick  of  wax  near  to  it :  the  ball  in  fact  is  at- 
tracted by  the  wax,  instead  of  being  repelled  as 
it  would  be  by  excited  glass.  A  similarly  attrac- 
tive action  is  exerted  by  excited  glass  upon  a 
ball  that  has  been  previously  charged  by  contact 
with  excited  wax.  The  electricities  developed 
in  the  glass  and  in  the  wax  must  be  distinct  from 
each  other,  since  they  thus  exert  contrary'  actions 
in  similar  circumstances,  each  attracting  a  body 
that  would  be  repelled  by  the  other.  The  one 
electricity  is  called  the  Vitreous  or  Positive,  and 
the  other  the  Resinous  or  Negative.  In  another 
instructive  form  of  the  above  experiment,  we 
charge  one  pair  of  insulated  pith  balls  from 
excited  glass,  and  another  pair  from  excited 
wax,  and  observe  their  mutual  actions  when 
brought  near  each  other.  We  find  thus,  that 
similarly  charged  bodies  are  mutually  repelled, 
while  those  dissimilarly  charged  are  mutually 
attracted. — From  the  law  of  the  mechanical 
actions  now  stated,  we  derive  a  simple  method  of 
determining  the  species  of  electricity  with  which 
a  body  is  charged  in  any  actual  case.  Let  the 
insulated  ball  of  an  electric  pendulum  be  charged 
with  a  known  electricity,  either  Viti'eous  or  Ee- 
sinous  ;  and  let  the  body  which  we  wish  to  exa- 
mine be  brought  up  from  a  distance  towards  the 
ball.  Then  if  the  body  repel  the  ball,  it  has  a 
charge  similar  to  that  of  the  ball ;  and  if  it  at- 
tract the  ball,  it  is  either  dissimDarly  charged  or 
not  properly  charged  at  all.  The  former  action, 
that  is,  the  repulsive,  mny  be  depended  upon  in 
all  cases  as  indicating  tlie  existence  of  a  charge 
upon  the  body  similar  to  that  upon  the  ball. 
We  say,  therefore,  if  a  body  repel  the  ball  when 
vitreously  electrified,  that  the  body  is  also  vitre- 
ously  electrified.  Such  a  statement  cannot  bo 
understood  in  its  full  and  proper  import  without 
the  generalization  of  our  notions  in  relation  to 
the  two  electriciiies.  We  have  defined  the  Vitre- 
ous and  Kesinous  electricities,  as  those  which 
are  derived  from  the  excitation  of  glass  and 
sealing  wax  by  friction  with  silk  and  wool  re- 
spectively ;  and  we  suppose  that  the  test-bal)  of 
the  pendiUum  is  electrified  £i-om  either  of  these 
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sources.  If  we  now  obtain,  by  any  means,  a 
conductor  which  repels  the  ball,  we  say  that  this 
conductor  and  the  ball  are  similarly  electrified, 
that  is,  botli  \'itreously,  or  both  resinously.  And 
by  this  we  mean,  not  merely  that  the  ball  is 
mechanically  affected  by  the  new  charge  in  the 
same  way  as  it  would  have  been  afl'ected  by  a 
Vitreous  or  Resinous  charge,  according  to  the 
original  and  restricted  sense  of  these  terms ;  but 
also,  that  the  new  charge,  when  once  identified 
so  far,  say  Avith  what  we  have  called  the  Vitre- 
ous Electricity,  by  the  simple  determination  of 
its  mechanical  action  upon  the  ball  of  the  pendu- 
lum, may  be  now  identified  with  that  electricity 
in  all  respects.  In  other  terms,  every  actual 
charge  is  identifiable  in  all  its  properties,  either 
with  what  Ave  have  called  the  Vitreous  or  with 
what  we  have  called  the  Resinous  electidcity. 
And  this,  of  com-se,  is  the  only  adequate  reason 
for  the  unqualified  extension  of  the  terms  Vitre- 
ous and  Resinous  to  any  other  charges  besides 
those  which  have  been  obtained  by  the  excitation 
of  glass  and  sealing  wax.  The  two  electricities, 
as  already  stated,  are  called  also  Positive  and 
Negative,  the  Negative  being  the  Resinous. — In 
these  introductory  remarks,  there  is  only  another 
point  that  we  shall  refer  to,  that  is,  the  efi'ect  of 
the  mutual  contact  of  two  oppositely  electrified 
conductors.  The  best  way  of  exhibiting  the 
eflfect  is  to  allow  the  two  conductors,  say  tvvo 
pith  balls,  to  attract  one  another  up  to  mutual 
contact.  At  the  instant  of  contact  there  is  an 
evident  modification  of  the  electric  forces.  The 
two  bodies  fall  away  from  each  other;  and 
thereafter  they  either  repel  one  another,  or  exert 
no  mutual  action  at  all.  The  opposite  electrici- 
ties appear  to  have  united  and  destroyed  eacU 
other  wholly  or  partially  at  the  time  of  contact 
A  similar  annihilation  of  the  electric  forces  may 
be  effected  by  bringing  the  two  bodies  into  con- 
tact with  a  third  conductor.  The  conductor 
opens  a  path  to  the  two  charges,  and  fulfils  the 
function  of  a  mutual  contact  of  the  bodies. 
These  facts,  along  with  those  alread}'  stated  under 
the  head  of  Conduction,  will  give  an  elementary 
conception  of  Electricity  in  Motion.  Contrasted 
with,  other  facts,  they  suggest  a  simple,  though 
not  a  perfect  division  of  electric  science  into  two 
branches,  Electro-Statics  and  Electro- Dynamics. 
In  the  former  of  these  branches  we  study  the 
various  phenomena  that  are  presented  by  station- 
ary charges  of  electricity ;  and  in  connection  with 
these  phenomena  we  study  also  tlie  laws  of  the 
development  and  disappearance  of  charges,  or  in 
other  tenns,  the  laws  of  excitation  and  discharge. 
In  Electro-Dynamics,  which  is  now  much  the 
more  extensive  branch  of  the  science,  we  con- 
sider the  phenomena  of  electricity  in  motion,  or 
the  laws  of  discharge  in  general,  and  more  espe- 
cially the  laws  of  continuous  discharge  or  of 
electric  currents ;  and  here  also  we  meet  a  special 
and  important  class  of  facts  in  regard  to  flie  ex- 
citation of  electi-icity.    In  the  present  article  we 
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>  hall  take  up  the  principal  points  of  Electro- 
■Jtatics  as  briefly  as  possible,  i-efcrring  the  reader 
I'  0  various  subordinate  articles  for  additional  in- 
[.-orraation. 

1.  Of  Excitation  we  have  had  already  two  in- 
t  tanccs,  in  the  friction  of  glass  mth  silk,  and  in 
;  hat  of  resin  with  wool  or  fur.  We  have  detected 
nd  compared  the  charges  which  are  developed 
a  those  cases  upon  the  glass  and  the  resin,  and 
re  have  taken  them  as  the  standard  representa- 
;  ives  of  the  two  electricities;  but  we  have  not  yet 
\xamined  the  electric  state  of  the  rubber  in  either 
_-ase.    The  examination  may  be  simply  effected 
;.  y  wrapping  a  silk  handkerchief  round  a  non- 
1  :onducting  rod,  and  then  rubbing  it  with  a  tube 
;  f  glass.    By  this  action  the  glass  will  be  posi- 
!  ively  electrified,  as  we  know ;  and  if  the  silk  be 
Nxamined  by  the  action  of  the  electric  pendulum, 
:  r  other  similar  means,  it  is  found  to  be  also  elec- 
nfied,  but  negatively.    A  similar  examination 
f  f  the  second  case  woidd  show,  that  when 
:>2sin  is  negatively  electiified  by  friction,  its  rub- 
cer  is  also  electrified,  but  positively.  These  facts 
rere  suggestive  of  a  law  of  excitation,  which  is 
muni  to  be  universal,  that  when  one  of  the  elec- 
"dcities  is  evolved  by  any  means,  the  other  is 
■  volved  by  the  same  means  along  with  it.  Ex- 
':.;nding  now  our  inquiry  upon  excitation  by  fric- 
:on  to  other  substances  besides  glass  and  resin, 
nd  their  rubbers,  we  can  hardly  find  any  couple 
'  f  bodies  that  are  incapable  of  being  electrified 
r  y  a  properly  managed  fiiction  of  the  one  against 
!  16  other.    In  the  infancy  of  electric  science, 
lany  bodies,  including  all  the  metals,  were  un- 
arstood  to  be  unexcitable  by  friction,  and  they 
■ere  therefore  called  Anelectrics  or  Nonelectrics, 
I  distinction  fi.-om  the  excitable  class,  which 
I -ere  called  Electrics  or  Idioelectrics.    This  was 
"  rior  to  the  discovery  of  the  electric  conductive 
'  owers  of  bodies — a  discovery  that  completely 
•  tplained  the  appearance  of  unexcitability  pre- 
!  ;nted  by  the  metals  and  some  other  substances, 
i'  arod  of  uron,  for  example,  be  held  in  the  hand, 
id  rubbed  with  woollen  cloth  or  any  other  sub- 
ance,  it  ivill  remain  perfectly  unexcited.  But, 
membering  the  high  conductive  powers  of  the 
etals,  we  explain  the  absence  of  charge  after 
iction,  in  this  case,  by  supposmg  that  the  elec- 
icity,  as  soon  as  it  is  developed,  is  conducted 
i-vay  from  the  metal,  through  the  hand  and 
'  )dy  of  the  operator,  into  the  ground.    To  test 
1  e  truth  of  this  explanation,  we  have  only  to 
sulate  the  metal  m  relation  to  the  hand  that 
stains  it.    We  may  attach  it  firmly,  for  in- 
mce,  to  a  glass  handle,  and  hold  it  by  the 
indle.    In  these  circumstances,  the  metal  con- 
icts  Itself  under  friction  as  an  Idioelectric,  re- 
iving a  sensible  charge,  and  retaining  it  for 
me  time,  just  as  a  rod  of  glass  would.    By  the 
(option  of  precautions  similar  to  the  above,  in 
her  cases  that  require  it,  we  find  that  all  bodies, 
xept  the  gases,  appear  to  be  capable  of  elcc- 
izaUon  by  friction,  though  in  very  difiercnt 
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degrees.    There  is  one  class  of  eases,  however, 
that  presents  great  difiiculty — that  is,  when  tiie 
two  bodies  employed  are  both  good  conductors. 
It  is  only  in  special  forms  of  experiment  that  we 
can  obtain  any  sensible  charge  in  such  cases ; 
and  this  might  have  been  expected.  Still, 
though  we  cannot  obtain  a  sensible  charge,  we 
have  satisfactory  evidence  otherwise  of  the  de- 
velopment of  the  electricities  by  friction.   In  ex- 
tending the  assertion  of  excitability,  as  we  have 
done,  to  all  bodies  except  the  gases,  we  have  in- 
cluded, of  course,  the  liquids.    These  are  excit- 
able, both  by  mutual  friction  and  by  friction 
against  solids.    Of  the  latter  case,  we  have  a 
good  instance  in  Armstrong's  Hydro-Electric 
Machine,  in  which  the  rubber  is  water  in  the 
form  of  small  drops.    The  drops  are  suspended 
m  a  rapid  current  of  steam,  and  are  driven  along 
with  it  thi-Qugh  an  irregular  channel  of  wood, 
against  the  sides  and  projections  of  which  they 
are  poweifully  dashed  and  rubbed  by  the  force  of 
the  steam.    By  the  friction  thus  accomplished, 
both  the  wood  and  the  steam  are  electrified,  and 
the  electricities  are  easily  collected.   The  Hydro- 
electric machine  appears  to  be  the  most  powerful 
instrument  of  excitation  that  we  yet  possess. 
The  simple  apparatus  represented  m  the  adjacent 
figure  may  be  usefully  employed  in  illustration 
of  the  laws  of  excitation.    The  discs  are  formed 
of  glass,  wood,  resin,  or  any  other 
substances,  the  same  or  dififerent, 
and  they  ai-e  both  fui-nished  with 
insulating  handles.   We  can  change 
the  nature  of  either  of  the  rubbed 
surfaces  at  pleasure,  by  covering 
the  face  of  one  of  the  discs  firmly 
with  different  kinds  of  cloth  or 
paper,  or  by  coating  it  with  varnish 
or  other  similar  substances.  In 
every  variety  of  experiment  thus 
obtained,  we  find  that  when,  by  the  mutual 
friction  of  the  discs,  one  of  them  is  positively 
electrified,  the  other  is  at  the  same  time  nega- 
tively electrified.    We  find  also  that  the  two 
opposite  charges,  which  are  simultaneously  de- 
veloped, are  in  every  case  equal  to  each  other. 
This  equality  we  infer  from  the  perfect  equality 
of  the  mechanical  actions  of  the  discs  upon  the 
uisulated  ball  of  a  pendulum,  and  still  more 
surely  from  the  neutralization  of  the  electric  ac- 
tions of  the  discs  upon  all  external  bodies  when 
the  excited  faces  are  placed  in  mutual  contact. 
We  find  also  that  the  quantities  of  the  opposite 
electricities  which  are  developed  in  any  case  of 
excitation,  leave  no  free  electricity  when  they 
unite  in  discharge ;  and  hence  we  derive  the  im- 
portant law,  which  is  found  to  be  universal,  that 
the  quantities  of  opposite  electricities  whicli  are 
neutralized  in  discharge  are  equal  to  each  other. 
— When  two  bodies,  then,  arc  subjected  to  mu- 
tual friction,  they  are  oppositely  and  equally  elec- 
trified.    But,  can  we  certainly  foresee  which 
body  of  a  given  couple  shall  be  positively  elcctri- 
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fied,  and  -which  negatively  ?  This  question  leads 
lis  to  a  branch  of  the  subject  that  has  been  very 
thoroughly  studied.  And  first,  it  appears  that 
llio  determination  of  a  particular  electricity — say 
the  positive— to  one  clement  rather  than  the 
otlier  of  a  rubbed  couple  is  dependent,  to  a  great 
extent,  upon  tlie  nature  of  the  bodies.  We  have  had 
proofs  of  tliis  fact  already,  in  glass  and  silk  as 
one  couple,  and  in  resin  and  woollen  cloth  as 
another.  In  these  and  some  other  instances  it  is 
barely  if  at  all  possible,  to  change  the  final  dis- 
position of  the  electricities  upon  the  two  bodies  by 
any  variation  of  the  circumstances  of  the  experi- 
ment. If  we  now  form  a  number  of  couples,  and 
observe  the  positive  and  negative  body  in  each, 
it  will  appear  that  the  relation  between  the  ele- 
ments of  a  couple,  as  positive  and  negative,  is 
still  preserved  when  the  bodies  are  coupled  sepa- 
rately with  other  bodies.  It  is  evident,  there- 
fore, that  bodies  may  be  tabulated  in  the  order  of 
their  positive,  or  negative  tendencies,  when  sub- 
jected to  friction;  and  such  tables  are  accordingly 
given  in  the  elementary  works  on  Electricity.  If 
any  two  bodies  contained  in  such  a  tabic  be 
rubbed  against  each  other,  the  one  which  is  far- 
thest on,  say  in  the  table,  is  always  negatively 
electrified.  The  following  table  is  one  that  is 
generally  adopted : — Fur  of  a  cat,  polished  glass, 
woollen  cloth,  feathers,  wood,  paper,  silk,  gum-lac, 
rough  glass.  It  is  not  to  be  supposed,  however, 
that  the  facts  will  constantly  come  out  in  accord- 
ance with  the  arrangement  of  bodies  nowindicated. 
Very  slight  changes  in  the  circumstances  of  the  ex- 
periment are  often  sutficient  for  the  inversion  of  the 
electricities  on  the  two  bodies  after  friction.  And 
we  have  now  to  notice,  therefore,  some  of  the 
circumstances,  besides  the  nature  of  the  rubbed 
bodies,  which  affect  the  determination  of  a  parti- 
cular electricity  to  a  particular  element  of  the 
couple.  The  stale  of  the  surfaces  of  the  couple  is 
one  of  these  circumstances.  Thus,  polished  glass 
is  a.  highly  positive  body,  while  rough  glass  is 
highly  negative.  Two  ribbons,  again,  which 
consist  of  the  same  stutT;  but  which  are  of  difl'er- 
ent  colours — the  one  white  and  the  other  black- 
are  strongly  electrified  by  mutual  friction — the 
black  being  always  negative.  These  are  instances 
of  the  influence  which  the  state  of  the  rubbed 
surface  exerts  upon  the  phenomena  of  excitation, 
and  they  arc  cases  of  what  appears  to  be  a  uni- 
versal Law— that,  by  roughening  or  blackening 
the  surface  of  a  body,  we  render  the  body  more 
highly  negative— that  is,  more  susceptible  of 
being  negatively  electrilied  by  friction  against 
other  bodies.  The.  proportion  of  theimrts  rubbed 
of  the  two  surfaces  is  another  important  element. 
Two  ribbons,  for  example,  are  electrified  by 
mutual  friction,  though  they  are  similar  to  eacli 
other  in  every  respect,  Avhcn  the  one  is  rubbed 
longitudinally  across  tlie  other.  The  latter  is 
always  negatively  electrified;  and,  in  general, 
when  tlie  frictional  action  is  concentrated  more  upon 
one  of  the  surfaces  than  upon  the  other,  the  ten 
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dency  of  the  former  surface,  in  virtue  of  the  un- 
equal distribution  of  tlie  friction,  is  ahvays  ne- 
gative.   Another  important  circumstance  is  the 
relation  of  the  two  bodies  rubbed  in  regard  to 
temperature.    When  we  subject  two  perfectly 
similar  bodies  to  mutual  friction  symmetrically 
there  is  no  excitation  produced ;  but  the  result  is 
ditferent  if  one  of  the  bodies  has  been  heated  be- 
fore tlie  friction;  the  bodies,  in  fact,  are  now 
electrified  after  friction,  the  heated  body  being 
negative.    We  find,  also,  as  we  should  expect, 
that  if  we  take  any  couple  of  electrics,  and  heat 
the  positive  body  before  friction,  the  amount  of 
electricity  now  excited  by  a  giv^en  amount  of 
friction  is  less  than  formerly ;  the  positive  body, 
in  fact,  has  become  more  negative  or  less  positive 
by  the  increase  of  its  temperature,  and  the  couple 
has  been  to  that  extent  weakened.     And  in 
many  cases,  where  the  positive  body  can  stand 
a  sulficient  increase  of  temperature,  we  are  able 
actually,  by  changing  the  temperature,  to  reverse 
the  relation  of  the  two  bodies  as  positive  and 
negative,  and  to  obtain  considerable  charges  in 
the  other  direction.    While  we  restrict  ourselves 
to  charges  of  sensitive  intensity.  Friction  is, 
practically,  the  most  important  cause  of  excita- 
tion; but  there  are  two  other  causes — pressure 
and  heat — that  may  not  be  altogether  overlooked. 
Two  bodies  may  be  sensibly  electrified  by  a  mere 
pressure  of  the  one  against  the  other.    This  is 
true  of  the  most  of  bodies,  but  the  phenomena 
are  presented  very  remarkably  by  some  crj'stal- 
line  and  laminated  structures.    Calcareous  spar, 
arragonite,  mica,  topaz,  and  some  other  bodies, 
are  very  sensibly  electrified  by  pressure  for  an 
instant  between  the  fingers,  and  the  electricity 
thus  developed  is  retained  by  the  bodies  in  sen- 
sible intensity  for  hours,  and  even  sometimes  for 
several  days.    In  the  case  of  excitation  by  pres- 
sure, as  in  that  due  to  friction,  the  bodies  of  any 
couple  have  definite  and  pretty  constant  relations 
to  each  other,  as  the  one  positive  and  the  other 
negative,  and  these  relations  are  afiected  in  the 
same  way  in  both  cases  hy  an  miequal  distribu- 
tion of  heat  between  the  bodies,  and  by  a  differ- 
ence of  polish  in  the  surfaces.    Considering  the 
important  part  that  heat  pla,ys  in  excitation,  we 
might  expect  that  the  agency  of  heat  alone  would 
be  sufficient,  in  favourable  circumstances,  for  the 
development  of  electricity,  and  this  is  actually 
found  to  be  the  case.    The  electrifying  action  of 
heat  has  been  specially  studied,  as  exhibited  by 
the  tourmaline— a  crystal  that  we  obtain  chiefly 
from  Ceylon.   When  the  temperature  of  a  tour- 
maline is  either  increasing  or  diminishing  within 
two  definite  limits,  the  crystal  is  found  to  be  elec- 
trified positively  at  one  extremitj',  and  negatively 
at  tlie  other.    When  tlie  heating  or  the  cooling 
is  eflccted  rapidly,  the  intensity  of  the  electrici- 
ties evolved  is  very  considerable,  as  appears  by 
the  attraction  of  light  bodies  from  a  distance  to 
tlie  surface  of  the  crystal.    If  a  tourmaline  has 
been  retained  for  some  time  at  any  constant  tem- 
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pcrnfure,  it  gives  no  electric  signs ;  but  when  wo  !  cylinders  are  connected  by  a  rod  of  metal  at  their 
add  or  subtract  heat,  the  electric  poles  begin  ends,  remote  from  the  plate,  and  the  one  piece  of 


:  immediately  to  appear,  and  remain  active  till  we 
'reach  either  of  the  limiting  temperatures.    It  is 
I  i  remarkable  fact  that  the  disposition  of  poles 
;  for  increasing  temperatures  is  contrary  to  that 
;for  diminishing  temperatures;  so  that,  if  the 
courmaline  is  regularly  heated  to  a  certain  point, 
;  ind  then  regularly  cooled,  the  electricities  first 
:  lisappear  at  the  extreme  temperature,  or  shortly 
l  ifter  it,  and  finally  reappear  at  the  ends  of  the 
-crystal,  hanng  changed  places.   There  are  many 
-crystals  which  are  now  linown  to  possess  electric 
■"iroperties  analogous  to  those  of  the  tourmaline; 
jut  we  will  not  enter  further  into  the  subject  at 
►roresent. — In  electrical  experiment  it  is  very  fre- 
;  luently  necessary  to  obtain  powerful  charges, 
L  md  the  best  means  to  this  effect  have  been  con- 
joined in  that  important  instrument,  the  Electric 
Hilachrae.   The  most  common  form  of  the  instru- 
nment  is  that  represented  in  the  article  Electeical 
IUIachine.  It  consists  of  several  parts,  which  we 
cmay  describe  in  connection  with  their  separate 
inunctions  of  excitation,  collection,  and  insulation. 
Rrhe  means  of  excitation  are — first,  a  glass  plate 
livhich  is  turned  round  a  fixed  horizontal  axis  by 
nmeans  of  a  handle  attached  to  it ;  and  secondly, 
.  I  pair  of  rubbers  which  are  kept  in  contact  with 
•ie  two  surfaces  of  the  plate  above  its  centre,  and 
;i  pair  similarly  disposed  below  the  centre.  The 
•ubbers  consist  of  leathern  surfaces  coated  with 
in  amalgam,  and  both  pairs  are  attached  to  the 
rertical  support  of  the  axle  of  the  plate,  and,  by 
neans  of  interposed  cushions,  are  pressed  con- 
stantly against  the  moving  surfaces  of  the  glass. 
•  SVhen  the  plate  is  well  dried,  and  the  amalgam 
)f  the  rubbers  fresh,  the  turning  of  the  plate  will 
>  powerfully  excite  both  the  glass  and  the  cushions, 
•;he  former  positively.    The  next  part  of  the  ap- 
ioaratus  is  that  by  which  we  collect  and  accumu- 
late the  electricity  thus  excited.    Two  conduct- 
.ng  rods,  in  the  form  of  hollow  metallic  cylinders, 
ue  fixed  in  positions  parallel  to  the  axle,  and 
'  «th  their  ends  near  the  extremities  of  the  hori- 
tontal  diameter  of  the  plate.  From  each  of  these 
mds  proceed  two  metallic  arms  towards  the  centre 
if  the  plate,  on  opposite  sides  of  the  plate,  and 
:lose  to  its  surface.    The  surfaces  of  the  arms 
'  vhich  face  the  plate  are  furnished  with  points, 
i  vhich  favour  the  desired  effect,  as  we  shall  after- 
I  i.vards  see,  although  they  are  not  necessary  to  it. 
'  .t  is  e\'ident  that  when  we  work  the  machine  by 
■urning  the  plate,  the  part  of  the  glass  surface 
vhich  has  been  excited  by  friction  against  either 
>f  the  rubbers  comes  immediately  under  the  in- 
luence  of  the  metallic  arms,  and  parts  with  its 
ilectncity  to  the  conducting  cylinders.    In  the 
nachine  represented  m  the  figure,  the  electiicity 
ixcited  upon  the  rubber  is  conducted  away  into 
he  ground,  as  its  accumulation  on  the  rubbers 
TOuld  put  a  stop  to  the  process  of  excitation ; 
)ut  in  other  forms  of  the  machine  the  two  elec- 
ricities  are  both  collected.    Further,  the  two 


conducting  matter  thus  formed  is  called  the 
Prime  Conductor  of  the  machine.  The  third 
part  of  the  appai-atus  is  for  insulation,  or  for 
effecting  the  retention  of  the  charge  upon  the 
Prime  Conductor.  This  function  is  fulfilled  by 
the  insulating  power  of  the  glass  rods  that  sup- 
port the  Prime  Conductor.  The  apparatus  no^v 
described  is  a  very  important  instrument  of 
science.  It  enables  us  to  exhibit  the  properties 
of  stationary  charges  in  a  much  more  convenient 
and  clearer  manner  than  we  could  do  by  the  ele- 
mentary methods  of  excitation,  with  glass  rods 
or  sticlcs  of  wax ;  but  it  is  especially  valuable  in 
experiments  upon  the  communication  of  electri- 
city, and  upon  the  various  effects  of  discharge. 

2.  We  may  now  attend  to  the  phenomena  of 
Induction.  In  the  adjacent  figure,  b  represents 
an  insulated  metallic  cylinder,  which  has  several 
pairs  of  pith  balls,  attached  by  conducting 
threads  to  different  points  of  its  surface.  The 
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cylinder  being  uncharged,  let  an  electrified  ball, 
A,  be  brought  up  towards  one  of  its  extremities. 
We  know  that  if  the  distance  between  b  and  a 
be  sufficiently  small,  the  electricity  of  a  will  be 
partly  transferred  to  b,  by  discharge  through  the 
air.  But,  before  the  distance  has  been  thus  far 
diminished,  there  is  a  sensible  development  of 
electricity  m  b.  The  pith  balls  of  several  pau's 
in  the  above  an-angement  are  seen  to  diverge 
from  one  another,  and  the  divergence  increases  as 
A  approaches— showing  that  the  pith  balls  and 
the  cylmder  to  which  they  are  attached  are  elec- 
tiified,  without  discharge,  by  the  mere  neighbom*- 
hood  of  a.  In  this  simple  experiment  it  is  ob- 
served, further,  that  the  electiicity  is  developed 
in  greatest  mtensity  at  the  extremities  of  b,  and 
that  there  is  no  sensible  development  about  the 
middle  of  the  cylinder.  If  the  electrified  ball,  a, 
be  now  withdrawn,  the  pith  balls  collapse,  and 
the  cylinder  loses  all  traces  of  charge.  Here 
then  we  have  a  method  of  developing  electricity 
which  is  in  remarkable  contrast  with  the  two 
methods  already  noticed — excitation  and  com- 
mimication ;  for  the  charges  developed  by  the 
latter  methods  in  insulated  conductors  are,  in 
every  case,  persistent  or  self-sustaining,  when 
the  originating  agency  has  been  suspended.  TJiis 
remarkable  property  of  the  charges  induced  in 
insulated  conductors  is  explained,  as  we  might 
have  expected,  by  the  fact  that  the  inductive 
action  of  a  develops  in  b,  not  merely  one  electri- 
city, but  equal  quantities  of  the  two  electricities. 
This  fact  is  easily  proved  by  observation.  Let 
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an  insulated  pith  ball  be  charged  by  contact 
with  A,  and  let  it  be  brought  near  the  balls  of  b 
when  they  are  diverging  under  the  inductive 
action  of  a.  It  will  be  seen  that  the  pith  ball 
attracts  those  balls  of  b  which  are  at  the  extre- 
mity next  to  A,  and  repels  those  which  are  far- 
thest from  A.  The  cylinder  is  therefore  oppo- 
sitely electrified  at  its  two  extremities  by  the 
influence  of  A,  and  the  charge  similar  to  that 
upon  A  is  at  tlie  extremity  remote  from  a.  The 
two  electricities  appear  also,  as  already  stated,  to 
diminish  in  intensity  as  we  proceed  from  the  ex- 
tremities of  B  towards  the  middle,  where  there 
are  no  electric  signs  at  all.  These  facts  are 
equally  well  proved  without  the  attachment  of 
pith  balls  or  other  electroscopes  to  the  cylinder. 
By  means  of  the  Proof  Plane — a  very  small 
metallic  disc  attached  to  a  long  insulating 
handle^we  can  di'aw  small  charges  from  differ- 
ent parts  of  the  surface  of  b  by  contact,  and 
then  we  can  test  the  species  and  intensity  of  the 
charge  upon  the  Proof  Plane  by  means  of  an 
electroscope.  It  can  be  proved  further,  by  direct 
observation,  that  the  opposite  charges  developed 
in  B  are  equal  to  each  other ;  but  this  appears 
to  be  sufficiently  proved  by  the  fact,  that  when 
A  is  withdrawn,  tlie  two  chai-ges  on  b  are  mutu- 
ally destroyed.  Suppose  now,  that  while  b  is 
under  the  inductive  influence  of  a,  we  uninsulate 
B,  or  connect  it  with  the  ground,  the  charge 
upon  B  that  is  remote  from  a,  or  similar  to  that 
upon  A,  immediately  disappears ;  and  if,  after 
this,  we  first  insulate  b,  and  then  withdraw  the 
body  A,  we  find  that  b  is  charged,  and  with  an 
electricity  opposite  to  that  upon  a.  This  result 
may  be  explained  by  a  reference  to  our  original 
arrangement  of  pith  balls  in  connection  with  b  ; 
for  when  b  is  uninsulated,  it  is  connected  with 
the  conducting  mass  of  the  earth,  just  as  one  of 
the  pith  balls  is  comiected  in  the  original  arrange- 
ment with  the  mass  b.  And,  more  particularly, 
the  relation  between  b,  when  uninsulated,  and 
the  immensely  greater  conducting  body  of  the 
eai'th,  is  precisely  similar  to  the  relation  between 
ii  when  insulated,  and  the  smaller  conducting 
mass  of  a  pith  ball  attached  to  the  end  of  b  that 
is  next  to  a  ;  so  that,  as  the  pith  ball  will  be 
charged  with  one  electricitj'  in  the  latter  case, 
the  cylinder  b  will  be  similarly  charged  in  the 
former,  and  will  retain  its  charge  when  it  is  de- 
tached from  the  earth  by  insulation. — Hitherto 
the  charge  upon  a  has  been  considered  as  merely 
acting  inductively  upon  b  ;  but  this  is  not  an 
adequate  view  of  the  electric  relations  of  the  two 
bodies.  The  mducing  charge  is  itself  affected 
inductively  by  the  electricity  which  it  develops 
and  sustains  in  b.  It  is  affected,  not  ui  the  way 
of  loss  or  gain  of  electricity  upon  the  whole,  but 
in  the  way  of  distribution.  If  we  examine  dif- 
ferent points  of  the  siu-face  of  a  by  means  of  a 
proof  plane  and  an  electrometer,  we  find  that  the 
intensity  of  the  electricity  on  the  parts  of  the 
surface  wliich  are  next  to  B  is  much  greater  than 
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on  the  parts  remote ;  so  that,  as  the  charge  of  a 
attracts  the  opposite  electricity  in  b  towards  a, 
the  latter  attracts  the  opposite  charge  of  a 
towards  b.  If  we  now  consider  the  case  of  two 
insulated  conductors,  which  are  both  electrified, 
and  brought  near  to  each  other,  we  can  express 

their  mutual  inductive  actions  in  these  terms  

that  the  opposite  electricities  are  mutually  at- 
tracted, and  the  similar  electricities  mutually  re- 
pelled. Eeferring  to  our  original  arrangement 
of  the  ball  a  and  the  cylinder  b,  suppose  the  two 
bodies  to  be  insulated  and  similarly  electrified. 
Then,  if  a  be  brought  up  towards  one  extremity 
of  B,  the  pith  balls  at  that  extremity  will  col- 
lapse, and  those  at  the  other  extremity  will  have 
their  divergence  increased — showing  that  the 
electricity  of  A  repels  the  similar  electricity  of 
the  other  body.  If  b  had  been  oppositely  elec- 
trified, its  charge  would  have  been  attracted  or 
determined  with  greater  intensity  towards  the 
parts  of  the  surface  adjacent  to  a.  And  in  both 
cases,  and  indeed  in  all  cases,  the  action  of  the 
charge  of  b  upon  a  is  precisely  similar  to  that 
of  the  charge  of  A  upon  b.  It  maybe  now  easily 
understood  that  an  insulated  conductor  which  is 
electrified,  say  positively,  may  have  a  distribu- 
tion of  negative  electricity  induced  over  a  certain 
portion  of  its  surface,  and  this  whether  the  induc- 
ing charge  be  positive  or  negative.  Suppose 
that  the  inducing  charge  is  positive,  and  much 
greater  than  the  charge  upon  the  body  examined, 
then  the  first  effect  of  induction  wiU  be  a  diminu- 
tion of  the  intensity  upon  the  parts  of  the  body 
adjacent  to  the  inducing  charge,  with  a  corres- 
ponding increase  of  intensity  on  the  parts  re- 
mote. As  the  bodies  approximate  this  effect 
increases,  until  the  positive  electricity  is  entirely 
repelled  from  one  part  of  the  surface ;  and  upon 
this  part  the  negative  electricity  will  be  elicited 
if  the  distance  between  the  bodies  be  still  dimi- 
nished.— The  precise  consideration  of  the  laws  of 
induction  cannot  be  here  attempted ;  but  it  may 
be  stated  that,  in  every  attainable  system  of 
inductive  actions,  the  two  electi  icities  appear  to 
conduct  themselves  as  Ufo  material  fluids,  which 
are  self-repulsive  and  mutually  attractive  with 
forces,  varj-ing  inversely  as  the  square  of  the 
distance,  and  directly  as  the  product  of  the  fluid 
masses.  And  we  include  in  this  statement  the 
case  of  uncharged  conductors  by  assuming,  as 
the  phenomena  compel  us  to  assume,  that  every 
insulated  conductor  possesses  an  unlimited  fund 
of  the  two  electricities;  and  that  these  electrici- 
ties, though  mutually  neutralized  and  inactive, 
are  yet  subject  to  the  attractive  and  repulsive  i 
actions  of  induction,  just  as  free  charges  are.  i 
Suppose  now  that  we  have  a  system  of  conduc-  j 
tors  placed  near  one  another,  and  that  one  or  i 
more  are  electrified.  The  wliole  system  wiU  im- 
mediately fall  into  a  particular  electric  state. 
Each  conductor  wiU  have  a  stationary  distribu- 
tion of  one  or  both  electricities  upon  its  surface — 
a  distribution  sustauied  by  the  inductive  actions  I 
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Fig.  4. 


>f  all  the  clinrges,  original  and  imluced,  throngli- 
.)Ut  the  sj-steni.    And  it  is  evident,  from  the 
I  tbove  statement  of  the  law  of  induction,  that 
he  question  of  the  distribution   of  electricity 
n  such  a  system  is  just  a  question  of  equilibrium 
I  )f  fluids,  which  are  subjected  to  definite  forces, 
I  ittractive  and  repulsive.    This  forms  one  of  the 
:>rincipal  subjects  of  investigation  in  the  Mathe 
'  natical  Theory  of  Electricity.    The  adjacent 
iiagram  represents  a  simple  experimental  ar- 
a;angement  which  we  owe  to  Faraday,  and  which 
;  5  of  great  value  for  the  simplicity  and  clearness 
ii/ith  which  it  brings  out  some  important  prin- 
ciples of  inductive  action.    The  vessel  a  is  an 
insulated  pewter  ice-pail,  about 
a  foot  in  height.   It  is  connected 
by  a  wire  with  a  delicate  electro- 
meter, E.    c  is  a  metallic  ball, 
insulated  by  a  silk  thread  three 
or  four  feet  in  length.    If  the 
ball,  c,  be  charged  and  let  down 
into  A,  as  in  the  figure,  the  elec- 
troscope, E,  will  at  once  diverge 
with  a  charge  similar  to  that 
upon  c.    This  effect  the  reader 
will  understand  from  what  pre- 
>i'des.    If  c  be  positively  charged,  the  negative 
tvectricity  will  be  attracted  to  the  interior  sur- 
c-.ce  of  A,  and  the  positive  will  be  repelled  to 
Kie  exterior  surface,  and  still  more  strongly  to 
leie  remote  body,  e.    As  the  ball  enters  a,  the 
'■•vergence  of  the  electroscope  will  increase  till 
;-is  several  inches  below  the  edge  of  the  vessel, 
I'hd  it  wiU  then  remain  constant  for  all  lower 
i-bsitions  of  c.    From  this  we  infer,  that  in 
lose  lower  positions  the  entire  inductive  action 
the  ball's  charge  is  exerted  upon  the  inner 
rirface  of  a,  whUe,  in  the  higher  positions, 
nrt  of  that  action  is  spent  upon  internal  con- 
1  ictors.    Of  course,  we  here  speak  of  the  induc- 
1  ve  action  as  it  is  sensible/  manifested  by  its 
feet  upon  the  electroscope.    It  may  now  be 
t  iderstood  that  a  charged  conductor,  placed  in 
'  e  middle  of  a  large  room,  and  apart  from  other 
:  nductors,  will  yet  perform  its  inductive  func- 
I  m  as  comjiletely  as  if  it  were  in  the  circum- 
1  inces  of  the  ball',  c ;  for  the  place  of  a  will  be 
I  pplied  by  the  walls  of  the  room,  which  will 
I  -erefore  be  electrified  with  a  charge  opposite  to 
1.  at  of  the  conductor,  and  equal  to  it,  as  we  shall 
t  3  immediately.    When  the  ball  c  is  suspended 
the  vessel  at  a  sufficient  distance  to  prevent 
scharge,  the  vessel  a,  and  its  attached  electro- 
:)pe,  have  no  excess  of  either  electricity.  This 
ay  be  proved  by  withdrawing  c  from  "the  ves- 
I,  when  E  will  collapse  perfectly  if  the  appa- 
tus  is  in  good  order.    When  c  is  suspended  in 
e  vessel,  the  divergence  of  e  is  therefore  a 
«asure  of  the  charge  induced  upon  the  inner 
rface  of  A  ;  and  if  c  touch  the  interior  surface 
A,  and  communicate  its  charge  to  the  vessel 
d  the  electroscope,  the  divergence  of  e  will  be 
measure  of  the  original  charge  of  the  ball. 
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But  the  divergence  of  e  is  absolutely  iincliangcd 
by  internal  discharge  between  c  and  a  ;  and 
hence  Faraday  infers,  from  direct  experiment, 
that  "  the  electricity  induced  by  c  and  the  elec- 
tricity in  c  are  accurately  equal  in  amount  and 
power."  For  developments  upon  this  subject, 
into  which  we  cannot  enter,  the  reader  is  referred 
to  Faraday's  Experimental  Researches,  vol.  ii., 
page  280.  The  most  important  additions  that 
have  been  made  to  Electro-Statics  in  recent  times 
are  contained  in  the  discoveries  of  Faraday, 
and  in  his  peculiar  views,  with  regard  to  the 
nature  of  inductive  action.  For  information  upon 
these  points,  consult  the  article  on  Induction  ; 
see  also  Electroscope  and  Electeophokus, 
for  simple  applications  of  the  principles  above 
stated. 

3.  We  may  now  consider  the  laws  of  the 
Electric  Forces.    We  have  seen  that  similarly 
charged  bodies  repel  one  another,  while  those 
oppositely  charged  attract ;  and  also,  that  excited 
electrics  attract  uncharged  bodies  which  are  con- 
ductors, a  case  that  is  evidently  reducible  by  the 
principles  of  induction  to  that  of  charged  bodies. 
It  should  be  obsen^ed  in  passing,  that  these  at- 
tractions and  repulsions  are  quite  distinct,  in  fact, 
from  what  we  have  called  the  attractions  and  re- 
pulsions of  the  electricities  in  our  statement  of  the 
laws  of  induction.    The  experimental  investiga- 
tion of  the  laws  of  the  electric  forces  was  a  work 
of  gi-eat  difficulty ;  and  Coulomb  had  the  high 
merit  of  commencing  and  completing  it.  The 
chief  instrumental  means  that  he  employed  in 
this  work  was  the  Balance  of  Torsion,  a  fine  ap- 
paratus of  his  own  invention,  whose  general  form 
and  piinciple  we  need  not  here  describe,  as  a 
separate  article  has  been  devoted  to  it.  When 
the  Torsion  Balance  is  formed  especially  for 
electric  experiment,  the  lever  or  needle  suspended 
by  the  torsion  thread  is  a  slight  rod  of  noncon- 
ducting matter,  bearing  at  one  end  a  small  and 
light-conducting  sphere.    The  other  electrified 
body,  or  the  carrier,  is  in  the  simplest  case  a 
similar  conducting  sphere ;  and  it  is  attached  to 
a  long  insulating  stem  by  which  we  introduce  it 
through  an  opening  in  the  glass  case  into  the 
zero-position  of  the  fi:rst  sphere.    To  determine, 
by  means  of  this  apparatus,  the  relation  between 
the  electric  force  and  the  mutual  distance  of  the 
bodies,  the  carrymg  ball  is  charged  and  intro- 
duced into  its  proper  position,  when  it  shares  its 
charge  with  the  other  ball  and  repels  it  to  a  cer- 
tain distance.    At  this  distance  the  force  of  tor- 
sion is  evidently  equal  to  the  electric  repulsion. 
By  causing  the  force  of  torsion  to  take  various 
definite  values,  as  we  can  do  at  pleasure,  we  are 
able  to  keep  the  moveable  ball  in  equilibrium  at 
various  measurable  distances  from  the  fixed  ball; 
and  this  while  the  two  charges  are  sensibly  con- 
stant.    And  then  by  comparing  the  different 
forces  of  torsion  with  the  corresponding  distances 
of  the  balls,  we  find  that  the  mutual  repukion  of 
the  balls  is  inversely  proportional  to  the  square 
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of  tlicir  distance.  The  attractive  force  of  the 
two  balls  when  oppositely  charged  is  found  to 
obey  the  same  law.  This  case  is  managed  by 
first  charging  the  moveable  ball  and  removing  it 
by  the  torsion  force  to  some  distance  from  its 
zero-position,  and  then  charging  the  carrier  with 
the  opposite  electricity  and  putting  it  into  posi- 
tion in  the  apparatus,  and  observing  the  simul- 
taneous values  of  the  torsion  force  and  the  dis- 
t.mce  as  in  the  former  case.  For  determining, 
further,  the  relation  between  the  electric  force  and 
the  quantities  of  electricity  upon  the  balls,  we 
Tnust  be  able  first  of  all  to  obtain  isolated  charges 
which  are  quantitatively  related  to  one  another 
in  a  perfectly  definite  way ;  for  otherwise  we  can 
institute  no  comparison  between  different  forces 
and  the  corresponding  charges.  To  obtain 
charges  thus  related  to  one  another,  Coulomb 
adopted  a  very  simple  method.  He  took  two 
perfectly  similar  conducting  balls,  of  which  one 
was  charged  and  the  other  not :  he  placed  these 
in  contact  with  one  another ;  and  he  took  it  as  an 
axiom  that  after  separation  the  balls  were  equally 
charged,  and  each  therefore  charged  with  half  the 
cjuantity  of  electricity  originally  possessed  by  the 
one.  In  this  way  several  submultiples  of  a  given 
charge  could  be  obtained  and  experimentally 
compared  in  the  Torsion  Balance.  Suppose  that 
the  two  balls  in  the  balance  were  charged  and  in 
position,  and  that  the  torsion  force  and  the  dis- 
tance of  the  balls  were  noted;  that  then  the 
carrj'ing  ball  were  withdrawn  and  put  in  con- 
tact with  a  perfectly  similar  and  equal  uncharged 
ball,  and  finally  restored  to  its  position  in  the 
apparatus.  The  force  of  torsion  that  would  be 
now  required  to  preserve  the  original  distance  of 
the  balls  would  be  less  than  fomerly,  the  repul- 
sion of  the  balls  having  diminished.  The  charge 
upon  the  carrier  might  be  again  halved  by  a 
similar  process :  the  charge  upon  the  moveable 
ball  might  be  also  subdivided  at  pleasure ;  and 
the  subdivisions  of  both  charges  might  be  con- 
ducted in  any  order,  separately  or  together.  In 
this  way,  and  by  a  great  number  and  variety  of 
experiments.  Coulomb  proved,  that  the  attractive 
and  repulsive  forces  of  the  balls  vary  as  the  pro- 
duct of  their  charges.  The  laws  above  stated 
may  be  simply  expressed  in  one  mathematical 
formula.  Let  r  and  q  be  the  charges  upon  two 
small  spheres,  d  the  distance  between  the  centres 
of  the  spheres,  and  F  the  attractive  or  repulsive 


force :  then  f  = 
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We  can  even  include  in 


this  formula  the  directions  of  the  forces  as  attrac- 
tive or  repulsive,  if  we  agree  to  affect  all  vitreous 
charges  vnth  the  sign  and  all  resinous  charges 
with  the  sign  — ;  for  on  this  understanding,  all 
positive  values  of  f  derived  from  the  formula 
will  indicate  repulsions,  and  all  negative  values 
attractions  Such  are  the  simple  laws  which 
regulate  the  attractions  and  repulsions  of  small 
charged  balls,  or  of  charged  points,  if  we  may  so 
speak.    Resting  as  these  laws  do  upon  rigorous 
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experimental  grounds,  they  have  been  universally 
adopted  as  first  principles  by  the  cultivators  of 
the  mathematical  theory.   They  have  been  ques- 
tioned, however,  in  recent  times,  especially  by  Sir 
W.  Snow  Harris,  who  has  attempted  an  experi- 
mental revision  of  this  and  other  elementary 
points  in  the  theory  of  electricity.    The  results 
which  he  obtained  were  certainly  such  as  to  throw 
some  doubt  at  first  upon  the  recognized  laws  of 
the  electric  forces ;  but  it  is  now  understood  by 
those  familiar  with  the  subject,  that  the  results 
of  Coulomb's  labours  have  been  absolutely  un- 
touched, if  not  rather  confirmed.    The  reader 
who  desires  full  information  upon  these  points 
may  consult  a  paper  by  Professor  W.  Thomson, 
in  the  Philosophical  Magazine  for  July,  1854. 
It  will  be  evident  that,  within  certain  limits,  the 
method  of  experimental  inquiry  described  above 
might  be  still  followed,  though  the  electrified 
bodies  were  of  various  forms  and  magnitudes. 
But  there  is  another  method,  which  we  owe  still 
to  Coulomb,  and  which  may  be  followed  in  cases 
that  would  be  unmanageable  by  the  method  of 
torsion.     If  one  of  the  electrified  bodies,  foi 
example,  were  very  much  greater  than  the  other, 
the  smaller  body  might  be  attached  to  the  end  of 
a  light  nonconducting  lever  and  made  to  oscil- 
late round  a  fixed  point  in  front  of  the  ]arg< 
body.    The  electric  attraction  in  this  case  wouk 
supply  the  place  of  gravitation  in  the  common 
pendulum  ;  and  the  values  of  the  attraction  fo: 
dififerent  distances  of  the  bodies  would  be  proper 
tional,  according  to  the  law  of  the  pendulum,  u 
the  squares  of  the  number  of  oscillations  per 
formed  in  a  given  time  at  those  distances.  B; 
varjing  the  distance,  and  observing  the  numbe 
of  oscUlations  performed  in  a  given  time,  w 
could  therefore  approximate  to  the  law  of  th 
force  in  any  given  case.    It  should  be  observeMi 
that  this  method  of  oscillations  was  also  ema 
ploj'cd  by  Coulomb  for  the  direct  confirmation 
those  fmidamcntal  results  already  described 
obtained  by  the  method  of  torsion.    As  the  fin 
result  then  of  these  experimental  researches 
Coulomb,  we  have  obtained  a  general  mathi 
matical  formula  of  great  simplicity,  whii 
expresses  the  entire  law  of  the  electric  fore 
in    the  fundamental    case   of   two  chaig( 
points.     And  in  more  complex  cases  mar 
accurate   numerical    results    have  been 
tained,  which  are  of  use  not  for  suggestii 
a  general  mathematical  expression  of  the  la 
the  case  of  given  conductors,  b 


and  upon  the  laws  of  indu 


of  force  ui 

for  testing  and  confirming  the  results  of 
simple  mathematical  theory  founded  upon  I 

P  Q 

equation  f  =  

tion  and  distribution.  For  some  developmer 
upon  these  points  see  a  subsequent  article  co 
cerning  Images,  Electrical.  We  should  i 
leave  this  subject  without  referring  to  the  di» 
pation  of  electricity  from  the  charged  bodifts 
the  course  of  experiment.  In  the  researches 
260 
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alomb  and  of  those  who  have  followed  in  his 
■ps,  this  was  found  to  be  a  most  important  ele- 
lent.    It  is  in  fact  very  evident,  that  in  virtue 
f  the  dissipation  the  charges  experimented  on 
ill  be  continually  changing  in  quantity,  and 
lis  independently  of  the  will  of  the  operator. 
Without  entering  into  details,  it  may  be  stated 
Kit  Coulomb  certainly  and  completely  overcame 
lis  difficulty  in  his  researches,  partly  by  pre- 
iting  the  dissipation  as  ftir  as  possible,  and 
leafter  by  taiiing  fully  into  account  the  effects 
the  dissipation  that  remained. 
4.  We  may  now  consider  briefly  the  Bistribu- 
un  of  electricity  upon  conductors.    It  is  a  fun- 
imental  proposition  in  this  branch  of  the  subject, 
lat  a  charge  bestowed  upon  an  insulated  con- 
ictor  is  distributed  wholly  over  its  external 
ufuce,  and  not  in  any  degree  throughout  its 
liiass  or  over  interior  surfaces.    We  exclude,  of 
nurse,  the  case  of  an  interior  surface  which 
iMvelops  a  charged  and  insulated  body,  a  case 
^leU  exemplified  in  Faraday's  arrangement  of  the 
e  e  pail  A  and  the  enclosed  carrier  c.    In  proof 
■  the  proposition  that  we  have  now  stated  some 
ririlcing  experiments  might  be  adduced.  The 
ipparatus  employed  in  one  of  these  is  represented 
the  adjacent  cut    It  consists  of  an  insulated 
conducting  sphere,  and 
two  hemispherical  con- 
ducting shells  which 
are  attached  to  insulat- 
ing handles.  The  shells 
fit  accurately  to  the 
surface  of  the  sphere, 
so  as  to  envelop  the 
itehere,  in  contact  with  it  and  with  one  another, 
"i/hen  we  charge  the  sphere  and  then  cover  it  with 
:ie  hemispherical  shells,  we  find  that  the  surface 
t  the  latter,  that  is,  the  external  surface  of  the 
h  hole  conducting  mass,  is  now  electrified.  And 
!ill  more,  when  the  shells  are  withdrawn  by  their 
■isulating  handles,  we  find  that  they  are  sepa- 
itely  electrified,  and  that  the  sphere  is  perfectly 
charged,  presenting  no  trace  of  its  original 
■  ectricity.    This  is  a  clear  proof  that  the  charge 
tas  distributed  wholly  over  the  external  surface. 
1  further  illustration  take  a  hollow  metallic 
B'linder,  such  as  the  ice  pail  a  in  the  diagram 
woon  induction.  Let  such  a  conductor  be  charged, 
*d  let  the  electric  state  of  its  various  parts  be 
*8ted  by  the  proof  plane.    It  will  be  found  that 
le  proof  plane  receives  a  sensible  charge  from 
ny  point  of  the  external  surface,  but  none  what- 
'er  from  a  point  of  the  interior  surface ;  a  clear 
•oof  that  the  electricity  is  distributed  in  accord- 
wee  with  the  proposition.    Like  results  may  be 
Wtained  with  perforated  shells  of  conducting 
leatter,  whatever  be  the  forms  of  the  shells,  pro- 
Med  they  have  closed  or  neariy  closed  surfaces, 
•he  figure  represents  one  of  the  curious  arrange- 
■lents  which  Faraday  has  made  in  illustration  of 
•lis  subject.    A  conical  bag  of  muslin  has  its 


Fig.  8. 


«outh  bounded  by  a  metallic  ring  which  is  sup- 
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ported  by  an  insulating  stem.  A  silk  thread  at- 
tached to  the  apex  of  the  cone  passes  through  the 
ring.  When  we  charge  the  ring  and  the  bag  and 
employ  the  proof  plane,  we  find  no  trace  of 
electricity  upon  the  interior 
surface  of  the  muslui,  whUe  we 
receive  considerable  charges 
from  its  outer  surface.  By 
drawing  the  thread  we  turn 
the  cone  inside  out,  and  we 
find  that  the  entire  charge 
has  changed  surfaces,  the 
inner  surface  being  stUl  desti- 
tute of  electricity.  As  a 
last  illustration :  if  we  dig  a  small  and  sharp 
cavity  in  a  spherical  or  other  conductor  and  then 
charge  the  conductor,  we  find  that  the  proof 
plane  takes  no  charge  whatever  from  the  bottom 
or  the  sides  of  the  ca^^[ty.  From  these  and  other 
instances  we  conclude,  that  when  a  charge  is 
bestowed  upon  any  connected  body  of  conducting 
matter,  it  is  distributed  wholly  over  the  external 
surface,  and  not  in  any  degree  through  the  inte- 
rior of  the  mass,  or  even  upon  surfaces  that  are 
properly  internal  or  enveloped.  In  all  further  ques- 
tions therefore  about  the  distribution  of  charges, 
we  can  have  respect  only  to  the  electric  intensi- 
ties at  the  various  points  of  conducting  surfaces. 
The  general  question  of  distribution  has  been 
so  far  stated  and  answered  in  our  remarks  upon 
induction.  The  general  statement  there  made 
may  be  now  repeated  and  explained,  and  so  far 
proved:  that  in  all  inductive  and  distributive 
actions  the  two  electricities  conduct  themselves  as 
if  they  were  self-repulsive  and  mutually  attractive 
with  forces  varying  inversely  as  the  square  of 
the  distance  and  directly  as  the  product  of  the  quan- 
tities of  electricity.  It  must  be  noticed  that  in 
this  statement  we  extend  the  assertion  of  a  self- 
repulsive  force  both  to  the  mutual  actions  of 
similar  charges  and  to  the  action  of  every  single 
charge  upon  itself.  When  conductors  of  certain 
forms^  are  insulated  and  electrified,  the  simplest 
examination  is  sufficient  to  show  that  the  charges 
are  not  uniformly  distributed.  If  the  conductor, 
for  example,  be  a  long  cylinder  with  hemispheri- 
cal ends,  the  attraction  of  light  bodies  will  be 
evidently  tmce  as  powerful  at  the  ends  as  at  the 
middle  of  the  cylinder  ^  a  result  that  indicates  a 
greater  accumulation  of  electricity  at  the  ends 
than  at  the  middle.  But  a  much  more  accurate 
method  of  investigation  than  this  is  required  for 
the  true  determination  of  the  distribution  in  any 
case ;  and  Coulomb  supplied  such  a  method  by 
means  of  the  Torsion  Balance  and  the  Proof 
Plane.  When  the  Proof  Plane  is  put  in  contact 
with  any  part  of  an  electrified  conducting  surface, 
it  becomes  electrically  an  element  of  the  surface ; 
and  when  it  is  removed  it  retains  a  charge  equal 
to  the  quantity  of  electricity  resident  upon  the 
element  that  was  covered  by  the  proof  plane. 
By  successively  discharging  the  proof  plane,  and 
applying  it  to  different  points  of  the  given  sur- 
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face,  we  obtain  a  series  of  small  charges  which 
liave  this  definite  relation  to  one  another,  that 
they  are  the  quantities  of  electricity  resident 
upon  equal  superficial  elements  in  the  gi\'en 
distribution.  Now  the  natural  measure  of  the 
electric  intensity  at  any  point  of  a  charged 
surface  is  just  the  quantity  of  electricity  resident 
upon  a  given  and  very  small  superficial  element 
situated  at  the  point  in  question ;  so  that  by 
means  of  the  proof  plane  we  can  exhibit  the 
various  electric  intensities  of  any  particular  dis- 
tribution in  the  form  of  isolated  charges  that 
can  be  quantitatively  compared  with  one  another 
apart  from  all  disturbing  actions  by  means  of 
tlie  Torsion  Balance.  This  is  the  simple  theory 
of  the  employment  of  the  Proof  Plane  in  the 
experimental  study  of  the  laws  of  distribution. 
The  theoiy  of  the  employment  of  the  Torsion 
Balance  in  this  investigation  is  equally  simple. 
The  proof  plane,  when  charged  by  contact  with 
the  surface,  is  introduced  to  the  position  of  the 
fixed  ball  of  the  balance,  where  it  attracts  the 
moveable  ball  and  gives  it,  as  we  otherwise 
know,  a  constant  proportion  of  its  own  charge, 
and  then  repels  it  to  a  certain  distance.  By 
giving  a  proper  value  to  the  force  of  torsion  we 
can  keep  the  balls  at  any  assigned  distance  from 
each  other.  When  the  torsion  force  which 
corresponds  to  the  assigned  distance  is  noted, 
the  proof  plane  is  withdrawn  and  applied  to 
another  point  of  the  surface,  and  the  moveable 
ball  is  perfectly  discharged.  The  experiment  is 
repeated  in  the  same  form  for  the  new  point  of 
application  of  the  proof  plane,  and  the  force  of 
torsion  for  the  same  distance  as  before  is  deter- 
mined. The  process  may  be  repeated  for  any 
other  points  of  the  charged  surface.  Now  since 
the  distances  between  the  two  small  charged 
bodies  in  the  balance  are  the  same  in  the  several 
experiments,  the  torsion  forces  which  have  been 
determmed  are  simply  proportional  to  the  pro- 
ducts of  the  charges  upon  the  two  bodies.  But 
these  products  are  proportional  to  the  squares  of 
the  original  charges  upon  the  proof  plane,  since 
the  latter  body  gives  a  constant  proportion  of  its 
charge  to  the  ball.  And  the  charges  drawn  from 
the  surface  by  the  proof  plane  are  therefore  pro- 
portional to  the  square  roots  of  the  observed 
forces  of  torsion.  By  the  simple  calculations 
thus  indicated,  we  can  determine  accurately  the 
original  charges  of  the  proof  plane  and  the  elec- 
tric intensities  which  are  measured  by  them.  It 
should  be  noticed,  however,  that  the  results  thus 
obtained  require  correction,  because  of  the  gi-adual 
dissipation  of  the  given  charge.  It  is  evident 
that  two  successive  contacts  of  the  proof  plane 
cannot  give  the  simultaneous  intensities  at  the 
points  examined,  for  the  charge  of  the  conductor 
diminishes  in  some  degree  during  the  mter\'al 
between  the  contacts.  The  serious  difficulty 
thus  arising  was  met  successfully  by  Coulomb 
in  his  researches  upon  this  subject.  He  deter- 
mined the  laws  of  the  dissipation,  and  coiTCCted 
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his  results  accordingly.  The  mode  of  correction 
that  he  generally  adopted  in  his  experiments  is 
worthy  of  special  notice  for  its  rigour  and  sim- 
plicity. The  electric  intensity  at  one  point  of 
the  surface  was  determined  by  a  single  observa- 
tion with  the  proof  plane  and  the  balance. 
After  the  shortest  possible  interval  of  time,  the 
intensity  at  a  second  point  of  the  surface  was 
similarly  determined ;  and  after  an  equal  interval 
the  intensity  at  the  first  point  was  again  observed. 
The  second  result  and  the  arithmetical  mean  of 
the  first  and  last  results  were  then  taken  as  the 
accurately  simultaneous  intensities  at  the  points 
examined.  When  greater  accuracy  was  desired, 
the  mean  of  a  greater  number  of  results  was  taken ; 
for  in  this  way  the  unavoidable  errors  of  sepa- 
rate experiments  had  their  influence  upon  the 
final  result  eliminated  or  greatly  diminished. 
By  the  method  of  investigation  that  we  have 
now  described,  every  actual  case  of  distribution 
may  be  subjected  to  rigorous  examination.  A 
few  of  the  simpler  facts  observed  in  regard  to 
distribution  may  be  now  stated.  Upon  an  in- 
sulated conducting  sphere  the  distribution  of  a, 
charge  is  uniform,  subject  always,  however,  to 
unlimited  variations  in  virtue  of  inductive 
actions  from  without.  Upon  a  prolate  spheroid 
the  intensity  of  the  electricity  at  the  poles 
exceeds  that  at  the  equator.  The  converse  holds 
in  the  case  of  an  oblate  spheroid.  In  general, 
the  distribution  of  a  charge  upon  a  conducting 
surface  approaches  to  or  departs  from  imiformity 
according  as  the  form  of  the  charged  surface 
approaches  to  or  departs  from  perfect  rovmdness, 
and  the  electricity  is  always  distributed  with 
greatest  intensity  at  the  extremities  of  the  great- 
est dimension.  One  case  of  distribution  may  be 
here  quoted  from  Delarive's  work  on  Electricity. 
An  insulated  cj'linder,  2  inches  in  diameter 
and  33  in  length,  terminated  by  hemispherical 
surfaces,  was  charged  and  examined  by  Coulomb's 
method.  The  values  of  the  intensity  at  the 
middle  of  the  cyUnder,  at  ten  inches  from  the 
extremity,  and  at  the  extremity,  were  found  to 
be  as  100,  125,  and  230.  The  electric  intensity 
at  any  point  of  a  charged  surface  depends,  as  we 
have  seen,  upon  the  general  form  of  the  surface 
and  upon  the  position  of  the  point  m  the  surface. 
It  depends  also,  and, essentially,  upon  the  value 
of  the  curvature  in  the  immediate  neighbourhood 
of  the  point  in  question.  The  greater  the  curva- 
ture at  any  point  the  greater  is  the  intensity  if 
other  tilings  are  equal.  And  so  powerful  is  ibis 
influence  of  cur\-ature,  that  if  a  conducting 
surface  be  formed  with  very  sharp  and  prominent 
edges,  angles,  or  points,  it  will  be  impossible  to 
retain  any  charge  upon  the  body  ;  for  tlie  inten-r 
sities  at  the  salient  parts  of  the  surface  rise  to 
the  limiting  value  of  discharge  through  the  ai?, 
and  this  while  there  is  hardly  a  sensible  charge 
upon  the  body  as  a  whole.  The  two  influences 
that  we  have*  mentioned,  that  of  the  distant  parts 
of  tlie  surface,  and  that  of  the  curs'ature  at  the 
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Milt  in  question,  may  be  so  combined  tliat  the 
'  shall  annul  the  other.  An  angle,  or  point, 
1  example,  however  sharp  and  promment,  will 
ive  no  discharging  influence  if  it  be  so  enveloped 
V  other  distant  parts  of  the  body  as  to  be  con- 
lerably  internal  in  relation  to  the  entire  con- 
ucting  surface.  These  and  other  fads  lead  us 
>  the  conclusion,  that  every  insulated  charge 
issesses  a  propertj'  which  is  equivalent  to  a 
ivce  of  self-repulsion  or  expansion.  For  a  view 
the  evidence  by  which  our  former  statement 
'  the  quantitative  law  of  this  force  is  supported, 
e  may  refer  the  reader  to  the  article  entitled 
OBCES,  Electkic.  Some  important  results  are 
itained  when  two  insulated  conductors  are 
aced  in  contact  with  each  other,  so  as  to  pre- 
nt  one  conducting  surface.  When  a  surface  of 
-  kind  is  charged,  it  is  observed  that  the  law 
distribution  depends  only  on  the  fwras  and 
iigniiudes  of  the  two  bodies,  provided  they  are 
ith  good  conductors.  Whether  the  two  bodies 
■nsist  of  the  same  or  of  different  kinds  of  con- 
icting  matter,  and  whether  both  bodies  be  solid 
the  one  be  solid  and  the  other  hollow  even  to 
e  utmost  thinness  actually  attainable,  the  dis- 
ibution  is  sensibly  the  same  for  the  same  forms 
id  magnitudes  of  the  two  bodies.  And  hence 
^  e  draw  the  important  inference,  that  there  is 
)  electrical  relation  among  the  different  kinds 
i  matter  analogous  to  that  of  specific  capacity 
r  heat  One  of  the  most  interesting  cases  of 
tstribution  is  that  upon  two  spheres  which  are 
c  contact  with  each  other.  This  case  was  expe- 
Btnentally  studied  by  Coulomb  with  great  accu- 
cjcy.  It  was  afterwards  taken  up  by  Poisson 
I  his  developments  of  the  mathematical  theory ; 
iid  the  several  quantitative  results  that  he 
Wtained  coincided  so  closely  with  those  of  Cou- 
ib  as  to  confirm  verj'  powerfully  both  the  first 
brinciples  of  the  theory  and  the  difficult  mathe- 
itatical  processes  founded  upon  them. 
'5.  Before  proceeding  to  the  subject  of  dis- 
*wrge,  we  may  attend  briefly  to  the  laws  of 
fsgvised  electricity,  and  to  the  principles  of  the 
tethods  usually  adopted  for  the  accumulation  of 
iiarges.  We  have  seen  that  when  two  insulated 
lid  electrified  conductors  are  put  in  contact  with 
bch  other,  they  share  the  given  charge  between 
tern  in  a  proportion  depending  upon  the  forms 
ad  magnitudes  of  the  surfaces.  In  these  cir- 
unstances,  the  portion  of  the  total  charge  that 
received  by  one  of  the  conducting  surfaces  in- 
leaaes  as  the  magnitude  of  that  surface  increases 
■  .tively  to  that  of  the  other  surface,  though 
It  exactly  in  the  same  ratio.  In  much  the 
rme  way,  if  an  electric  machine,  or  electropho- 
8,  or  other  active  source  of  electricity,  be  put 
connection  with  an  msulated  conductor,  it 
ill  give  a  charge  to  it  very  nearly  proportional 
the  magnitude  of  the  conducting  surface. 
:>ence  the  simplest  way  of  obtaining  increasing 
••larges  from  a  given  source,  say  from  a  given 
^iachine  kept  at  a  given  rate  of  work,  is  to  in- 
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crease,  or  to  virtually  increase,  the  surface  of  the 
Prime  Conductor.  This  was  done  by  Volta,  in 
his  mvention  of  the  Secondary  Conductors,  which 
are  nothing  more  than  a  system  of  well  insulated 
conducting  cylinders,  which  have  their  extremi- 
ties rounded  to  prevent  the  rapid  dissipation  of 
the  charge.  When  these  cylinders  are  placed  in 
connection  with  the  prime  conductor  and  with 
one  another,  they  present  a  large  conducting  sur- 
face to  the  source,  and  receive  a  charge  propor- 
tionally great.  This  method  of  accumulation  is 
subject  to  grave  inconveniences  in  practice,  as  it 
often  requires  an  unmanageable  extent  of  con- 
ducting surface,  and  is  always  attended  with  a 
rapid  loss  of  the  charge  by  dissipation  in  the  air. 
The  other  method,  now  to  be  described,  is  free  to 
a  great  extent  from  such  inconveniences,  besides 
possessing  the  advantage  of  an  actual  accumula- 
tion independent  of  an  increase  of  surface.  We 
know  that  a  chai-ge  of  any  desired  intensity  may 
be  developed  and  sustained  in  an  uninsulated  con- 
ductor. All  that  is  necessary  to  this  effect  is, 
that  another  conductor  be  insiilated  and  charged 
and  brought  into  the  neighbourhood  of  the  for- 
mer, but  not  into  conducting  connection  with  it. 
The  opposite  electricity  of  the  uninsulated  conduc- 
tor is  at  once  attracted,  and  the  other  electricity  is 
repelled  into  the  ground.  The  distribution  of 
the  inducing  charge  is  also  affected,  a  greater 
portion  of  the  charge  being  now  determined  to 
that  part  of  the  suiface  that  is  adjacent  to  the 
uninsulated  body.  Suppose  now  that  the  charged 
conductor  is  in  permanent  connection  with  the 
prime  conductor  of  the  machine,  and  electrified 
to  the  utmost  intensity  attainable.  When  the 
uninsulated  body  is  brought  up  towards  its  sur- 
face, the  distribution  upon  the  piime  conduc- 
tor and  the  connected  body  will  be  immediately 
changed  according  to  the  above  law ;  and  if  the 
machine  be  still  wrought  the  diminished  intensi- 
ties of  the  distribution  wiU  be  restored  to  their 
former  values,  as  we  know  by  direct  observation. 
Here  then  we  have  an  instance  of  accumulation 
of  electricity  upon  the  prime  conductor  and  con- 
nected bodies  by  simple  inductive  action.  The 
amount  of  accumulation  depends  upon  the  dis- 
tance between  the  two  conductors,  augmenting 
rapidly  as  this  distance  diminishes,  and  subject 
indeed  to  no  limit  of  its  increase  except  such  as 
arises  from  the  nature  of  the  interposed  noncon- 
ductor or  dielectric,  which  admits  of  discharge 
through  its  mass  when  the  intensities  of  the 
charges  have  reached  certain  values.  To  make 
the  limiting  intensity  as  gi-eat  as  possible,  we 
employ  glass  or  other  solid  nonconductors  as  the 
medium  between  tlie  two  conductors.  The  ad- 
jacent cut  represents  the  glass  plate  condenser, 
one  of  the  simplest  arrangenjents  that  can  bo 
adduced  in  illustration  of  this  subject.  Two 
squares  of  metallic  foil  are  pasted  on  the  oppo- 
site sides  of  a  square  of  glass,  so  as  to  leave  a 
considerable  edge,  v,  of  the  glass  uncovered  all 
round.    To  the  upper  parts  of  the  two  sheets  of 
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foil  two  pitb  ball  pendulums  are  attached,  as 
represented  in  the  figure.  We  charge  the  ap- 
paratus by  uninsulating  one  of 
the  metallic  sheets,  b,  and  con- 
necting the  other,  a,  with  the 
prime  conductor  of  the  machine. 
As  the  machine  is  wrought,  the 
pendulum  a  rises,  while  b  re- 
mains at  rest  in  contact  with  b  ; 
and  the  condenser  is  fully  charged 
when  a  has  reached  a  stationary 
position.  If  now  b  be  first  insu- 
lated, and  the  connection  between 
A  and  the  prime  conductor  be 
then  broken,  the  apparatus  will 
remain  charged,  and  the  posi- 
tions of  the  two  pendulums  will  be  unchanged. 
We  infer  from  the  divergence  of  a  that  the 
metallic  sheet  with  which  it  is  connected  is 
electrified,  but  this  electricity  is  not  to  be  con- 
founded with  the  charges  that  have  been  ac- 
cumulated in  the  apparatus.  The  divergence  of 
o  is  due  in  fact  to  a  free  charge  disposed  upon 
the  external  surface  of  A,  a  charge  that  a  re- 
ceives independently  of  the  inductive  action  of 
B.  Besides  this  free  charge  there  are  two  oppo- 
site and  powerful  charges  disposed  upon  the  in- 
ternal surfaces  of  a  and  b.  This  is  an  inevitable 
inference  from  the  simplest  principles  of  induc- 
tion ;  but  it  may  be  otherwise  proved  in  the 
present  case  by  direct  observation.  When  the 
apparatus  has  been  charged  and  insulated,  so 
that  a  is  repelled  and  b  not ;  let  the  knuckle  be 
presented  to  the  sheet  a — a  spark  passes ;  the 
pendulum  a  falls  at  once  to  pennanent  contact 
■with  A,  and  b  at  the  same  time  ascends.  By 
drawing  a  charge  from  a,  we  have  thus  liberated 
a  part  of  the  charge  of  b  from  its  internal  surface, 
where  the  entire  charge  was  originally  confined 
by  the  inductive  action  of  the  more  powerful 
charge  upon  a.  The  pendulum  a  remains  in 
contact  with  the  metallic  sheet,  because  the 
entire  charge  of  a  is  confined  to  the  internal  sur- 
face by  the  action  of  the  now  more  powerful 
charge  of  b.  Charges  which  are  thus  confined, 
so  as  to  produce  no  inductive  eflfects  at  external 
and  accessible  points  are  said  to  be  disguised  or 
dissimulated.  By  presenting  the  knuclde  now  to  b, 
we  partially  discharge  it ;  the  pendulimi  b  falls 
and  a  rises  as  before.  By  again  discharging  a, 
the  pendulum  b  rises  a  second  time ;  so  that  we 
have  thus  liberated  a  second  part  of  the  entire 
charge  origuially  accumulated  on  the  inner  sur- 
face of  B.  In  this  way  we  may  draw  dozens  of 
successive  charges  from  the  two  plates  before  the 
condenser  is  discharged;  a  clear  proof  of  the 
accumulatmg  power  of  the  arrangement,  if  we 
observe  how  much  electricity  is  withdra^ra,  for 
example,  by  the  first  partial  discharge  of  a. 
The  arrangement  possesses  the  further  advantage 
of  retaining  the  accumulated  charges  for  a  great 
length  of  time.  The  facts  now  stated  find  prac- 
tical application  in  two  of  the  most  useful  elec- 
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trical  instruments,  the  Condenser  and  the  Leyden 
Jar.  Both  instruments  are  founded  upon  the 
principles  of  disguised  electricity ;  but  they  are 
of  diflferent  fonns,  which  are  suited  separately  to 
the  two  ends  usually  aimed  at  in  the  accumula- 
tion of  charges.  The  use  of  the  Condenser  is,  to 
condense  weak  charges,  or  to  increase  the  inten- 
sity of  electricity  derived  from  a  given  source  by 
drawing  upon  the  quantity,  so  as  to  make  the 
charge  measurable,  or  at  least  sensible.  For  a 
view  of  the  form  and  theorj-  of  this  instrument 
see  the  article  on  Condenser.  The  use  of  the 
Leyden  J  ar,  on  the  other  hand,  is  to  accumidate 
great  quantities  of  electricity  for  the  purpose  of 
powerful  discharge.  For  a  description  of  the  in- 
strument, we  may  refer  to  the  article  on  Battery, 
Electric  ;  but  it  may  be  here  stated  that  the 
Leyden  Jar  is  virtually  the  same  as  the  glass 
plate  condenser  ah-eady  described ;  only  the  glass 
dielectric  is,  in  the  one  case,  a  square  plate,  and  in 
the  other,  the  wall  of  a  wide  mouthed  phiaL 
The  mouth  of  the  phial  is  closed  by  a  noncon- 
ducting plug,  and  tliis  is  pierced  by  a  conducting 
rod,  which  is  terminated  without  by  a  knob  and 
within  by  a  chain  or  wire  that  touches  the  in- 
ternal metallic  coating  of  the  Jar.  The  instru- 
ment is  charged  by  connecting  the  knob  with  the 
Prime  Conductor,  and  the  outer  coating  with  the 
ground,  or  vice  versa.  The  greatest  part  of  the 
electricities  thus  accumulated  may  be  discharged 
instantaneously  through  any  sufBciently  conduct- 
ing path  established  between  the  knob  and  the 
outer  coating.  And  we  can  increase  in  any  de- 
gree the  power  of  discharge  obtainable  in  this 
way  from  a  given  machine,  by  connecting  a 
number  of  Jars  together,  giving  them  virtually 
one  outer  coating  and  one  inner  coating,  an 
arrangement  which  is  called  an  Electric  or 
Lej'den  Battery. 

6.  We  may  now  consider  very  briefly  some  of 
the  simpler  phenomena  of  Discharge.  These 
phenomena  are  presented  on  a  grand  and  terrific 
scale  in  the  effects  of  lightning,  such  as  the 
fusion  of  metals,  the  splintering  and  rending  of 
trees,  the  shattering  of  the  hardest  rocks,  and  the 
destruction  of  animal  and  vegetable  life ;  effects 
that  can  be  exhibited  on  a  very  formidable, 
though  a  much  smaller  scale,  by  the  Leyden 
Battery.  Generally,  when  a  discharge  passes 
through  matter  of  an  inferion-  conducting  power,  i 
it  produces  a  very  sensible  mechanical  disturbance  i 
among  its  particles.  For  the  exhibition  of  these  i 
effects  we  make  use  of  the  Leyden  Jar  or  Battery 
and  the  Universal  Discharger  or  other  similar 
instrument.  The  universal  discharger  is  a  simple 
arrangement  of  insulated  metallic  rods  or  wires, 
by  Avhich  we  are  enabled  to  establish  an  inter- 
itipted  conducting  path  between  the  coatings  of 
the  batterj'.  In  the  interruption  of  the  circuit 
we  place  the  bodj'that  we  wish  to  examine;  and 
it  is  supported  in  that  position  by  a  nonconduct- 
ing table  placed  under  it  When  the  interrup- 
tion of  the  circuit  is  short  enough,  and  the  charge 
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>{  the  battery  strong  enough,  the  discharge 
traverses  the  body,  and  produces  the  desired 
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llect  as  soun  as  the  end  of  the  circuit  is  brought 
lip  to  the  knob  of  the  batter}-.  In  this  way 
pieces  of  wood  and  stone  and  other  nonconduc- 
tors are  violently  fractured  and  projected  out  of 
the  circuit.  To  this  class  of  actions  we  must 
refer  the  occasional  fracture  of  the  walls  of  Ley- 
den  Jars  by  discharge  between  the  coatings 
through  the  glass  when  the  jars  are  too  stronglv 
charged.  The  disruptive  action  of  discharge  can 
be  confined  in  certain  cases  to  one  part  of  the 
nonconducting  mass  that  is  placed  in  the  circuit. 
The  famous  experiment  of  the  pierced  card  is  an 
instance.  The  intemiption  of  the  cii-cuit  m  this 
experiment  is  terminated  by  two  metallic  points  ; 
and  the  body  traversed  by  the  discharge  is  a  card 
of  stiflF  paper  or  pasteboard,  which  is  placed  ob- 
liquely in  the  interruption  of  the  circuit,  so  that 
its  opposite  surfaces  are  very  near  the  discharg- 
ing points.  When  the  discharge  passes,  the  card 
is  pierced,  but  not  rent  or  otherwise  injured.  The 
small  perforation  is  generally  close  to  the  nega- 
tive point,  and  presents  a  burr  upon  each  surface 
uf  the  paper  as  if  it  had  been  formed  by  two 
threads  drawn  violently  through  the  card  in 
opposite  directions.  By  discharge  a  small  hole 
may  be  pierced  even  through  a  sheet  of  glass 
without  the  glass  being  cracked  or  otherwise  in- 
jured. All  that  is  necessary  for  this  effect  is, 
that  the  points  of  the  discharger  be  placed  op- 
posite to  each  other,  and  in  contact  with  the  sur- 
faces of  the  glass,  and  that  one  of  the  points  be 
enveloped  with  a  drop  of  oil.  Such  facts  clearly 
prove  that  when  discharge  traverses  a  noncon- 
ducting mass  it  produces  gi-eat  mechanical  com- 
iiiotions  among  its  particles.  In  the  case  of 
liquids  and  gases  we  cannot  expect  such  perma- 
nent results  as  we  have  found  in  the  case  of  solids; 
hut  here  also  we  have  clear  proofs  of  powerfid 
mechanical  action.  Thus,  if  the  two  ends  of  the 
interruption  of  the  circuit  be  made  to  dip  near 
each  other  under  the  surface  of  water,  the  dis- 
charge projects  the  water  out  of  its  path  with 
'-Treat  force ;  and  in  another  arrangement,  where 
the  water  is  contained  in  a  well  closed  phial,  the 
commotion  produced  by  a  powerful  discharge 
bursts  the  phial,  and  disperses  the  glass  and  water 
m  all  directions.  In  air  and  the  gases  the  com- 
motions produced  are  as  evident  as  in  solids  and 
liquids,  producing  sounds  and  expansions  of  vari- 
ous intensities  according  to  the  strength  of  the 
discharge.  The  suddenness  and  intensity  of  the 
expansion  are  weU  Ulustrated  in  the  electric  mor- 
"r  a  small  and  strong  phial  of  gla.ss  which  is 
u  n  I'asits  mouth  closed 

.y  a  ball  of  cork.  When  a  discharge  passes 
I  ong  the  wu-es  and  through  the  air  or  gas  en- 
dosed  m  the  phial,  the  sudden  expansion  projects 
.he  cork  vvith  considerable  force,  Kinnersley's 
thermometer,  represented  in  the  adjacent  cut,  con- 
.»t8of  a  large  upright  tube  of  glass,  closed  at 
both  ends,  and  opening  at  the  bottom  hito  a  smnll 


tube  which  is  bent  upwards  and  open  at  the  top. 
The  ends  of  the  large  tube  are  traversed  by  con- 
ducting rods  which  are  terminated  wilhin  by 
knobs.  The  tubes  contain  water,  as  represented 
in  the  figure,  to  a  level  considerably  above  the 
mouth  of  the  small  tube :  so  that  the 
air  surrounding  the  knobs  is  confined  to 
an  air-tight  chamber.  Accordingly, 
when  a  discharge  traverses  the  rods  and 
the  inteijacent  air,  the  water  is  launched 
upwards  in  the  smaller  tube  with  a 
sudden  and  powerful  force,  and  imme- 
diately falls  again,  but  not  accurately  to 
its  original  level.  The  apparatus  gives 
in  this  way  a  very  elegant  proof  of  the 
sudden  and  transient  expansion  produced 
by  discharge  through  air ;  but  it  proves  Fig.  8. 
^Iso  the  existence  of  a  more  permanent 
though  smaller  expansion,  by  the  permanent  rise 
of  the  level  in  the  smaller  tube.  The  latter  ex- 
pansion is  due  to  heat  which  is  developed  in  the 
air  by  discharge,  and  which  is  lost  not  suddenly 
but  by  degrees.  The  calorific,  illuminating,  and 
inflaming  actions  of  discharge  are  exhibited  in  a 
great  variety  of  beautiful  experiments  that  we  have 
not  space  here  to  notice.  The  appearance  of  the 
electric  spark  and  its  inflaming  power  are  known 
to  all.  Of  the  heating  power  of  discharge  we 
have  had  an  instance  in  the  experiment  with 
Kinnersley's  Thermometer.  More  marked  effects 
ca  this  kind  are  produced  by  the  passage  of  con- 
fdderable  charges  through  attenuated  masses  of 
metal,  such  as  thin  leaves  and  fine  wires.  It 
reqiures  no  considerable  charge  to  raise  a  fine 
iron  wire  to  a  red  heat.  With  stronger  dis- 
charges the  metal  is  instantaneously  fused  into 
drops,  or  even  dispersed  in  vapour.  In  this  way 
a  wire  of  metal  which  is  immersed  in  a  vessel  of 
cold  water  can  be  melted  into  drops  in  an  instant. 
The  last  effect  of  discharge  that  we  shall  notice 
is  the  Physiological,  or  the  electric  shock,  which 
rises  in  intensity  with  the  strength  of  the  dis- 
charge, from  a  slight  nervous  commotion  to  the 
instant  destruction  of  life.  When  we  touch  the 
outer  coatmg  of  a  charged  phial  with  one  hand, 
and  bring  the  other  up  to  the  knob,  the  discharge 
of  the  electricities  is  effected  through  the  body ; 
and  a  peculiar  sensation  is  felt,  which,  to  be 
understood  must  be  experienced.  It  might  per- 
haps be  described  as  a  sudden  and  violent  swell- 
ing of  the  muscles  of  the  arms,  in  its  gentler 
forms.  With  weak  charges  the  shock  is  felt  in 
the  hands  only ;  with  stronger  charges  it  is  felt 
in  the  arms.  When  it  is  felt  painfully  in  the 
chest,  a  stronger  charge  would  be  dangerous. 
The  circuit  may  be  formed  as  weU  by  a  number 
of  persons  with  hands  joined  as  by  one ;  and  in 
this  case  the  two  free  hands  at  the  ends  of  the 
circuit  are  brought  up  respectively  to  the  outer 
coating  and  tlie  knob.  The  shock  is  felt  at  the 
same  instant  by  all  the  members  of  the  circuit. 
There  is  a  famous  experiment  of  the  Fren(li 
philosophers  upon  record,  in  which  a  whole  rcgi- 
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nient  of  grenadiers  was  overthrown  at  one  blow 
by  discharge  from  a  Leyden  Jar.  The  shock  rises 
in  intensity,  as  we  have  said,  with  the  strength 
of  discharge.  It  requires  no  very  powerful 
charges  to  kill  mice,  birds,  rabbits,  and  other 
small  animals;  and  in  many  exjieriments,  dis- 
charges are  employed  that  would  be  sufficient 
for  the  destruction  of  anj-  animal.  The  state  of 
the  animal  frame  after  death  by  electric  dis- 
charge or  by  Dghtning  has  been  made  the  sub- 
ject of  diligent  investigation ,  but  no  determina- 
tion has  been  arrived  at  in  regard  to  the  organ 
or  set  of  organs  especially  injured.  But  there 
can  be  little  doubt  that  death  b}'  electric  dis- 
charge is  due  chiefly  if  not  wholly  to  an  exces- 
sive shock  in  the  nervous  system.  For  additional 
information  upon  the  laws  of  discharge  see  the 
article  on  that  subject. — Upon  the  theories  of 
electricity  we  cannot  here  dwell  at  any  length.' 
We  shall  merely  state  their  fundamental  assump- 
tions. According  to  Frankliris  Theory^  the  phe- 
nomena of  electricity^  are  due  to  the  special 
properties  and  actions  of  a  subtle  kind  of  matter 
called  the  Electric  Fluid.  This  fluid  is  self- 
repulsive,  and  attracts  the  common  kinds  of 
matter,  and  is  reactively  attracted.  When  a  body 
is  in  a  natural  or  electrically  unexcited  state, 
the  attractive  force  of  the  matter  is  balanced  by 
the  self-repulsive  force  of  the  electric  fluid,  and 
the  body  is  said  to  be  saturated  with  electricity. 
AVhen  a  body  possesses  more  or  less  of  the  electric 
fluid  than  corresponds  to  the  state  of  saturation, 
it  is  excited  or  charged,  positively  or  by  excess 
in  the  state  of  vitreous  charge,  and  negatively  in 
the  state  of  resinous  charge.  These  assumptions 
give  apparently  simple  explanations  of  some  of 
the  elementary  facts,  especially  of  the  electric 
forces,  the  simpler  facts  of  induction,  and  the  laws 
of  chai'ge.  According  to  the  theorj'  of  D  ufay  and 
Synmer,  there  are  two  electric  fluids,  the  Yitreous 
and  the  Resinous.  Each  fluid  is  self-repulsive, 
and  each  attracts  the  other.  The  theory  of  a 
single  fluid  and  that  of  two  fluids  appears  to  be 
of  much  the  same  value,  as  the  facts  explained 
by  the  one  are  generally  capable  of  being  equally 
well  explained  by  the  other.  The  former  theory, 
however,  is  liable  to  the  special  objection  that 
it  necessarily  infers  a  mutual  force  of  repulsion 
among  the  common  kinds  of  matter.  For  a  brief 
statement  of  Faraday's  theory  see  Induction. 

Electricity:  Applications  of.  Electricity  is 
no  longer  an  abstract  or  unapplied  science:  it 
has  become  an  available  source  of  power  to  the 
Mechanician,  the  Clock-Maker,  the  Engineer  civil 
and  military,  the  Physicist,  the  Cftemist,  the 
Observer,  the  Bronze  Gilder,  &c.,  and,  in  short,  to 
all  persons  mterested  in  the  practical  work  of 
advancing  civilization  through  the  instrumen- 
tality of  science.  It  is  but  a  very  slight  account 
that  we  can  give  in  this  dictionary  of  its  various 
ajiplications :  what  room  we  can  spare  is  taken 
advantage  of  under  articles  Electric  Light, 

ELECTKO-MAONJiTIC  BIACHINE,  ELECTROTYrE, 


ELE 

Observation,  Registration,  Telegraph,  an'I 
Thunder-Rod.  We  expressly  warn  our  readers 
that  only  a  brief  notice  of  the  efficiency  of  this 
very  valuable  agent  can  be  promised  under  any 
of  the  heads  now  mentioned. 

Elcctricit}' ;  Corrttlution  of,  ITIccliani- 
cal  Equivalent  of.  In  the  second  Dissertation 
prefixed  to  this  volume,  as  well  as  in  articles 
Force,  Correlation  and  Conservation  of, 
the  grand  principle  now  lying  at  the  foundation  of 
all  physics,  has  been  illustrated  and  enforced.  The 
special  question  at  present  is,  whether  this  corre- 
lation holds  in  the  case  of  Electricity ;  whether 
other  forces,  as  they  seem  to  disappear,  may 
assume  its  form ;  whether,  when  it  seems  to  dis- 
appear, it  only  takes  on  some  other  mode  of 
energy;  and,  finally,  whether,  under  every  va- 
riety of  circumstance,  it  has  a  definite,  invariable, 
and  ascertainable  mechanical  equivalent?  As  to 
the  general  fact  of  correlation,  it  has  long  been 
established  as  belonging  to  the  electric  force. 
Friction  or  mechanical  efibrt  evolves  it ;  and,  in 
its  turn,  it  can  realize  important  mechanical 
efiects.  Heat  evolves  it,  and  the  force  so  pro- 
duced evolves  heat.  Electricity  calls  into  exis- 
tence potent  magnetic  polarities ;  and  the  magnet 
produces  powerful  electric  currents  in  a  coil  of 
wire.  The  current  loosens  chemical  affinities, 
and  sometimes  compels  bodies  to  combine ;  while 
those  changes  in  affinities,  that  constitute  the 
source  of  energy  in  the  pile  or  the  galvanic  bat- 
tery, give  rise  to  electric  energies  which  are 
well  nigh  irresistible — energies  that  dissolve  the 
closest  and  firmest  atomic  unions,  and  which  in 
the  telegraph  are  going  far  to  annihilate  both 
space  and  time.  The  main  question,  however, 
remanis, — amid  all  such  transformations  do  we 
recognize  the  disappearance  and  production  of 
forces  that  are  sensibly  equivalent:  unless  equiva- 
lence is  estsblished,  there  is  no  proof  of  identity. 
It  is  only  just  to  state  that  science  owes  the 
starting,  and  by  far  the  greater  part  of  the  elu- 
cidation of  this  inquiry,  to  the  sagacitj',  the 
accuracy,  and  unwearied  patience  of  Mr.,  Joule, 
sometimes  working  apart,  and  at  other  times  in 
connection  with  his  Wend  and  fellow-discoverer, 
Professor  William  Thomson.  We  can  give  here 
but  the  briefest  outline  of  the  results  arrived  at 
by  Mr.  Joule  and  a  few  other  physicists. — In 
a  recent  interesting  letter  to  the  editor  of  the 
Philosophical  Magazine,  Mr.  Grove  announces  a 
curious  experiment,  inaugurating  apparently  a 
novel  mode  of  investigating  this  subject  lu 
substance  it  seems  this :  Take  a  Leyden  jar  fully 
charged,  and  therefore  on  the  point  of  discharge 
by  the  spark:  bring  into  its  neighbourhood  a 
Cuthbertson's  electrometer  —  it  will  repel  the 
ball  of  the  electrometer,  and  so  exercise  a 
mechanical  effect.  Tliat  moment  the  tension 
diminishes,  and  the  jar  is  no  longer  on  the  point 
of  discharge.  A  definite  quantity  of  electricity 
has  thus  disappeared,  and  we  have  instead  a 
visible  and  definite  mechanical  effect.    In  the 
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ame  manner,  whenever  an  electric  current  causes 
I  lie  attraction  of  two  pieces  of  au  apparatus,  if 
these  two  pieces,  yielding  to  this  attraction,  are 
set  in  motion,  a  suitable  and  definite  diminution 
iif  the  intensity  of  the  current  is  observed:  the 
inverse  also  holds  true  — But  the  phenomena 
may  be  better  illustrated  by  special  detail.    It  is 
well  known  that  when  the  current  passes  through 
a  thin  wire,  heat  is  generated.    Now  that  heat 
may  be  measured  by  surrounding  the  wire  with 
ivater.    The  increase  of  the  temperature  of  the 
water  is  the  measure  of  the  heat.    But  by  sur- 
rounding a  piece  of  soft  iron  by  this  wire  in  a 
(joU,  magnetic  force  is  produced ;  and  it  can  be 
proved  that  the  quantity  of  electricity  which, 
^vl^en  transformed  into  heat  by  the  resistance  of 
the  medium,  is  enough  to  raise  the  temperature  of 
a  pound  of  water  by  1  degree,  produces  an  attrac- 
tive magnetic  force  by  which  a  weight  of  772 
pounds  may  be  raised  a  foot  high — the  exact 
mechanical  equivalent  of  that  definite  amount  of 
heat    Again,  when  the  conductor  is  cut  in  two, 
and  its  two  ends  dipped  into  a  vessel  of  water, 
electricity  manifests  itself  as  an  analytic  force, 
and  decomposes  the  water  into  its  aerial  elements, 
uxygen  and  hydrogen.    These  may  be  re-united, 
and  on  their  re-union  they  produce  heat.  Now, 
accurate  investigation  has  established,  that  an 
electric  cun-ent  of  known  strength,  which,  when 
transmuted  by  a  conductor  into  heat,  is  enough 
to  heat  one  pound  of  water  1°,  liberates — when 
an  ployed  on  the  decomposition  of  water — an 
unount  of  hydrogen  by  which,  when  it  is  burnt, 
xactly  one  poimd  of  water  can  be  raised  from 
J    to  1°. — Illustrations  of  this  sort  could  be 
jrought  without  end,  showing  that  electricity, 
ike  the  other  energies,  merely  transforms  itself, — 
that  with  regard  to  it  ako,  the  maxim  holds, 
"  Force  never  dies." — It  is  highly  important  to 
know,  in  reference  to  this  class  of  inquiries,  that 
ike  through  Joule's  experiments  and  theoretical 
I.  liictions  from  chemical  principles,  the  electro- 
iiotive  force  of  any  battery  can  be  laid  down 
^vith  accuracy  in  thermal  units,  so  that,  begin- 
ling  at  its  origin,  we  can  trace  the  action  and 
listory  of  the  entire  force  until  it  evolves  its  final 
tftct.    See  on  this  subject  an  instructive  paper 
j;  Professor  W.  Thomson,  in  Philosophical Maga- 
'■ine  for  December,  1856. 

£l<!Ctricily,  A]iiiO!>pheric.  1.  It  may  he 
ireraised,  to  avoid  circumlocution  in  this  article, 
hat  every  body  in  communication  with  the  earth 
jy  means  of  matter  possessing  electric  conduc- 
ivity  enough  to  prevent  its  electric  potential  * 
rom  differing  sensibly  from  that  of  the  earth, 
■vill  be  called  part  of  the  earth.    Moist  stone, 

•  "Two  conducting  bodicR  nre  said  to  be  nf  the  same 
"-lectric  potential  when,  if  put  in  coi.ductinR  communi- 
cation wiih  tlie  two  electroUcs  of  an  electrometer,  no 
'Jlectric  eflect  is  produced.  Wlien,  on  the  other  hand, 
-rfie  electrometer  shows  an  etlcct,  the  amount  of  this 
•itrect  measures  the  dltlcrence  of  potentials  between  the 

'.^noH*"^,'"',"'""  if  "'f    ^  iffeieiice  of  poteiiliuls  is  also 
»lled  electromotive  force. 
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and  rock  of  all  kinds,  and  all  vcietible  and 
animal  bodies,  in  their  natural  conditions,  except 
in  circumstances  of  extraordinary  dryness,  possess, 
either  superficially  or  throughout  their  substance, 
the  requisite  conductivity  to  fulfil  that  condition. 
On  the  other  hand,  various  natural  minerals 
and  artificial  compounds,  such  as  glass, — various 
vegetable  gums,  such  as  India-rubber,  gutta 
jiercha,  rosin, — and  various  animal  products,  such 
as  silk  and  gossamer  fibre, — when  either  in  a  very 
dry  natural  or  in  an  artificially  dried  atmosphei'e, 
resist  electrical  conduction  so  strongly  that  they 
may  support  a  body,  or  otherwise  form  a  material 
communication  between  it  and  the  earth,  and 
yet  allow  it  to  remain  charged  with  electricity 
to  a  pot°ntial  sensibly  diflTering  from  the  earth's, 
for  fractions  of  a  second,  for  minutes,  for  hours, 
for  days,  or  even  for  years,  withifct  any  fresh 
excitation  or  continued  source  of  electricity. 
Again,  air,  whether  dry  or  saturated  with  vapour 
of  water,  and  probably  all  gases  and  vapours, 
unless  ruptured  by  too  strong  an  electromo- 
tive force,  are  very  thoroughly  destitute  of  con- 
ductivity— that  is  to  say,  are  very  perfectly 
endowed  with  the  property  of  resisting  the 
tendency  of  electricity  to  pass  and  establish 
equality  of  potential  between  two  bodies  not 
otherwise  materially  connected. — 2.  Hence,  when 
"  the  surface  of  the  earth  "  is  spoken  of,  the  sur- 
face separating  the  solids  and  liquids  of  the  eartti 
from  the  air  will  be  meant ;  and  when  the  more 
qualified  expression  "  outer  surface  of  the  earth  " 
is  used,  inner  surfaces  ot  vesicles,  or  the  surfaces 
bounding  completely  enclosed  spaces  of  air,  must 
be  understood  to  be  excluded.  Thus,  the  surface  of 
a  mountain  peak ;  the  surface  of  a  cave,  up  to  the 
inmost  recesses  of  the  most  intricate  passages ; 
the  surface  of  a  tunnel;  the  surface  of  ihe  sea,  or 
of  a  lake  or  river ;  all  the  sui-face  of  a  sheet  of 
unbroken  water  in  such  a  fall  as  that  of  Nia- 
gara; the  surface  of  blades  of  grass  and  flowers, 
and  of  soil  below;  in  a  wood,  the  surface  of 
soil,  and  of  trunks  and  leaves  of  trees ;  the  sur- 
face of  any  animal  resting  on  the  earth ;  the 
outside  of  thereof  of  a  house;  the  whole  inside 
surface  of  a  room  with  an  open  vrindow  ;  all  be- 
long to  the  outer  surface  of  the  earth. — 3.  On 
the  other  hand,  the  moon,  meteoric  stones,  birds 
or  insects  flying,  leaves  or  fruit  falling,  seed 
wafted  through  the  air,  spray  breaking  away 
from  a  cascade  or  from  waves  of  the  sea,  the 
liquid  particles  of  a  cloud  or  a  fog.  present  sur- 
faces not  belonging  to  the  earth,  and  between 
which  and  the  earth's  surface   differences  of 
potential,  and  lines  of  electric  force,  may  and 
generally  do  exist.    4.  The  whole  surface  of  the 
earth,  as  defined  above  (§  2),  is  at  every  moment 
electrified  in  every  part,  with  the  exception  of 
neutral  lines  dividing  portions  which  are  nega- 
tively (resinously)  from  portions  wliich  are  posi- 
tively (vitreously)  electrified.    The  negatively 
electrified  portions  are  of  very  much  greater  ex- 
tent, at  all  times,  tuan  those  positively  electrified ; 
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and  there  may  be  times  whea  the  whole  surface 
is  negatively  electrified,  because  in  all  localities 
in  which  electrical  observations  have  been  liitherto 
made,  with  possibly  one  remarkable  exception,* 
the  eartli's  surface  is  always  found  negative,  day 
and  night,  during  fair  weather,  and  only  occa- 
sionally positive  in  broken  weather,  or  during 
an  actual  fall  of  rain  in  the  immediate  neigli- 
bourhood,  if  not  exactly  on  the  place  of  obser- 
vation. If,  then,  at  any  one  time  there  chances 
to  be  fair  weather  over  the  whole  earth,  it  may 
be  presumed  that  the  whole  outer  surface  of  the 
earth  is  then  negatively  electrified,  unless,  judg- 
ing from  the  possible  exception  above  alluded 
to,  we  are  still  to  expect  positive  electrification 
in  some  extreme  positions. — 5.  As  yet  nothing 
is  known  regarding  the  electrification  of  air 
itself,  or  of  clouds  or  other  matter  suspended 
in  the  air,  except  what  can  be  inferred  (see 
below,  §  G)  from  the  electrification  of  the 
earth's  surface,  and  its  vai-iations,  with  which 
alone,  as  Peltier  has  remarked,  the  observa- 
tions of  "  atmospheric  electricity  "  hitiierto  pub- 
lished have  dealt  (see  below,  §§  17-19). 
It  is  impossible,  in  the  nature  of  things,  to 
investigate  the  bodily  electrification  of  a  non- 
conductor by  any  observation  whatever  of 
electric  action  without  it,t  or  in  any  way  what- 
ever, except  by  something  equivalent  to  a 
determination  of  the  magnitude  and  direction  of 
the  resultant  force  at  every  point  of  its  mass.J 

•  At  Guiijara  station,  on  the  Peak  of  Teneriffe. 
"  During  the  whole  period  of  observation,  by  day  and 
night,  the  electricity  was  moderate  in  quantiiy,  and 
always  resinous.  This  was  during  the  period  of  N.  E. 
trade  wind,  and  within  its  infiueiice,  tliough  above  its 
clouds."  [Professor  Piazzi  Smyth's  Account  of  the 
Teneriffe  Astronomical  Experiment,  Philosophical 
Transactions,  1858,  and  separate  publication  ordered 
by  the  Lords  of  the  Admiralty.]  The  "electricity" 
here  referred  to  was  that  acquired  by  an  insulated 
o.onductor  carrying  a  burning  match  iu  the  air  at  some 
distance  from  the  earth.  If  it  were  really  negative, 
the  earth's  electrification  at  the  place  must  have  been 
positive;  but  the  test  as  to  quality  may  have  been 
deceptive,  owing  to  the  highly  insulating  condition  of 
both  outer  and  inner  surfaces  of  the  glass  shade  inclos- 
ing the  gold  leaves,  and  to  the  circumstance  of  the  test- 
ing piece  of  rubbed  sealing  wax  having  been  ap])lied 
pussibly  too  near  the  gold  leaves,  Instead  of  beside  a 
remote  part  of  the  insulated  rod.  Prtifessor  Smyth 
assures  the  writer,  that  lie  considers  the  electrical 
experiment  as  not  sufficiently  complete  or  confirmed 
to  allow  any  conclusion  to  be  built  on  it,  and  regards 
It  rather  as  an  indication  of  the  importance  of  making 
electrical  observations  with  better  apparatus,  and  more 
available  time  for  using  it,  thau  tlie  first  Tenerifl'e 
scientific  expedition  atforded. 

t  According  to  Green's  remarkable  theorems,  triply 
rediscovered  by  Gauss,  Chasles,  and  the  writer  of  this 
article,  all  different  distributions  of  electricity  within 
a  solid,  which  produce  the  same  potential  at  its  sur- 
face, produce  the  same  force  at  every  point  without  it, 
and  the  problem  of  finding  a  distribution  of  electricity, 
within  the  interior  to  produce  a  given  distribuliou  of 
potential  at  the  surface,  is  indeterminate. 

t  Let  X,  Y,  Z,  be  the  components  of  the  resultant 
force  on  a  unit  of  electricity,  if  placed  at  any  point 
X,  y,  z,  In  a  mass  of  air  or  other  non-conductor;  and 
let  {  denote  the  electrical  density  of  the  substance, 
that  Is  to  say,  the  quantity  of  electricity  per  unit  of 
bulk  actually  possessed  by  the  air  in  the  neighbour- 
hood of  this  point   Then,  by  a  well  known  proposition 
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Towards  this  thorough  investigation  of  the  dis- 
tribution of  electricity  within  a  non-conducting 
mass,  it  may  be  remarked,  that  a  determination 
of  the  normal  component  of  the  force  all  round 
a  closed  surface  is  just  sufficient  to  show  the 
aggregate  quantity  of  electricity  possessed  by  all 
the  matter  situated  within  it.§  Hence  obser- 
vation in  positions  all  round  a  mass  of  air  is 
necessary  for  determining  fee  quantity  of  electri- 
city which  it  contains ;  and.  therefore,  the  balloon 
must  be  put  in  requisition  if  knowledge  of  the  dis- 
tribution of  electricitj'  through  the  atmosphere  is 
to  be  sought  for. — 6.  Without  leaving  the  earth, 
however,  although  we  cannot  thoroughly  inves- 
tigate the  electrification  of  the  air,  we  can  make 
important  inferences  about  it  from  observations  of 
the  electric  density  over  the  earth's  surface,  by  a 
principle  of  judging  which  may  be  thus  ex- 
plained:— If  the  earth  were  simply  an  electrified 
bod}',  placed  in  a  perfectly  insulating  medium  of 
indefinite  extent,  and  not  sensibly  influenced  by 
any  other  electrified  matter,  or  by  reflex  influence 
from  anj'  conductor  or  dielectric  in  its  vicinity, 
its  electricity  would  be  distributed  over  its 
surface  according  to  a  perfectly  definite  law,  de- 
pending solely  on  the  form  of  the  surface,  and 
deducible  by  a  sufficiently  powerful  mathemati- 
cal analysis  from  sufficiently  perfect  data  of 
"  geometry"  (in  the  primitive  sense  of  the  term), 
or  of  what,  in  more  modern  language,  is  called 
geodesy.  If  the  surface  of  the  earth  were  truly 
spherical,  this  law  would  be  simply  uniformity. 
A  truly  elliptic  oblateness  of  the  earth  would 
give,  instead  of  uniformity,  a  distribution  of 
electric  density,  in  simple  proportion  to  the  per- 
pendicular distance  between  a  tangent  (that  is, 
horizontal)  plane  through  any  point  and  the 
earth's  centre ;  according  to  which  the  electric 
density  at  the  equator  would  be  greatest,  and 
would  exceed  that  at  either  pole,  where  it  would 
be  least,  by  a  difference  which,  for  the  pre- 
sent, we  may  disregard. — 7.  The  whole  amount 
of  electricity  over  the  surface  of  anj'  great  region 
of  mountainous  country,  or  of  forest  land,  or  of 
soil  and  vegetation  of  any  kind,  or  of  streets  and 
houses  in  a  town,  or  of  rough  sea,  would  be  very 
approximately  the  same  as  that  on  an  area  of 
unruffled  ocean,  equal  to  the  "  reduced"  area  of 
the  irregular  suiface;  but  the  distribution  of  the 
electricity  over  hill  and  valley,  over  the  leaves 
and  trunks  of  trees,  and  the  surfaces  of  plants 
generally,  and  on  the  soil  beneath  them,  o\-er 

of  the  mathematical  theory  of  attraction,  we  have 
1  /rfX     dY  rfZ\ 
*°"4»\rfa:"^  dy  +  dz)' 

§  Let  N  be  the  normal  component  of  the  force  flt 
any  point  of  a  closed  surface,  rf  »  an  element  of  the 
surface,  ./ the  sign  of  integration  for  the  whole  surface, 
and  Q  "the  whole  quantity  of  electricity  within  it. 
Tlien,  by  a  well  known  theorem  of  Green's,  redis- 
covered as  alluded  to  in  a  preceding  note,  we  have 
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'lernofs,  perpendicular  walls,  and  ovorlianging  or 
vershaded  surfaces  of  buildings,  and  the  surfaces 
of  streets  and  enclosed  courts  between  them,  and 
over  the  hollows  and  crests  of  waves  in  a  stormy 
soa,  would  be  extremely  irregular,  with,  in  gene- 
ral, greater  electric  density  on  the  more  promi- 
nent and  convex  portions  of  surfaces,  and  less  on 
the  more  covered  and  concave — quite  insensible, 
indeed,  in  any  such  position  as  the  interior  of  a 
cave,  the  soil  below  trees  in  a  forest — even  where 
considerable  angular  openings  of  sky  are  presented, 
or  the  roof  or  floor  of  a  tunnel,  or  covered  cham- 
ber, even  although  open  to  a  considerable  angle 
of  sky. — 8.  If  thus  a  perfect  electro-geodesy  gave 
a  "  reduced"  electric  density'  equal  over  the  whole 
earth,  we  might  infer  that  the  electrification  of  the 
earth  is  not  influenced  by  any  electricity  in  the  air. 
According  to  what  has  been  stated  above,  there 
might  in  that  case  be  either  no  electricity  in  the  air, 
from  the  earth's  atmosphere  to  the  remotest  star, 
and  (according  to  Faraday's  views)  the  lines  of 
electric  force  rising  fi-om  the  earth  might  termi- 
nate in  the  surfaces  of  the  moon,  meteoric  stones, 
sun,  planets,  and  stars;  or  there  might  be,  at 
any  distance  considerably  exceeding  the  height 
of  the  highest  mountain,  a  uniformly  electrified 
stratum  of  equal  quantity  and  opposite  kind  to 
the  earth's,  balancing  through  all  the  exterior 
space  the  force  due  to  the  terrestrial  electricity, 
and  limiting  the  manifestations  of  electric  force 
to  the  atmosphere  within  it ;  or  there  might  be 
any  of  the  infinite  variety  of  distributions  of 
electricity  in  space  round  the  earth,  by  which 
the  electric  density  at  the  earth's  surface  would 
be  uninfluenced.— 9.  But,  in  reality,  the  electric 
density  varies  gi-eatly,  even  in  serene  weather, 
over  the  earth's  surface  at  any  one  time,  as  we  may 
infer  from  (1.)  the  facts  (established  for  Europe, 
and  probably  true  in  all  the  temperate  zones  of 
both  hemispheres),  that  in  any  one  place  the 
electric  density  of  the  surface  observed  during 
serene  weather  is  much  greater  in  winter  than 
in  summer,  and  that  it  varies  according  to  some- 
thing of  a  regular  periodicity  with  the  hours  of  the 
day  and  night;  and  (2.)  the  consideration  that 
there  is  often  serene  weather  of  day  and  night, 
and  of  summer  and  winter,  at  one  and  the  same 
time,  in  different  temperate  portions  of  the  earth. 
We  may,  therefore,  consider  it  as  quite  estab- 
lished, that  even  in  serene  weather,  the  electrifi- 
cation of  the  earth's  surface  is  largely  influenced 
by  external  electrified  matter.  Although  we 
cannot  (§  5)  discover  the  exact  locality  and 
distribution  of  this  influencing  electricity  from 
us  effects  at  the  earth's  surface  alone,  yet  it  is 
possible,  from  the  character  of  the  distribution  of 
the  terrestrial  electric  density  as  influenced  by  it, 
to  assign  a  superior  limit  to  its  height.*  If  at 
any  one  instant  the  electric  density  reduced  to 
■  the  sea  level  were  distributed  according  to  a 

/  of*"  Lanw/f  co-efflcients  of  the  series 

.Jr  Pi*"^®  *  functions,"  exnressinir  the  terrestrial 
^electric  density  reduced*  to  the  sea  leve^  converged 
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Mmple  "harmonic"  law,  or,  morQ  gencrnllv, 
according  to  a  certain  definite  character  of  non- 
abruptness  of  variation  easily  specified  in  ma- 
thematical language,!  the  external  influencing 
electricity  might  be  at  any  distance,  however 
great,  for  all  we  could  discover  hy  observations 
near  the  earth's  surface.  But,  little  as  we  know 
yet  regarding  the  diurnal  law  of  electric  varia- 
tion in  serene  weather,  it  is,  we  may  say  with 
almost  perfect  certainty,  not  such  as  could  give 
at  any  instant  a  distribution  over  the  whole 
earth  possessing  any  such  gradual  character  as 
that  referred  to;  and,  therefore,  we  may,  in  all 
probability,  from  the  character  of  the  diurnal 
variation  itself,  say  that  its  electric  origin  is  not 
at  a  distance  of  many  radii  from  the  surface.  On 
the  other  hand,  when  we  consider  that  in  tem- 
perate regions  the  velocity  with  which  the  earth's 
surface  is  carried  round  in  its  diurnal  course  is 
from  600  to  900  miles  per  hour,  we  see  clearly 
that  any  law  of  diurnal  electric  variation,  estab- 
lished on  observations  even  so  frequent  as  once 
every  hour,  could  not  possibly  fix  the  locality  of 
the  origin  to  within  100  miles  of  the  surface; 
and  as  we  have  as  yet  nothing  to  go  upon  in  the 
way  of  published  observations  more  frequent  than 
three  or  four  times  a  day,  towards  establishing 
either  the  existence  or  the  character  of  the  diur- 
nal law,  we  cannot  consider  it  as  proved  by 
observation  that  the  influencing  electricity  which 
produces  it  is  even  as  near  as  the  50  or  100 
miles  limit  which  is  commonly  (but  in  the 
opinion  of  the  writer  of  this  article,  most  unrea- 
sonably) assigned  as  an  end  to  the  earth's 
atmosphere. — 10.  The  great  suddenness  of  the 
electric  variations  during  broken  weather,  and 
their  close  correspondence  with  beginnings, 
changes,  and  cessations  of  rain,  hail,  or  snow, 
compel  us  (hy  a  common  sense  estimate  founded 
on  an  unconscious  application  of  the  mathe- 
matical law  stated  in  the  footnotes  to  the 
preceding  §  9)  to  believe  that  their  origin  agrees 
in  position  with  that  of  the  showers,  and  to  give 
it  a  "  local  habitation  "  and  a  name — Thunder- 
cloud— 11.  The  writer  of  this  article  has  observed 
extremely  rapid  variations  of  terrestrial  electri- 
fication during  perfectly  serene  weather.  Thus, 
in  a  calm  summer  night,  with  an  unvarying 
cloudless  sky  overhead,  and  not  the  faintest  ap- 


ultlmately  with  less  rapidity  than  the  geometric;il 
we  might  be  sure  that  there  is 


.    ,   I  I 

senes  1,    ,  -„ 


electric  ity  in  the  air  at  some  diKtnnoe  from  the  centre 
of  the  eurti),  not  exceeding  m  times  the  radius  of  tiic 
eartli's  sui-face.  For  the  principles  on  whicli  tliis 
asseition  is  founded,  see  a  sliort  article,  entitled  "Note 
on  Certain  Points  in  the  Theory  of  Heat,"  Cambrutye 
Mathomiticnl  Journal,  November,  1843. 

t  For  instance,  if  in  simple  proportion  to  the  cosine 
of  the  angular  distance  from  any  point  of  the  eartli's 
surface,  or  more  generally,  if  expressible  by  any  finite 
number  of  "  Laplace's  functions,"  or  still  more  gener- 
ally, if  expressible  by  a  series  of  "Laplace's  functions," 
with  co-etHiicnts  converging  ultimately  more  rapidly 
than  any  geometrical  series. 
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pearance  of  auroral  light  to  be  seen,  he  has,  in 
a  temporary  electric  observatory  in  the  Island  of 
Arran,  found  large  variations  (as  much  as  from 
a  certain  degree  to  double  and  back)  in  the  course 
of  a  minute  of  time.  The  influencing  electricity 
by  which  these  variations  were  produced,  cannot 
possibly  (unless  on  the  extremely  improbable  hy- 
pothesis of  their  being  due  to  highly  electrified 
exlra-teiTcstrial  matter  moving  very  rapidly 
with  reference  to  the  earth)  have  been  very  far 
removed  from  the  earth's  surface.  It  is  not  im- 
possible, and  we  have  as  j'et  nothing  to  make 
it  decidedly  improbable,  that  they  were  due  to 
fluctuations  up  and  down  of  aerial  strata,  perhaps 
those  of  the  great  atmospheric  currents,  in  high 
regions  of  the  atmosphere.  Judging,  however, 
from  still  more  recent  observations  referred  to 
below  (§  14),  we  may  think  it  more  probable 
that  these  remarkable  variations  in  the  observed 
electric  force  were  due  chiefly  to  positively  or 
negatively  electrified  masses  moving  along  within 
a  few  miles  of  the  locality  of  observation. — 

12,  Returning  to  the  subject  of  the  distribution 
of  electricity  over  the  earth's  surface  at  any 
instant,  we  maj'  remark,  that  if  over  an  area  of 
several  miles  in  diameter,  of  perfectly  level,  bare 
country,  or  of  sea,  the  electrical  density  is  sen- 
sibly uniform,  we  could  not,  without  going  up  in 
a  balloon,  and  observing  the  electiic  force  at 
points  in  the  air  above,  form  any  judgment 
whatever  as  to  the  distance  from  the  earth  at 
which  the  influencing  electricity  is  situated.  If, 
on  the  other  hand,  we  find  a  very  sensible  varia- 
tion in  the  electric  density  between  two  points  of 
a  piece  of  level,  open  country,  or  at  sea,  not  many 
miles  apart,  we  may  infer  as  quite  certain  that 
there  is  influencing  electricity  not  many  miles  up 
in  the  air,  and  not  uniformly  distributed  in  level 
strata.  Nothing  can  be  easier  than  to  make  this 
trial — only  to  observe  simultaneously  with  simi- 
lar instruments,  similarly  placed,  at  two  neigh- 
bouring stations,  in  a  suitable  locality — and  most 
interesting  and  important  results  are  to  be  derived 
from  it,  as  soon  as  arrangements  can  be  made  for 
continuing  the  requisite  observations  da\'  and 
night,  during  various  vicissitudes  of  weather, 
especially  during  a  time  of  perfect  serenity, — 

1 3.  Corresponding  statements  apply  to  a  moun- 
tainous country,  with  this  modification,  that  a 
very  varied,  instead  of  a  uniform  distribution  of 
electric  density,  is,  in  such  a  locality,  as  explained 
above  in  §  7,  the  natural  consequence  of  freedom 
from  the  disturbing  influence  of  near  electrified 
masses  of  air  or  cloud.  The  problem  of  accu- 
rately determining,  from  purely  geometric  data 
(§  6),  this  undisturbed  distribution  over  even  the 
smoothest  hillside,  would  infinitely  transcend  hu- 
man mathematical  power,  although  an  approxi- 
mate solution  may  be  readily  given  for  any  piece 
of  country  over  the  whole  of  which  both  the 
inclination  and  the  ratio  of  the  height  above  the 
general  level  to  the  radius  of  curvature  of  the 
surface  are  small.    For  a  rugged  mountainous 
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countrj',  the  most  perfect  geometric  data,  and 
the  most  strenuous  mathematical  efforts,  could 
scarcely  lead  us  towards  an  approximate  estimate 
of  the  inequalities  of  electric  density  which 
different  localities  must  present  without  any 
disturbance  from  near  electrified  atmosphere. 
Hence,  in  a  mountainous  country—  unless  we  find 
electricity  strong  in  some  locality  where  from  the 
configuration  of  the  surface,  we  correctly  judge  it 
ought  to  be  weak  if  undisturbed,  or  weak  where 
it  ought  to  be  strong,  or  unless,  at  least,  we  find 
some  very  decided  deviation  from  any  suili 
amount  of  difference  between  two  stations  as,  witli- 
out  being  able  to  make  a  precise  calculation,  we 
can  estimate  for  the  difference  due  to  figure — we 
cannot  judge  as  to  the  influence  of  aerial  electri- 
fication from  simultaneous  absolute  determina- 
tions at  any  one  instant  alone  But  of  one  thing 
we  may  be  sure,  that  although  the  absolute 
amounts  of  the  electrification  at  any  two  stations 
not  far  apart  may  differ  largely,  they  must  re- 
main in  an  absolutely  constant  proportion  to  one 
another,  if  there  is  no  electrified  air  or  cloud  near. 
— 14.  Hence,  if  we  find  observations  made  simul- 
taneously by  two  electrometers  in  neighbouring 
positions,  in  a  mountainous  countrj',  to  bear 
always  the  same  mutual  proportion,  we  may  not 
be  able  to  draw  any  inference  as  to  electrified  air; 
but  if,  on  the  contrary,  we  find  their  proportion 
varying,  we  may  be  perfectly  certain  that  there 
are  varying  electrified  masses  of  air  or  cloud  not 
far  off.  A  first  application  of  this  test  is  described 
in  the  following  extract  from  the  Proceedings  of 
the  Literary  and  Philosophical  Society  of  Jlan- 
chester  for  October  18,  1859  :— 

"  The  following  extract  of  a  letter  received  from 
Professor  W.  Thomson,  F.R.S.,  Glasgow,  Hono- 
rary Member  of  the  Society,  &c.,  was  read  by 
Dr.  Joule : — 

'"I  have  a  very  simple  "domestic"  apparatus 
by  which  I  can  observe  atmospheric  electricity  in 
an  easy  way.  It  consists  merely  of  an  insulated 
can  of  water  set  on  a  table  or  window  sill  inside, 
and  discharging  by  a  small  pipe  through  a  fine 
nozzle  two  or  three  feet  from  the  wall.  With 
only  about  ten  inches  head  of  water  and  a  dis- 
charge so  slow  as  to  give  no  trouble  in  replenish- 
ing the  can  with  water,  the  atmospheric  effect 
is  collected  so  quickly  that  any  difference 
potentials  between  the  insulated  conductor  an 
the  air  at  the  place  where  the  stream  fro 
the  nozzle  breaks  into  drops  is  done  away  wit 
at  the  rate  of  five  per  cent,  per  half  second,- 
or  even  faster.  Hence  a  very  moderate  de- 
gree of  insulation  is  sensibly  as  good  as  perfect, 
so  far  as  observing  the  atmospheric  effect 
concerned.  It  is  easy,  by  my  plan  of  drying*?' 
the  atmosphere  round  the  insulating  stems  by 
means  of  pumice  stone  moistened  with  sulphuric 
acid,  to  insure  a  degree  of  insulation  in  all 
weathers,  by  which  there  need  not  be  more  than 
five  per  cent,  per  hour  lost  by  it  from  the  ntmo- 
spheric  apparatus  at  any  time.  A  little  attention 
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'  keep  the  outer  part  of  the  conductor  cleai-  of 
lider  lines  is  necessary.  The  apparatus  I  em- 
loj-ed  at  Invercloy  stood  on  a  table  beside  a 
^^  indow  on  the  second  floor,  which  was  kept  open 
about  an  inch  to  let  the  discharging  tube  project 
iiit  witliout  coming  in  contact  with  tlie  frame, 
i  he  nozzle  was  only  about  two  feet  and  a-hall 
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rom  the  wall,  and  nearly  on  a  level  with  the 
A  indow  sill.  The  di%'ided  ring  electrometer  stood 
>n  the  table  beside  it,  and  acted  in  a  very  satis- 
actory  way  (as  I  had  supplied  it  with  a  Leyden 
hial,  consisting  of  a  common  thin  white  glass 
hade,  which  insulated  remarkably  well,  mstead 
■f  the  German  glass  jar— the  second  of  the  kind 
i  iiich  I  had  tried,  and  which  would  not  hold  its 
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charge  for  half  a  day). — I  found  from  13^°  to 
14°  of  torsion  required  to  bring  the  index  to  zero, 
when  urged  aside  by  the  electromotive  force  of 
ten  zinc-copper  water  cells.  The  Leyden  phial 
held  so  well,  that  the  sensibility  of  tiie  electro- 
meter, measured  in  that  way,  did  not  fall  more 
than  from  13i°  to  13^°  in  three  days.  The 
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atmospheric  effect  ranged  from  30°  to  above  420  ' 
during  the  four  days  which  I  had  to  test  it;  that 
is  to  say,  the  electromotive  force  per  foot  of  air, 
measured  horizontally  from  the  side  of  the  house, 
was  from  9  to  above  12G  zinc-copper  water  cells. 
The  weather  was  almost  perfectly'  settled,  either 
calm,  or  with  slight  east  wind,  and  in  general  an 
easterly  haze  in  the  air.    The  electrometer  twice 
within  half  an  hour  went  above  420°,  there 
being  at  the  time  a  fresh  temporary  breeze  from 
the  east.    What  I  had  previously  observed  re- 
garding the  effect  of  east  wind  was  amply  con- 
firmed. Invariably  the  electrometer  showed  very 
high  positive  in  fine  weather,  before  and  during 
east  wind.    It  generally  rose  very  much  shortly 
before  a  slight  puff  of  wind  from  that  quarter, 
and  continued  high  till  the  breeze  would  begin 
to  abate.  I  never  once  observed  the  electrometer 
going  up  unusually  high  during  fair  weather 
without  east  wind  following  immediately  One 
evening  in  August  I  did  not  perceive  the  east 
wind  at  all,  when  warned  by  the  electrometer 
to  expect  it ;  but  I  took  the  precaution  of  bring- 
ing my  boat  up  to  a  safe  part  of  the  beach,  and 
immediately  found  by  waves  coming  in  that  the 
wind  must  be  blowing  a  short  distance  out  at 
sea,  although  it  did  not  get  so  far  as  the  sliore. — 
I  made  a  slight  commencement  of  the  electro- 
geodesy  which  I  pointed  out  as  desirable  at  the 
British  Association,  and  in  the  course  of  two 
days,  namely,  October  10th  and  11th,  got  some 
very  decided  results.  Macfarlane,  and  one  of  my 
former  laboratory  and  Agamemnon  assistants, 
Russell,  came  down  to  Arran  for  that  purpose. 
Mr.  Russell  and  I  went  up  Goatfell  on  the  10  th 
instant,  with  the  portable  electrometer  (see  Fig.  H), 
and  made  observations,  while  Mr.  Macfarlane  re- 
mained at  Invercloy,  constantly  observing  and  re- 
cording the  indications  of  the  house  electrometer. 
On  the  11th  instant  the  same  process  was  con- 
tinued, to  observe  simultaneously  at  the  house  an, I 
at  one  or  other  of  several  stations  on  the  way  up 
Goatfell.    I  have  not  yet  reduced  all  the  obser- 
vations; but  I  see  enough  to  leave  no  doubt 
wiiatever  but  that  cloudless  masses  of  air  at  no 
great  distance  from  the  earth,  certainly  not  more 
than  a  mile  or  two,  influence  the  electrometer 
largely  by  electricity  which  they  carry.    This  I 
conclude  because  I  find  no  constancy  in  the 
relation  between  the  simultaneous  electrometric 
indications  at  the  different  stations.  Between 
the  house  and  the  nearest  station  the  relative 
variation  was  least.    Between  the  house  and  a 
station  about  half  way  up  Goatfell,  at  a  distance 
estimated  at  two  miles  and  a-half  in  a  right  line 
the  number  expressing  the  ratio  varied  from' 
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about  113  to  3G0  in  the  course  of  about  tlirce 
hours.    On  two  different  mornings  the  ratio  of 
the  house  to  a  station  about  sixty  yards  distant 
on  the  road  beside  the  sea  was  97  and  96  respec- 
tively.   On  the  afternoon  of  the  11th  instant, 
during  a  fresti  temporarj'  breeze  of  east  wind, 
blowing  up  a  little  spray  as  far  as  the  road 
station,  most  of  which  would  fall  short  of  the 
liouse,  the  ratio  was  1 08  in  favour  of  the  house 
electrometer— both  standing  at  the  time  very 
high — the  house  about  350°.     I  have  little 
doubt  but  that  this  was  owing  to  the  negative 
electricity  carried  by  the  spray  from  the  sea, 
which  would  diminish  relatively  the  indica- 
tions of  the  road  electrometer.'" — 15.  The  elec- 
trometers referred   to   in   the  preceding  ex- 
tract were  on  two  different  plans.    The  first,  or 
"  divided  ring  electrometer,"  consists  of — (1),  A 
ring   of  metal  divided  into  sectors,  of  which 
some — one  or  more — are  insulated  and  connected 
with  the  conductor  to  be  electrically  tested,  and 
the  remainder  connected  with  the  earth.  (2), 
An  index  of  metal  supported  by  a  glass  fibre,  or 
a  wire,  stretched  in  the  line  of  the  axis  of  the 
ring,  and  capable  of  having  its  fixed  end  turned 
through  angles  measured  by  a  circle  and  pointer. 
(3),  A  Leyden  phial,  with  its  insulated  coating 
electrically  connected  with  the  index.    (4),  A 
case  to  protect  the  index  from  currents  of  air, 
and  to  keep  an  artificially  dried  atmosphere 
round  the  insulating  supports— glazed  to  allow 
the  index  to  be  seen  from  without,  but  with  the 
inner  surface  of  the  glass  screened  (electrically) 
by  wire  cloth,  perforated  metal,  or  tinfoil,  to  do 
away  with  irregular  reflections  on  the  index.  In 
the  instrument  represented  in  the  drawing  (No. 
2)  above,  the  ring  is  divided  into  only  two  parts, 
which  are  equal,  and  separated  by  a  space  of  air 
about      of  an  inch.    Each  of  these  half  rings 
is  supported  on  two  glass  pillars;  and  by  means  of 
screws  acting  on  a  foot  which  bears  these  pillars, 
it  is  adjusted  and  fixed  in  its  proper  position. 
The  index  is  of  thin  sheet  aluminium,  and  pro- 
jects in  only  one  direction  from  the  glass  fibre 
bearing  it.    A  stiff  vertical  wire,  rigidly  con- 
nected with  it,  nearly  in  the  prolongation  of  the 
fibre,  bears  a  countei-poise  considerably  below  the 
level  of  the  index,  and  heavy  enough  to  keep 
the  index  horizontal.    A  thin  platinum  wire 
hooked  to  the  lower  end  of  this  vertical  wire,  dips 
in  sulphuric  acid  in  the  bottom  of  the  Leyden 
phial.    The  Leyden  phial  is  charged  either  posi- 
tively or  negatively ;  and  is  found  to  retain  its 
charge  for  months,  losing,  however,  gradually, 
at  some  slow  rate,  less  generally  than  one  pur 
cent,  per  day  of  its  amount.     The  index  is 
thus,  when  the  instrument  is  in  use,  kept  in  a 
state  of  charge  corresponding  to  the  potential  of 
tlie  inside  coating  of  the  phial.    'When  one  of 
the  half  rings  is  connected  with  the  earth,  and 
a  charge  of  electricity  communicated  to  the 
other,  the  index  moves  from  or  towards  the 
latter,  according  ns  the  charge  communicated 
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to  it  is  of  the  same  or  the  opposite  kind  to  that 
of  the  index.     This  instrument,  as  an  elec- 
troscope,  possesses  extreme  sensibility — much 
greater  than  that  of  Rny  other  hitherto  con- 
structed ;  and  by  the  aid  of  the  torsion  arrange- 
ment, it  may  be  made  to  give  accurate  metri- 
cal results.    There  are  some 
difficulties  in  the  use  of  it,  espe- 
cially as  regards  the  compari- 
son of  the  indications  obtained 
with  different  degrees  of  elec- 
trification of  the  index,  and 
the  reduction  of  the  results 
to  absolute  measure,  hitherto 
obviated  only  by  a  daily  ap- 
plication of  Delmann's  method 
of  reference  to  a  zinc-copper 
water  batterj%  which  Delmann 
himself  applies  once  for  all,  to 
one  of  his  electrometers  (un- 
less his  glass  fibre  breaks,  when 
he  must  make  a  fresh  deter- 
mination of  the  sensibility  of 
the  instrument  with  its  new 
fibre).   The  high  sensibility  of 


Fig.  3.— Portable  Atmospheric  Electrometer. 

the  divided  ring  electrometer  renders  this  lest 
really  very  easy,  as  not  more  than  from  ten  to 
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wenty  cells  are  required;  and  a  comparison  with 
I  few  good  cells  of  DanieH's  may  be  made  by  its 
lid,  to  ascertain  the  absolute  value  and  the  con- 
tancy  of  the  water  cells.  The  difficulty  thus  met 
j  altogether  done  away  with  in  another  kind  of 
dectrometer,  also  "heterostatic,"  of  which  only 
me  has  yet  been  constructed — the  electrometer 
if  the  portable  apparatus  shown  in  the  third 
1  rawing.    In  it  the  index  is  attached  at  right 
ingles  to  the  middle  of  a  fine  platinum  wire, 
irmly  stretched  between  the  inside  coatings 
f  two  Leyden  phials,  and  consists  simply  of  a 
ery  light  bar  of  aluminium,  extending  equally 
•n  the  two  sides  of  the  supporting  wire.    It  is 
epelled  by  two  short  bars  of  metal,  fixed  on  the 
wo  sides  of  the  top  of  a  metal  tube,  which  is  sup- 
■orted  by  the  inside  coating  of  the  lower  phial, 
nd  has  the  fine  wire  in  its  axis.  A  conductor  of 
uitable  shape,  bearing  an  electrode,  to  connect 
nth  the  body  to  be  tested,  insulated  inside  the 
ase  of  the  instrument,  in  the  neighbourhood  of 
he  index,  and  when  electrified  in  the  same  wa}', 
r  the  contrary  way,  to  the  inside  coatings  of  the 
.eyden  phials,  causes,  by  its  influence,  the  re- 
ulsion  between  the  index  and  the  fixed  bars  to 
e  diminished  or  increased.    The  upper  Leyden 
hial  is  moveable  about  a  fixed  axis,  through 
ngles  measured  by  a. pointer  and  circle,  and 
lus  the  amount  of  torsion,  in  one-half  of  the 
earing  wire,  required  to  bring  the  index  to  a 
Dnstant  position,  in  any  case,  is  measured.  The 
:iuare  root  of  the  number  of  degrees  of  torsion 
leasnres  the  difference  of  potentials  between  the 
jnductor  tested  and  the  inner  coating  of  the 
eyden  phial.    In  using  the  instrument,  the 
inductor  tested  is  first  put  in  connection  with 
18  earth,  and  the  torsion  required  to  bring  the 
idex  to  its  fixed  position  is  read  off.    This  is 
illed  the  zero,  or  earth  reading.    The  tested 
inductor  is  then  electrified,  and  the  torsion 
wading  taken.    In  the  atmospheric  application, 
lis  is  called  the  air  reading.    The  excess — 
jsitive  or  negative— of  its  square  root,  above 
lat  of  the  zero  reading,  measures  the  electro- 
lotive  force  between  the  earth  and  the  point  of 
r  tested.    This  result,  when  positive  shows 
itreous,  when  negative  resinous  potential  in  the 
r;  if  the  index  is  resinous.    By  the  aid  of 
arlow's  table  of  square  roots,  the  indications  of 
le  instrument  may  thus  be  reduced  to  definite 
leasure  of  potential,  almost  as  quickly  as  they 
in  be  written  down.    Once  for  all,  the  sensi- 
■hty  of  the  instrument  can  be  determined  by 
)mparison  with  an  absolute  electrometer,  or  a 
ilvamc  battery.    In  the  portable  apparatus  a 
ummg  match  is  used— instead  of  the  water- 
ropping  system,  which  the  writer  finds  more 
mvenient  than  any  other  for  a  fixed  appara- 
i3-to  reduce  the  insulated  conductor  to  the 
ime  potential  as  the  air  at  its  end._16  As 

il'J'fl-'"""?''"^  (§  4),  it  is  the 

lectnfication  of  the  earth's  surface  which  has 
ither  directly  or  virtuaUy  been  the  subject  of 
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measurement  in  all  observations  on  atmospheric 
electricity  hitherto  made.    The  methods  which 
have  been  followed  may  be  divided  into  two 
classes— (1),  Those  in  Avhich  means  are  taken  to 
reduce  the  potential  of  an  insulated  conductor  to 
the  same  as  that  of  the  air,  at  some  point,  a  few 
feet  or  yards  distant  from  the  earth.    (2),  Those 
in  which  a  portion  of  the  earth  (see  above,  §  1) 
is  insulated,  removed  from  its  position,  and  tested 
by  an  electrometer,  in  a  different  position,  or 
under  cover.    The  first  method  was  very  imper- 
fectly carried  out  by  Beccaria  with  his  long  "  ex- 
ploring wire,"  stretched  between  insulating  sup- 
ports, on  elevated  portions  of  buildings,  tree 
tops,  or  other  prominent  positions  of  the  earth 
(see  above,  §  1) ;  also,  very  imperfectly  by  means 
of  "Volta's  lantern"— an  enclosed  flame,  sup- 
ported on  the  top  of  an  insulated  conductor.  On 
the  other  hand,  it  is  put  in  practice  very  per- 
fectly, by  means  of  a  match,  or  flame  burning  in 
the  open  air,  on  the  top  of  a  well-insulated  con- 
ductor—a plan  adopted,  after  Volta's  suggestion, 
by  many  observers ;  also,  even  more  decidedly, 
by^  means  of  the  water-dropping  system — de- 
scribed in  the  preceding  extract — which  has  re- 
cently occurred  to  the  writer,  and  has  been  found 
by  him  both  to  be  very  satisfactory  in  its  action, 
and  extremely  easy  and  convenient  in  practice. 
The  principle  of  each  of  these  methods  of  the  first 
class  may  be  explained  best  by  fiist  consider- 
ing the  methods  of  the  second  class,  as  follows: — 
17.  If  a  large  sheet  of  metal  were  laid  on  the 
earth  in  a  perfectly  level  district,  and  if  a  circu- 
lar area  of  the  same  metal  were  laid  upon  it,  and, 
after  the  manner  of  Coulomb's  proof  plane,  were 
lifted  by  an  insulated  handle,  and  removed  to  an 
electrometer  within  doors,  a  measure  of  the  earth's 
electrification,  at  the  time,  would  be  obtained ; 
or,  if  a  ball,  placed  on  the  top  of  a  conducting  rod 
in  the  open  air,  were  lifted  from  that  position  by 
an  insulating  support,  and  carried  to  an  electro- 
meter within  doors,  we  should  also  have,  on  pre- 
cisely the  same  principle,  a  measure  of  the  earth's 
electrification  at  the  time.    If  the  height  of  the 
ball  in  this  second  plan  were  equal  to  one  sixteenth  ' 
of  the  circumference  of  the  disc  used  in  the  first 
plan,  the  electrometric  indications  would  be  the 
same,  provided  the  diameter  of  the  ball  is  small, 
in  comparison  with  the  height  to  which  it  is  raised 
in  the  air,  and  the  electrostatic  capacity  of  the 
electrometer  is  small  enough  not  to  take  any 
considerable  proportion  of  the  electricity  fi-om  the 
ball  in  its  application.    The  idea  of  experiment- 
ing by  means  of  a  disc  laid  flat  on  the  earth,  is 
merely  suggested  for  the  sake  of  illustration,  and 
would  obviously  be  most  inconvenient  in  prac- 
tice.   On  the  other  hand,  the  method,  by  a  car- 
rier ball,  instead  of  a  proof  plane,  is  precisely 
the  method  by  which,  on  a  small  scale,  Faraday 
investigated  the  distribution  of  electricity  in- 
duced on  the  earth's  surface  (see  above,  §  IJ,  by 
a  piece  of  rubbed  shellac ;  and  the  same  method, 
applied  on  a  suitable  scale,  for  testing  the  natural 
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electrification  of  the  earth  in  the  open  air,  has 
given,  in  the  hands  of  Delmann  of  Creuznach, 
the  most  accurate  results  hitherto  published  in 
the  way  of  electro-meteorological  observation.* — 
18.  If,  now,  we  conceive  an  elevated  conductor, 
first  belonging  to  the  earth  (§  1),  to  become  in- 
sulated, and  to  be  made  to  throw  off,  and  to  con- 
tinue throwing  off,  portions  from  an  exposed  posi- 
tion of  its  own  surface,  this  part  of  its  surface 
will  quickly  be  reduced  to  a  state  of  no  electrifi- 
cation, and  the  whole  conductor  will  be  brought 
to  such  a  potential  as  will  allow  it  to  remain  in 
electrical  equilibrium  in  the  air,  with  that  portion 
of  its  surface  neutral.  In  other  words,  the  po- 
tential throughout  the  insulated  conductor  is 
brought  to  be  the  same  as  that  of  the  particular 
equi-potential  surface  in  the  air,  which  passes 
through  the  point  of  it  from  which  matter  breaks 
away.  A  flame,  or  the  heated  gas  passing  from 
a  burning  match,  does  precisely  this :  the  flame 
itself,  or  the  highly-heated  gas  close  to  the 
match  being  a  conductor  which  is  constantly  ex- 
tending out,  and  gradually  becoming  a  non-con- 
ductor. The  drops  into  which  the  jet  issuing 
IVom  the  insulated  conductor,  on  the  plan  intro- 
duced by  the  writer,  produce  the  same  effects, 
with  more  pointed  decision,  and  with  more  of 
dynamical  energy  to  remove  the  rejected  matter 
with  the  electricity  which  it  carries  from  the 
neighbourhood  of  the  fixed  conductor. 

Electricity  :  Velocity  of.— The  velocity  of 
the  transmission  of  electricity  has  been  a  sub- 
ject of  careful  inquiry,  and  of  extremely  in- 
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teresting  experiments,  on  the  part  of  several 
distinguished  Phyticislg;  foremost  among  whom 
rank  Professor  Wheatstone  and  MM.  Fizeau 
and  Gonnelle.  The  nature  of  the  apparatus 
used  has  been  alluded  to  under  Chrono- 
8COPE ;  and  also,  at  some  length,  under  Light, 
Velocity  of.  The  chief  results  are  the  follow- 
ing:— Mr.  Wheatstone  found  that  electricity, 
can  travel  at  a  rate  one  and  a-half  times  greater 
than  that  of  light :  in  other  words,  "  that  the 
electric  spark  would  go  round  our  globe  between 
seven  and  eight  times  in  one  second."  According 
to  Fizeau  and  Gonnelle  (whose  results  are  virtually 
confirmed  by  Mr.  Mitchel  of  Cincinnati),  the 
beginning  of  an  electric  current  may  be  trans- 
mitted along  a  copper  wire  at  a  velocity  which  is 
not  greater  than  three-Jifths  the  velocity  of  light. 

Still  greater  discrepancies  are  shown  by  exten- 
sions of  experiments,  with  the  same  object  in 
view,  to  varied  circumstances  of  insulation  and 
length  in  the  conductors  experimented  on.  For 
instance,  trials  in  Queenstown  Harbour,  in  July, 
1856,  when  the  two  portions  of  the  first  Atlantic 
cable,  on  board  H.M.S.  Agamemnon  and  the 
U.S.  steam  frigate  Niagara,  were  for  the  first 
time  joined  into  one  conductor,  2,500  statute 
miles  in  length,  gave  about  If  seconds  as  the 
time  of  transmission  of  a  signal  from  induction 
coils,  through  that  length;  corresponding  to  a 
velocity  of  1,400  miles  per  second.  The  following 
table  contains  some  of  the  chief  results  hitherto 
published  as  evaluations  of  the  "  velocity"  of  the 
trensmission  of  electricity  : — 


Miles  per  second. 

f  Wheatstone  in  1834,  with  copper  wire,   288,000 

t  Walker  in  America  with  telegraph  iron  wire,    18,780 

t  O'Mitchell,    ditto,                   ditto,    28,524 

t  Fizeau  and  Gonnelle  (copper  wire),    112,680 

t  Ditto,                    (iron  wire),    62,600 

X  A.  B.  G.  (copper)  London  and  Brussels  telegraph,    2,700 

X  Ditto      (copper)  London  and  Edinburgh  telegraph,   7,600 

Induction  coils  through  2,500  miles  Atlantic  cable,  tested  by  heavy  needle 

galvanometer,  Queenstown,  1857,   1,430 

Daniell's  battery  through  3,000  miles  Atlantic  cable,  tested  by  mirror  gal- 
vanometer, Devonport,  1858,  «   8,000 


Now  it  is  obvious,  from  the  results  whi.h  have 
been  quoted,  that  the  supposed  "velocity"  of 
transmission  of  electric  signals  is  not  a  definite 
constant  like  the  velocity  of  light,  even  when  one 
definite  substance,  copper,  is  the  transmitting 
medium,  but  is  largely  influenced  by  the  circum- 
stances in  which  the  conductor  is  placed,  being, 
for  instance,  much  greater  when  the  wire  is  insu- 
lated in  air  on  poles  than  when  it  is  surrounded  by 


*  Tlirough  some  misapprehension,  Mr.  Delmann 
liimself  has  not  perceived  that  his  own  metliod  of 
obseiTation  really  consists  in  removing  a  portion  of 
the  earth,  and  bringing  it  insulated  with  the  electricity 
which  it  possessed  in  situ,  to  be  tested  within  doors, 
otherwise,  lie  could  not  have  objected,  as  lie  has,  to 
Pc]ti6r*8  view 

+  Uehig  and  Kopp's  Kcport,  1850  (translated),  p.  1C8. 

t  Athenasura,  i4th  January,  1854,  p. 
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gutta  percha  and  iron  sheathing,  and  either  sub- 
merged, or  in  coils  as  on  board  ship.  Further,  it 
is  to  be  remarked  that  even  in  conductors,  in  pre- 
cisely similar  lateral  circumstances,  the  apparent 
"velocity"  is  greater  the  smaller  the  length 
of  the  conductor  used.  Lastly,  we  may  allude 
to  the  fact  that  some  experimenters  and  writera 
have  maintained,  that  the  velocity  of  the  trans- 
mission of  electric  signals  diflfers  with  the  source 
of  excitation,  being  on  the  whole  greater,  the 
more  intense  and  sudden  is  the  electric  impulse 
applied ;  while,  on  the  highest  authority,  it  has 
been  maintained  that  the  velocity  of  transmissioa 
is  quite  independent  of  the  intensity  of  tlie  source. 
Among  all  these  discrepancies  between  the  state- 
ments of  careful  experimenters  and  writers  of 
high  intelligence,  how  is  tlie  truth  to  be  under- 
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tood?  We  cannot  doubt  the  general  accuracy 
f  their  results ;  and  if  their  statements  and  con- 
iusions  are  contradictor)',  we  may  be  sure  that 
a  explanation  is  to  be  found  in  a  comprehen- 
ve  theory  of  the  subject.  It  would  carry  us 
luch  beyond  the  limits  of  the  present  article  to 
o  more  than  sketch  very  slightly  the  chief 
lints  of  electro-dynamic  theory  which  are  in- 
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Ived. 


In  the  first  place,  it  must  be  considered  that 
iree  properties  of  electricitj-,  in  the  present  state 
'  science  not  understood  except  as  quite  distinct 
om  one  another,  are  concerned  in  the  transmis- 
on  of  an  electric  signal  along  an  insulated  con- 
ictor : — (1),"  Charge"  or  electrical  accumulation 
a  conductor  subjected  in  any  way  to  the  pro- 
3s  of  electrification.  (2),  "Electro-magnetic  in- 
jction,"  or  electromotive  force  excited  in  a 
nductor  by  variations  of  electric  currents,  either 
adjacent  conductors  or  in  different  parts  of 

■  owTi  length.  (3),  Resistance  to  conduction 
rough  a  solid.  We  may  illustrate  these  three 
operties  of  electricity  in  an  elongated  conductor, 
ch  as  a  telegraph  wire,  by  considering  their 
drodynamical  analogies  for  water  in  a  canal  or 
a  tube:  — (1),  Accumulation  of  a  greater  or  less 
antity  of  water  in  any  part  of  the  canal  or  tube. 
),  Inertia  of  the  water.  (3),  Viscosity  or  fluid 
ction.  If  the  first  did  not  exist,  as  would  be 
3  case  if  the  water  were  iocompressible,  and  if 
were  inclosed  in  a  perfectly  rigid  channel  or 
36,  completely  filled  by  it,  the  velocity  of  water 
vving  along  the  canal  would  necessarily  be  the 
ue  throughout  its  length.  In  these  imaginary 
cumstances,  if  a  piston  is  pressed  into  the  tube 
one  end,  the  effect  in  moving  the  water  must 
nmence  simultaneously  along  the  whole  length, 

1^1  the  velocity  of  transmission  of  a  water  pressure 
nnal  must  be  infinite  (although,  of  course,  the 
ssdmum  strength  of  current  producible  by  the 
CB»  applied  cannot  be  acquired  in  an  instant,  be- 

^ise  of  the  inertia  of  the  water).  But,  in  reality, 
Jeter  is  somewhat  compressible,  and  therefore^ 
nm  in  a  perfectly  rigid  tube,  the  immediate  con- 
auence  of  pushuig  forward  a  piston  at  one  end, 
do  cause  a  condensation,  and  therefore  accu- 
lalation  of  water  in  the  near  parts;  and,  accord- 

■  to  the  dynamical  theory  of  sound,  the  first 
cict  only  reaches  a  distant  part  of  the  tube  after 
ainite  time,  corresponding  to  a  constant  velo- 

called  the  velocity  of  sound,  which  depends 
W  on  the  compressibility  and  the  inertia  of 
i  fluid.  If  the  tube  inclosing  the  fluid,  instead 
i^being  perfectly  rigid,  be,  as  every  real  sub- 
ioace  is,  to  a  greater  or  less  degree,  somewhat 
i»ansible,  the  transmission  of  an  impulse  will 
modified— in  general  retarded— and  to  a  very 
at  degree,  if  it  consist  of  such  a  substance  as 
iia-nibber,  when  the  compressibility  of  the 
™r  Itself  will  not  come  sensibly  into  plav,  and 
5  first  appreciable  impulse,  received  at  the  re- 
"  ^  end,  will  come  in  a  time  depending  on  the 
^tia  of  the  fluid  and  the  lateral  yielding  of  th' 
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tube,  and  corresponding  to  a  velocity  much  in- 
ferior to  that  of  sound  in  the  fluid  itself.  Nearly 
the  same  law  of  motion  will  be  followed  under 
the  influence  of  gravitation,  instead  of  elasticity, 
by  water  in  a  canal,  when  a  quantity  of  water, 
not  enough  at  any  time  to  increase  or  diminish 
the  depth  of  the  canal  in  any  part  by  a  difference 
considerable  in  proportion  to  the  whole  depth,  is 
admitted  or  drawn  off  from  either  end.  If, 
lastlj',  the  viscosity  of  the  fluid  is  taken  into 
account  in  any  of  these  cases— and  if,  to  make 
the  law  of  resistance  to  the  motion  of  the  fluid 
through  its  channel  be  the  same  as  that  of  the 
resistance  to  conduction  of  electricity  through,  a 
solid  wire,  we  suppose  the  whole  interior  of  the 
channel  to  be  filled  with  porous  or  spongy  matter, 
or  to  be  closely  set  with  transverse  barriers,  filled 
with  minute  apertures,  the  hydro-dynamical  pro- 
blem presents  precisely  the  same  elements  for  a 
mathematical  calculation  of  the  results,  and  the 
law  of  motion  is  expressed  by  the  same  partial 
differential  equation  as  we  have  in  the  electrical 
problem  to  determine  the  laws  of  the  transmis- 
sion of  electric  signals  through  telegraphic  lines, 
either  extended  on  poles  through  the  air,  or  in- 
sulated under  the  sea  in  the  usual  manner  of 
submarine  cables.    In  a  line  insulated  in  the  air 
on  poles  the  electrostatic  capacity  is  extremely 
small,  and  the  transmission  of  signals  follows 
laws  agreeing  closely  in  character  with  those  of 
the  transmission  of  pressure  impulses  through 
water  or  air  contained  in  a  long  rigid  tube.  Ac- 
cordingly, a  definite  velocity  of  propasration  of 
electric  impulses,  depending  on  the  inertia  and 
the  capacity  for  charge,  is  to  be  looked  for,  as 
has  been  done  in  a  first  article,  published  by 
Kirchof,  on  the  subject ;  and  a  law  of  extinction, 
identical  ivith  that  of  sound  in  a  rigid  tube, 
when  sensibly  influenced  by  the  viscosity  of  the 
fluid,  will  be  required  to  complete  the  theory  by 
expressing  the  effect  which  resistance  to  conduc- 
tion produces  on  the  motion  of  electricity  through 
the  wire,  as  the  same  able  mathematician  has 
found  in  a  subsequent  investigation,  recently  pub- 
lished.   This  theory  points  to  a  velocity  of  pro- 
pagation for  electric  signals  in  a  telegraph  wire 
considerably  greater  than  that  of  light,  and  is  so 
far  in  accordance  with  Wheatstone's  observation ; 
but  It  must  be  admitted  that  the  foundation  is 
incomplete  on  one  important  point— the  electro- 
magnetic induction  which  determines  what  we 
have  called  the  "electric  inertia;"  and  until 
this  lacuna  is  filled  up,  it  cannot   be  con- 
sidered that  we  have  a  precise  determination  of 
the  velocity  of  an  electrical  impulse,  or  of  the 
time  of  an  electrical  oscillation  through  a  tele- 
graph wire  in  any  circumstances.    That  it  must 
be  so  great  as  not  sensibly  to  contribute  to  tlie 
retardations  of  signals,  or  in  any  other  way 
affect  the  practical  working  of  submarine  lines 
is  a  fundamental   assumption  made    by  W.' 
Thomson  in  his  mathematical  theory  of  the 
-iibmarine  telegraph,  and  justified  by  the  fol- 
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lowing  considerations:— (1),  That  anv  agency 
ilepending  on  electric  inertia  must  give  rise  to 
retardations  and  certain  other  effects,  in  simple 
proportion  to  the  lengths  of  line  used ;  and  there- 
fore, that  if  any  such  effects  bear  a  considerable 
part  in  the  remarkable  phenomena  observed  in 
signalling  through  submarine  lines  of  300  miles 
and  upwards  in  length,  they  must,  in  lines  of 
shorter  length,  give  results  very  different  from 
those  actually  observed.  (2),  That  the  character 
of  the  phenomena  actually  observed  in  submarine 
lines  presents  no  feature  attributable  to  electric 
inertia.  (3),  That  a  mathematical  investigation, 
not  j'et  published,  showed  that  mutual  electro- 
magnetic induction  between  the  different  conduc- 
tors either  of  an  ordinary  multiple  wire  cable  (in 
which  the  gutta  percha  coats  of  the  different 
wires  are  each  moistened  all  around  by  the  sea 
water),  or  of  a  cable  with  two  or  more  wires 
insulated  in  one  continuous  mass  of  gutta  percha, 
and  consequently  electro- magnetic  "inertia,"  in 
a  single  submarine  conductor,  cannot  be  sensible 
in  comparison  to  what  he  called  "peristaltic 
induction,"*  if  the  length  of  the  line  be  more 
than  one  hundred  miles ;  although  in  lines  of  ten 
miles  or  less,  effects  of  the  former  class,  being  in 
proportion  to  the  length  of  the  line,  may  actually 
preponderate  over  effects  of  the  latter,  which  are 
in  proportion  to  the  square  of  the  length  of  the 
line. 

The  theory  founded  upon  this  assumption, 
excluding  the  second  of  the  three  properties  of 
electric  action  mentioned  above,  must  of  course 
rest  on  the  first  and  third;  and  its  fundamental 
principles  are  therefore  the  law  of  charge  and  the 
law  of  conduction.  The  retardations  which  it 
shows  (depending  on  slowness  of  viscosity,  not 
slowness  of  "  inertia ")  follow  the  law  which 
Fourier  long  ago  discovered  in  his  beautiful 
mathematical  theory  of  the  conduction  of  heat 
through  a  long  bar  (the  "  linear  propagation  of 
heat").  Thus  an  instantaneous  application  of 
electromotive  force  at  one  end  of  an  indefinitely 
extended  line,  gives  rise  to  a  long  gradual  swell, 
and  still  more  gradual  subsidence,  of  electric 
current  through  any  distant  part  of  the  conductor, 
the  instant  when  the  maximum  strength  of  this 
current,  or  its  maximum  rate  of  increase,  or  its 
maximum  rate  of  diminution,  or  when  any 
stated  proportion  of  the  maximum  is  reached  by 
the  rising  or  falling  flow  at  any  point  of  the 
line,  is  later  than  the  time  of  the  initial  impulse 
by  an  interval  increasing  in  proportion  to  the 
square  of  the  distance  from  the  origin.  The 
beginning  of  the  current  is  instantaneous  all 
along  the  line,  according  to  this  theory; — is  in 
reality  delayed  only  by  electric  inertia,  and  that 
not  at  all  se'nsibly,  and  is  practically  observable 
after  a  smaller  and  smaller  interval,  the  more 
sensitive  the  instrument  employed  to  detect  it. 

Thus,  in  Queenstown  Harbour,  in  1857,  the 

•  In<lucUou  of  charge  by  electrostatic  force. 
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ordinary  telegraph   galvanometers  and  relays 
employed  in  observing  the  transmission  of  signals 
through  the  2,500  miles  of  cable  on  board  the 
two  ships,  gave  their  indications  after  a  retarda- 
tion of  1|  seconds  from  the  instant  of  the 
application  of  an  electro-magnetic  impulse  at 
the  remote  end.    At  Keyham,  in  1858,  before 
the  cable  was  again  taken  to  sea,  a  quicker  and 
more  sensitive  instrument — Thomson's  mirror  | 
galvanometer — gave  a  sensible  indication  of  the  i 
rising  current  at  one  end  of  3,000  miles  of  cable  i 
about  a  second  after  the  application  of  a  Daniell's  { 
battery  at  the  other.  i 

Observations  with  the  same  instrument,  or  i 
with  different  instruments  of  the  same  degree  of 
sensibility,  and  with  coils  presenting  no  sensible  ( 
resistances  in  comparison  with  the  whole  resis-  j 
tance  in  the  line,  would,  if  the  insulation  of  the  • 
line  were  perfect,  show  retardations  proportional  i 
to  the  squares  of  the  distances  travelled  over  by  | 
the  impulse,  provided  the  battery  power  is  varied  i 
in  simple  proportion  to  the  distance.  In  other  i 
words,  the  "  velocity  "  of  propagation  might  be 
said  to  be  inversely  proportional  to  the  distance 
travelled.  A  rigorous  verification  of  this  law 
cannot  be  obtained  in  practice,  because  perfect 
insulation  is  unattainable ;  but  one  striking  fact, 
alluded  to  above,  is  clearly  explained  by  it — that, 
on  the  whole,  the  greater  the  length  of  line  used, 
the  less  has  been  found  the  apparent  velocity. 

With  reference  to  the  velocity  of  propagation 
of  regularly  continued  periodic  impulses,  whether 
from  battei-y  or  from  induction  coils,  applied  at 
one  end  of  a  long  submarine  wire,  the  mathe- 
matical theory  has  given  results  identical  with 
those  which  Fourier  found  in  his  investigation  of 
the  propagation  of  the  summer  heat  and  winter 
cold  into  the  earth ;  and  it  thus  appears  that,  in 
a  telegraphic  line  of  indefinite  length,  with  a  , 
regular  harmonic  variation  of  potential  applied  at  ^ 
o  le  point — (1),  The  retardations  of  maxima,  of  i 
zeros,  and  of  minima  of  potential  and  of  current, 
are  in  simple  proportion  to  the  distances  along 
the  line.  (2),  The  magnitudes  of  the  effect 
diminish  in  geometrical  progression^  at  equal 
intervals  of  greater  and  greater  distance  along 
the  line.  (3),  The  velocity  of  propagation  of 
the  phases  mentioned  in  No.  1  is  inversely  pro- 
portional to  the  square  root  of  the  periodic  time. 

For  further  information  on  this  subject,  see 
Electric  Telegraph. 

ReI'Erences. — Faraday,  Lecture  to  Eoyal 
Institution,  January'  20,  1864;  Journal  of  the 
Institution  and  Philosophical  Magazine  ;  W- 
Thomson,  Proceedings  of  the  Royal  Society  (re- 
gularly republished  a  few  months  after  each  date 
in  the  Philosophical  Magazine),  "On  the  Theor}- 
of  the  Electric  Telegraph,"  May,  1856  ;  "On  Mu- 
tual Peristaltic  Induction  between  the  wires 
a  multiple  electric  cable,"  May  or  June,  1856; 
Letter  to  the  Athenmum,  October,  1856 ;  Kirchof,  1 1 1>, 
Poggendorf's  Annalen,  Band  C,  page  193,  Band  ■ 
CII.,  page  629. 
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Eleclrh;  Kiight.    The  light  termed  Electric, 
manifests  itself  under  two  sets  of  circumstances: — 
First,  if  a  conductor  be  charged  to  a  state  of 
jver-tension,  a  disruption  or  discharge  takes 
'lace,  accompanied  by  a  snap  more  or  less  loud, 
i  bis  is  fiaely  illustrated  by  the  Leyden  jar.  This 
?park  varies  in  colour  and  character  according 
:o  the  medium  through  which  the  discbarge  takes 
lace,  be  that  atmospheric  air  or  any  other  gas, 
t;id  it  varies  also  with  the  metals  of  which  the 
Mnductor  and  the  body  receiving  it  are  composed. 
■<fcondly,  from  the  terminals  of  the  wires  from 
he  two  poles  of  a  galvanic  arrangement  a  suc- 
■ession  of  sparks  so  quick  as  to  appear  a  con- 
iuuous  stream,  may  be  obtained,  provided  the 
orangement  be  powerful.    Thin  wire  placed  be- 
rt-een  the  terminals  may  be  raised  to  a  white 
leat,  or  e\^  melted,  and  if  those  terminals  be 
onnected  with  pieces  of  any  inflammable  sub- 
tance— say  of  charcoal,  combustion  takes  place, 
ccorapanied  by  the  evolution  of  light  of  astonish- 
ig  splendour,    Wartmann  produced  an  illumi- 
ation  in  this  way,  in  one  of  his  experiments, 
qual  to  that  of  300  gas  jets.    Bunsen  com- 
uted  that  in  one  of  his,  light  was  evolved  equi- 
alent  to  that  of  572  candles,  and  Fizeau  and 
oucault— employing  46  elements  of  Bunsen's 
ile— elevated  the  light  to  an  intensity  of  about 
ne-third  or  one-fourth  that  of  the  unclouded 
un.    Now  the  highest  brilliancy  ever  produced 
y  the  Drummond  light,  or  "the  combustion 
f  lime  in  a  jet  of  oxygen  and  hydrogen,  is 
Illy  about  the  hundred  and  filtietli  part  of  that 
roceeding  from  our  luminary.   Considering  that 
le  expense  required  to  evolve  this  extraordinary 
lumination  is  really  trifling,  one  cannot  be  sur- 
rised  at  the  existence  of  a  general  and  strong 
■eaiie  to  turn  it  to  economic  uses.   A  mechanical 
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difllculty  stood  at  first  in  the  way,  originating  in 
the  waste  of  the  charcoal.  But  means  were 
found  to  move  one  terminal,  so  that  the  charcoal 
points  might  be  kept  at  a  uniform  distance.  The 
Regulators  of  Starke  and  Petrie  in  this  country, 
of  Achereau,  Foucault,  Breton,  and,  best  of  all, 
of  Dubosq,  in  France,  are  all  that  can  be  desired: 
but  the  ordinary  use  of  this  light  is  forbidden  bv 
its  very  splendour.  It  quite  dazzles  every  one 
near  it,  and  can  be  endured  only  at  a  consider- 
able distance.  It  will  never  therefore  be  applied 
to  light  up  our  houses  or  streets,  but  it  would  be 
invaluable  in  lighthouses. — Let  us  proceed,  how- 
ever, to  a  scientific  analysis  of  the  Electric  Light 
This  analj'sis,  as  already  hinted,  must  consist  of 
two  parts— an  analysis  of  the  Electric  Spark,  and 
an  analysis  of  the  Light  produced  by  Currents.  Of 
course  the  instrument  of  analysis  is  the  prism  ^ 
we  must  examine  the  electric  spectra,  exactly  as 
we  do  the  spectrum  yielded  by  a  solar  ray. 

L  The  Electric  Spark.— The  spectrum 
yielded  by  the  electric  spark  consists  of  two 
spectra  overlapping  each  other— one  belonging 
to  the  gas  through  which  the  spark  passes,  and 
the  other  to  the  metal  of  the  conductor.  The 
two  are  easily  separated  by  varying  the  conduc- 
tor while  the  gas  or  air  remains  the  same. 

(1.)  The  spectrum  that  is  independent  of  the 
metal  of  the  conductor,  is  like  the  solar  spectrum 
traversed  by  a  great  multitude  of  lines,  which, 
however,  are  the  reverse  of  Frauenhofer's,  inas- 
much as  while  the  latter  are  dark  lines,  the 
former  are  brilliant  ones.  The  comparison  be- 
tween the  two  spectra  will  be  made  more  easv 
by  aid  of  the  annexed  diagram  executed  bv 
Angstrom,  in  which  they  are  placed  side  bv 
side— the  upper  being  the  electric  spectrum.  The 
luminous  lines  have  the  colour  of  the  space  in  the 
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lectrura  to  which  they  belong.— On  inspecting 
lese  two  spectra,  a  general  resemblance  is  ap- 
irent— sufficient  to  convince  one  that  the  expla- 
ation  of  the  dark  lines  must  carry  with  it  in 
ibstance  an  explanation  of  the  bright  lines  also ; 
Jvertheless  there  is  very  little  coincidence  of  in- 
ividual  bands.  Such  lines  as  c,  d,  e,  g,  and  also 
,  m  the  electric  Rpectrum,  nearlv  correspond  with 
nes  ui  that  yielded  by  the  solar  ray ;  but  to 
le  two  electric  bands  which  far  exceed  all  the 
hers  m  brightness,  viz.,  y  and  J,  there  is  no 
irk  analogon  whatever. -The  electric  spectrum, 
.'ured  above,  is  that  evolved  from  a  spark  pass- 
im through  our  common  atmosphere:  but  on 
■ery  account  it  would  be  interesting  to  know 
•at  occurs  in  the  case  of  its  passing  through 
iferem  gases.    We  are  indebted  to  Angstrcim 
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for  another  diagram,  illustrating  this  part  of  the 
mquirj',  which  we  also  subjoin.— These  diagrams 
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are  exceedingly  curious  and  suggestive.  It  will 
be  seen  that  some  of  the  brightest  of  the  lines  in 
7 


the  air  spectrum  disappear  from  tlio  oxygen  one, 
and  reappear  in  that  yielded  by  the  spark  passing 
tiirougli  nitrogen.  The  hydrogen  spectrum  is 
exceedingly  peculiar,  and  to  render  it  more  defi- 
nite, Angstrom  places  a  waving  line  below,  in- 
dicating the  degree  of  the  illumination  of  eacii 
bright  region. — One  general  remark,  we  think, 
may  be  hazarded,  as  fairly  deducrble  from  these 
appearances,  viz. : — the  whole  phenomena  must 
have  a  close  relation  to  the  aeriform  bodies  through 
which  the  disipersed  light  passes ;  so  that  the 
theory  of  Frauenhofer's  dark  lines  ought  to  be 
sought  for  in  actions  of  the  Earth's  atmosphere, 
and  of  the  atmosphere  of  the  Sun. 

(2.)  The  second  spectrum,  or  that  derived 
from  the  combustion  of  the  metallic  particles  car- 
ried from  either  pole  by  the  electric  discharge, 
and  often,  if  not  always  volatilized,  is  an  ex- 
ceedingly curious  one.  This  spectrum  does  not 
yield  coniplete  transverse  lines,  but  only  parts  of 
such,  appearing  to  proceed  from  both  edges  of  the 
prism,  and  becoming  extinguished  before  they 
reach  the  centre.  Each  metal  has  Hues  peculiar 
to  itself.  One  or  two  lines,  indeed,  such  as 
u  and  m,  seem  common  to  all  the  metals,  but 
on  the  whole  tliey  are  very  independent  of  each 
other.  Wheatstone — to  -wliom  this  class  of  re- 
searches is  very  largely  indebted — observed,  that 
when  the  poles  are  formed  of  different  metals,  the 
spectrum  contains  the  lines  of  both  ;  and  when  a 
cneniical  composition  of  two  metals  is  employed 
the  specti  um  also  yields  the  lines  of  both,  and 

not  a  new  system  It  were  useless  to  speculate, 

in  our  present  state  of  knowledge,  on  the  causes 
of  these  most  curious  appearances. 

II.  Light  from  the  Electhic  Currkxt. — 
The  best  mode  of  studying  the  phenomena  of 
this  species  of  electric  illumination,  is  through  its 
manifestations  in  the  Electrical  Egg  (j.  ■y.), 
or  vacuum  tubes.  There  are  two  sets  of  circum- 
stances here  also  that  merit  attention. 

(1.)  The  student  who  has  read  the  article  just 
referred  to,  will  recollect,  that  around  the  two 
l)oles,  lights  of  different  colours  are  collected 
iluring  the  discharge — a  light  of  fiery  red  ad- 
hering to  the  positive  pole,  while — separated  from 
the  red  light  by  an  obscure  space — a  blue  tinge 
envelops  the  negative  or  warmth  pole.  Neither 
of  these  lights  are  homogeneous,  as  may  be 
readily  proved  by  the  method  of  absorption ;  but 
Dove  of  Berlin  appears  to  have  first  thought  of 
studying  them  b}'  aid  of  their  spectra.  He  easily 
disposes  of  the  idea  that  any  differential  pheno- 
mena can,  in  this  case,  be  due  to  peculiar  collec- 
tions of  gases  around  these  poles ;  for  when  the 
poles  are  altered  on  the  instant  by  tiie  comnmtator 
of  Rhumkorflt's  machine,  the  spectra  change  with 
them.  The  following  are  the  appearances  he 
witnessed:— The  current  being  passed  through  a 
pear-shaped  Geissler  tube,  in  which  the  electrodes 
are  platinum  points,  the  spectrum  of  the  blue 
light  showed  a  large  black  streak  in  the  blue, 
u  second  similar  one  at  the  limits  of  the  blue 
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and  green,  a  very  small  streak  at  the  limits  tf 
the  yellow,  and  nothing  in  the  red.  Tiie  light 
at  the  posiiive  pole  gave  a  crimson  violet  and 
blue  band,  several  small  sireaks  in  the  green,  a 
very  black  streak  at  the  limits  of  the  yellow, 
and  a  small  dark  streak  in  the  middle  of  the  red. 
Changing  the  tube  for  one  of  another  shape,  the 
spectrum  of  the  blue  light  remained  unaltered, 
but  in  the  positive  spectrum  two  additional  small 
dark  streaks  appeared  within  the  blue  band.  If 
brass  electrodes  (j)oints)  are  employed  in  the  com- 
mon eleclrical  egg,  the  phenomena  are  altered  in 
a  very  few  particulars  only,  viz. :  the  negative 
spectrum  displaj's  no  new  bands,  but  between  its 
two  broad  bands  the  light  appears  greenish ;  and 
a  few  more  bands  appear  in  the  blue  of  the  spec- 
trum of  the  red.  Substituting  a  ball  for  a  point  at 
the  negative  pole,  it  seemed  as  if  the  two  lights 
came  to  contain  a  portion  of  each  other;  never- 
theless in  every  case  the  spectra  remained  diflFer- 
ent  and  distinct. — Dove  does  not  attempt  to  spe- 
culate concerning  the  causes  of  these  singular  ap- 
pearances, but  lie  suggests  a  %'aluable  practical 
application  of  them.  It  has  long  been  a  favour- 
ite conjecture,  that  the  northern  aurora  is  really 
due  to  electric  currents  passing  through  a.  highly 
attenuated  atmosphere— the  fiery  red  at  the  posi- 
ti\'e  pole  of  a  vacuum  tube  intimately  resem- 
bling the  red  which  characterizes  many  auroras. 
"  Now,"  says  Dove',  "  the  peculiarities  presenteil 
by  the  electric  light  in  vacuo  are  so  marked,  that 
it  appears  easy  to  decide  definitively  b3'  prismatic 
analysis,  whether  the  light  of  the  Aurora  borealis 
is  or  is  not  of  an  electrical  nature."  An  assimi- 
lation, to  a  certain  extent — not  precisely  as  Dove 
indicated — has  been  accomplislied  by  Dr.  Ro- 
binson, of  Armagh.  Under  article  Electrical 
Egg  we  have  noticed  the  marked  presence  of 
fluorescence  in  the  light  produced  by  electric 
discharges.  Dr.  Robinson  WTites  as  follows: — 
"  On  the  occasion  of  an  aurora  of  more  than 
average  brightness,  on  14th  March,  1858,  I 
availed  myself  of  the  opportunity  to  try  whether 
this  light  was  rich  in  those  highly  refran^ble 
rays  which  produce  fluorescence,  and  which  are 
so  abundant  irii  the  light  of  the  electric  discharges; 
and  I  found  it  to  be  so.  A  drop  of  desulphate 
of  quinine  on  a  jiorcelain  tablet  seemed  like  a 
luminous  patch  on  a  faint  ground ;  and  crj-stais 
of  platino-cyauide  of  potassium  were  so  bright 
that  the  label  on  the  tube  which  contained  them 
(and  which  by  lamp-light  could  not  be  distin- 
guished from  the  salt  at  a  little  distance)  seemed 
almost  black  by  contrast.  Tlieir  effects  were  >" 
strong  in  relation  to  the  actual  intensity  of  tin 
light,  that  they  appear  to  aHord  au  addititmal 
evidence  of  the  electric  origin  of  the  phenomena. 

(2.)  The  spectra  produced  by  the  light  evolvf ' 
by  the  current  passing  through  rarefied  gasi- 
that  show  the  stratifications,  have  been  recent!} 
examined  by  Pliicker.  They  are  exceedingly 
brilliant,  and  difl'er  wholly  from  those  belonging 
to  the  eleclrical  arch  of  light  in  the  air,  or  ia 
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gases  of  ordinary  density.    They  are  besides  so 
ilistinctive,  that  Pliicker  sees  iu  them  the  surest 
mode  of  determining  which  gas  it  is  that  remains 
ill  the  tube.    The  Geissler  tube  used  was  one  of 
a  peculiar  shape.    In  length  above  two  feet,  it 
liad  in  the  middle  an  ellipsoidal  or  cylindrical 
\s  idening.  The  ends  through  which  the  platinum 
electrodes  passed,  were  wider  and  shorter  cylin- 
ders ;  and  these  were  connected  with  the  middle 
piece  by  two  tubes  of  different  diameter,  the 
narrower  being  a  rather  wide  thermometer  tube. 
In  the  spectra,  from  this  tube  and  all  others,  the 
dark  intervals  of  the  stratification  are  of  course 
changed  to  longitudinal  ones,  traversing  all  the 
colours  of  the  spectrum;  and  every  such  spec- 
trum differs  from  the  ordinary  solar  spectrum  in 
this, — the  colours  do  not  merge  into  one  an- 
other.   On  the  contrary,  they  are  sharply  de- 
marcated ;  and  the  separate  spaces  of  colour  are 
also  divided  into  well  defined  lighter  and  darker 
stripes.    The  following  are  Pliicker's  notes  con- 
:erning  the  spectra  from  these  stratifications,  as 
manifested  by  attenuated  hj'drogen,  oxygen,  and 
Suoride  of  boron: — 1.  Hydrogen  gave  a  compara- 
ively  simple  spectrum,  in  which  five  bright  bauds 
)f  almost  equal  breadths  were  prominent ; — A,  a 
3right  violet  band  beyond  the  limits  of  the  spec- 
rum  ;  three  bands  in  the  green,  of  which  one,  B, 
jounded  the  green  towards  the  violet,  D  forming 
be  boundary  on  the  other  side,  and  C  between 
hese  last  about  twice  as  far  from  B  as  from  D : 
iually,  a  beautiful  yellow  band,  E.    The  order 
>f  intensity  of  the  bands  in  the  green  is  D,  C,  B, 
I  being  the  brightest,  and  of  a  yellowish  tinge, 
lie  red  is  very  prominent ;  a  thick  black  line 
■ccurs  near  its  farther  boundary ;  it  is  separated 
rom  the  yellow  band,  E,  by  another  broad  black 
and.    D  is  separated  from  E  by  a  broad  gray 
iterval.    The  violet  light  is  confined  to  the 
and  A.    The  space  between  A  and  B  is  divided 
ito  a  completel}'  black  space,  and  one  of  an  in- 
efinite  dark  colour.    The  black  space  sharply 
ounding  band  A  is  three  times  as  broad  as  a 
lird  of  the  whola  space  between  A  and  B,  or 
etween  B  and  D. — How  far  is  science  as  yet 
om^  being  entitled  even  to  venture  a  guess  con- 
irning  the  causes  of  such  phenomena  I — 2.  As  to 
'xygen,  other  puzzling  circumstances  occurred 
iiring  the  scrutiny  of  its  spectrum.    A  pale 
esh  coloured  light  in  the  narrow  part  of  the 
ibe  gave  a  remarkably  bright  band  at  the  end 

the  red,  and  two  beautiful  orange  coloured 
inds,  separated  by  a  narrower  and  a  perfectly 
ack  one.  In  the  green,  bright  bands  appeared; 
le  violet  was  very  dark.  But  the  spectrum  began 

change.  The  violet  grew  more  intense,  black 
rfiaks  appearing  in  it,  and  tiie  bright  lino  to 
inch  the  red  was  originally  confined  became 
der  and  paler.  Bright  red  bands  api)eared 
'er  a  wider  space  alternating  with  dark  ones, 
y  mcreasmg  the  power  of  the  induction  current, 
10  spectrum  was  rendered  constant  for  a  short 
me,  but  it  soon  began  again  to  change,  dimi- 
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nishing  rapidly  in  intensity ;  while  the  light  in 
the  narrow  tube  passed  into  violet.    The  dis- 
charge grew  discontinuous,  and  finally  the  cur- 
rent entirely  ceased  to  traverse  the  tube.  The 
spectrum  first  seen  was  clearly  that  due  to  atten- 
uated oxygen,  and  these  changes  must  have  been 
owing  to  its  gradually  losing  its  free  condition 
under  continued  electric  influence.  Perhaps  it  may 
have  first  passed  into  ozone ;  at  all  events,  in  the 
end  the  tube  behaved  as  a  non-conducting  vacuum. 
— 3.  The  spectrum  of  gaseous  Fluoride  of  Bo- 
ron differs  greatly  from  both  the  former,  and  is 
exceedingly  beautiful.    While  it  shows  bright 
colours  throughout,  red  together  with  orange 
and  yellow,  takes  up  about  a  fifth  of  the  wbule 
space ;  of  the  other  four-fifths,  two  are  occupied 
by  the  green,  the  remainder  by  the  violet.  There 
is  no  apparent  transition  from  the  violet  to  the 
green — the  blue  seeming  entirely  wanting.  Yel- 
low and  orange  form  two  sharply  bounded  bright 
bands  of  about  equal  breadth,  both  together  be- 
ing about  half  as  wide  as  the  red ; — from  this 
latter  the  orange  is  separated  by  a  strong  black 
line.    Near  the  boundary'  of  the  red  there  is  a 
second  great  black  line.  The  space  of  the  red  be- 
tween these  two  black  lines  is  divided  into  six 
equal  parts  by  five  fine  black  lines ;  and  on  the 
other  side  of  the  strong  black  line  first  mentioned, 
there  is  in  the  orange  and  yellow  also  the  same 
number  of  fine  black  lines,  at  the  same  distance 
from  one  another.    In  the  green,  about  twice  as 
far  from  the  violet  as  from  the  yellow  boundary, 
there  is  a  bright  green  band,  about  as  broad  as 
the  yellow  band.    This  green  band  divides  the 
green  space  into  two  parts,  which  differ  impor- 
tantly from  one  another.    That  part  which  lies 
next  the  yellow  has  a  bright  shining  band  in  its 
middle,  and  the  green  on  either  side  of  this  band 
is  not  uniform,  but  becomes  gradually  darker 
towards  its  extremities.    The  remaining  portion 
of  the  green  and  violet  have  quite  a  cbaracterislic 
appearance.    This  space  seems  divided  into  six- 
teen bands,  ten  of  which  belong  to  the  violet. 
Each  separate  band  is  brighter  towards  the  red, 
becoming  gradually  darker  in  the  opposite  di- 
rection.   These   bands  are  broadest  towards 
the  middle  of  the  violet.    The  broadest  of  all  is 
on  the  one  side  of  a  bright  shining  violet ;  on  the 
other  side  it  is  completely  black.    At  this  part, 
the  spectrum  presents  to  the  telescope  the  ap- 
pearance of  a  stronglj'  illumined  fluted  column. 
— The  three  spectra  now  described  are  essen- 
tially different  from  those  belonging  to  the  eleo 
trical  arch  of  light  in  the  air,  and  from  metals 
glowing  and  burning  in  it.    The  electrical  arch 
of  light  in  the  air  is  never  free  from  matter 
(carbon  or  metal),  whose  incandescence  gives 
rise  to  new  bright  lines  in  the  spectrum  ;  but 
PlUcker  thinks,  with  evident  justice,  that  the 
varied  appearances  described  above  arc  closeh' 
connected  with  the  chemical  constitution  of  the 
attenuated  gases.    He  concludes  his  memoir 
with  the  following   provocative  questions: — 
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How  may  the  spectrum  of  a  mixed  gas  be  de- 
rived from  the  spectra  of  its  constituents  ? — How 
are  the  spectra  of  a  compound  gas  related  to  one 
another  before  and  after  its  chemical  decomposi- 
tion by  the  current? — How  does  the  cliemical 
combination  which  the  gas  effects  with  the  elec- 
trode, influence  the  spectrum  ? — Do  isomeric  gases 
give  rise  to  similar  spectra? — The  student  is 
further  referred  to  these  curious  memoirs  by 
Pliicker ;  to  the  original  researches  by  Angstrom 
(both  of  which  are  reprinted  in  the  Phil.  Mag.'), 
and  to  the  previous  memoirs  by  Wheatstone. 
He  will  find  further  interesting  information  of 
another  Isind  in  Feddersen's  paper  on  the  Electric 
Sparlc,  in  Phil.  Mag.,  Supplementary  No.,  Jan., 
1859. 

Electric  liight,  Stratification  of.  See 

Electrical  Egg. 

Elcctro-Ciicmlstrr.  That  electricity  pos- 
sesses the  power  of  effecting  chemical  changes, 
may  be  seen  in  the  instance  of  the  combination  of 
oxygen  and  hydrogen,  when  a  spark  from  the 
common  electrical  machine  is  passed  through  a 
mixture  of  those  gases.  The  same  thing  is  no- 
ticed in  the  formation  of  nitric  acid  from  the 
constituents  of  the  atmosphere  during  thunder- 
storms, and  the  peculiar  odour  experienced  dur- 
ing the  working  of  an  electrical  machine,  believed 
to  indicate  the  formation  of  ozone.  Tliese  may 
be  given  as  instances  of  chemical  action  produced 
by  the  agency  of  electricity  or  electro-chemical 
effects ;  and  the  science  which  treats  of  them 
might  be  called  Electro-Chemistry.  But  this 
term  has  more  particularly  reference  to  a  far 
larger  and  more  important  series  of  actions, 
which  are  produced  by  the  agency  of  the  voltaic 
current — actions  which  have  been  found  to  be 
regulated  by  laws  definite  and  most  important 
in  their  practical  applications  in  the  arts,  and 
also  as  regards  the  extension  of  chemistry  itself, 
both  in  theory  and  processes.  It  is  more  parti- 
cularly in  effecting  separation  of  the  constituents 
01  a  compound,  or  in  chemical  decomposition  that 
the  chemical  effects  of  the  voltaic  current  are 
manifested.  Bodies  differ  greatly  as  to  the  facility 
with  which  they  yield  to  the  decomposing  powers 
of  electricity.  Thus,  iodide  of  potassium  readily 
yields  to  the  action  of  a  single  pair  of  small 
plates,  while  water  requires  the  application  of  a 
battery,  and  sulphuric  acid  can  scarcely  be  de- 
composed even  by  the  most  energetic  currents. 
The  decomposition  of  water  may  be  taken  as  a 
type  of  the  mode  in  which  electro-chemical  de- 
compositions are  effected.  When  the  conducting 
wires  from  the  two  poles  or  electrodes  of  a  bat- 
tery are  immersed  in  water  at  a  distance  of  half 
an  inch  from  each  other,  bubbles  of  gas  immedi- 
ately begin  to  appear  on  the  wires,  and  rise 
through  the  liquid.  They  may  be  collected  in 
separate  tubes  held  over  the  wires,  and  can  be 
proved  to  possess  the  properties  of  oxygen  and 
hydrogen,  and  when  mixed  and  exploded,  to  bo 
capable  again  of  producing  water.   The  quantity 
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of  water  decomposed,  and,  of  course,  of  gaso 
produced,  is  found  to  be  always  proportional  to 
the  energy  of  the  current,  and  may  be  taken  as 
one  of  the  readiest  and  best  measures  of  its 
power.  Annexed  is  a  figure  of  the  instrument 
known  by  the  name  of  a 
voltameter,  or  indicator  of 
the  power  of  a  battery.  At 
the  upper  part  of  the  figure 
are  represented  two  small 
brass  cups  containing  mer- 
cury, into  which  the  con- 
ducting wires  of  the  battery 
are  dipped.  From  these  cups 
descend,  through  a  cork, 
two  pieces  of  copper  wire, 
to  which  are  soldered  two 
strips  of  platinum  foil,  of 
one  or  two  square  inches 
of  surface.  The  cork  is 
fitted  to  a  wide -necked 
bottle,  filled  with  water,  to  which  l-8th  of  sul- 
phuric acid  has  been  added.  A  bent  tube  to 
carry  off  the  mixed  gases  is  inserted  in  the  cork. 
The  platinum  plates  may  be  about  one-fourth  of 
an  inch  apart.  The  gases  are  measured  in  a 
graduated  pneumatic  jar,  and  the  energy  of  the 
battery  judged  of  by  the  volume  given  oft'  in  a 
given  time.  The  sulphuric  acid  does  not  xmder- 
go  decomposition,  but  is  found  greatly  to  assist 
the  decomposition  of  the  water — probably  by 
promoting  its  conducting  power.  Steel  plates 
may  be  substituted  for  platinum,  if  the  water  be 
saturated  with  carbonate  of  potash  instead  of  sul- 
phuric acid.  Proposals  have  at  different  times 
been  made  to  employ  the  galvanic  battery  as  a 
mover  of  machinery,  by  exploding  the  gases 
evolved  by  it,  from  water,  in  a  cylinder  under  a 
piston,  but  hitherto  no  practicable  result  has 
followed.  It  might  be  expected  that,  as  each 
molecule  of  water  is  composed  of  oxj'gen  and 
hydrogen,  the  decomposition  of  water  would 
occur  at  some  one  point  of  the  i^te^^'al  between 
the  two  plates  or  electrodes,  and  that  the  trans- 
fer of  the  liberated  gases  to  the  poles  might  be 
observed;  yet  the  most  minute  inspection  of  the 
intervening  space  by  microscopic  means  haf 
failed  to  detect  arty  such  transport  or  the  slight- 
est indication  of  a  current  among  the  particles  of 
the  liquid.  It  is  undoubtedly  possible,  consider 
ing  how  infinitesimally  minute  we  know  tht 
ultimate  atoms  of  substances  to  be,  that  the  de- 
composition of  water  may  be,  at  every  instant, 
occurring,  not  merely  at  one  point  of  the  inter- 
vening chain  of  liquid  particles  between  the  two 
poles,  but  simultaneously  at  all  the  points,  and 
that  thus  there  would  be  equal  and  opposite  sets 
of  currents  of  gaseous  molecules  proceeding  to- 
wards their  respective  poles,  so  that  the  one  series 
of  mechanical  effects  would  counteract  the  other, 
and  prevent  the  appearance  of  a  visible  stream 
among  the  liquid  particles.  This  will  not  appear 
so  improbable  if  we  remember  the  excessive 
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iinber  of  molecules,  which  must,  from  the  known 
inuteness  of  the  atoms  of  matter,  go  to  form 
eu  the  smallest  visible  globule  of  one  of  the 
ises.  The  absence  of  any  perceptible  current 
nween  the  poles  during  the  decomposition  of  a 
lomical  compound  is  generally  explained  as 
Hows :  —Supposing,  as  before,  the  case  of  water, 
hich  is  composed  of  oxj'gen  and  hydrogen,  and 
lat  we  have  a  number  of  molecules  whose  com- 
iition  before  the  current  has  passed  is  symbol- 
L'd  in  the  upper  line  of  letters,  and  after  the 
OH  OH  OH  OH 
0  HO  HO  HO  H 
st  passage  of  the  current  by  the  lower  line, 
the  two  terminal  molecules  are  acted  on  by  the 
ilarity  of  the  poles  of  the  battery  in  contact 
ith  them,  and  by  alteration  of  their  electric 
lations,  the  two  gaseous  molecules  of  each,  separ- 
e  from  each  other,  the  oxj'gen  remaining  at 
e  positive  pole,  and  the  hydrogen  at  the  nega- 
ve ;  but  the  oxygen  at  the  negative  pole,  in- 
ead  of  passing  across  the  whole  line  of  liquid  to 
e  positive  pole,  merely  by  its  altered  electric 
ate  decomposing  the  next  atom  of  water,  unit- 
g  with  its  hydrogen  and  setting  its  oxygen 
26  to  decompose  the  next,  and  so  on  in  succes- 
m,  thus  transmitting  a  wave  of  force  from  one 
lie  to  the  other  rather  than  a  mechanical  trans- 
rence.  Indeed  it  is  now  believed  that  the  pas- 
ge  of  current  electricity  along  any  conductor, 
,  for  instance,  a  wire,  consists  of  this  transfer- 
ee of  force  from  one  particle  to  another,  or 
rhaps  by  a  series  of  decompositions  and  recom- 
'sitions  in  a  way  somewhat  similar  to  this, 
ther  than  by  the  passage  of  a  fluid,  as  has  so 
ag  been  the  favourite  explanation.  Substances 
pable  of  being  decomposed  by  electric  currents 
e  termed  electrolytes,  and  the  process  of  decora- 
sition  is  often  called  electrolj'sis.  Binary  com- 
unds  are  separated  into  their  elements,  the  one 
ssing  to  the  positive  pole  being  called  electro- 
gative,  and  the  other  called,  with  reference  to 
electro-positive,  going  to  the  negative  pole, 
ilts  and  Haloid  substances  are  decomposed  into 
eir  proximate  constituents ;  for  instance,  a 
lution  of  sulphate  of  soda  being  subjected  to 
e  current,  after  a  short  time  free  sulphuric 
id  will  be  found  at  the  one  pole  and  soda  at 
e  other.  The  chief  electro-chemical  laws 
iich  have  been  discovered  are  as  follow :— The 
me  elementary  substance  in  separating  from  a 
ven  compound  always  passes  to  the  same  pole, 
le  quantity  of  a  compound  which  is  decomposed 
proportional  to  the  quantity  of  electricity  which 
sses.  The  quantity,  by  weight,  of  different 
mpounds  which  can  in  the  same  time  be  de- 
mposed  by  the  same  current  is  proportioned  to 
c  number  representing  the  chemical  equivalents 
atomic  weights  of  the  compounds.  Thus  80 
ains  of  sulphate  of  copper  will  be  decomposed 
'  the  same  current  which  will  in  the  same  time 
■  compose  9  grams  of  water,  or  58  of  common 
>    It.  DiiBculties  arc  often  experienced  in  tracing 
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out  the  direct  eflfects  of  the  current,  owing  to 
what  are  called  secondary  results,  tliat  is,  the 
combination  of  the  liberated  substances  with  the 
materials  composing  the  poles  of  the  batterj-,  or 
with  others  mixed  with  the  liquid.  Thus,  if  in 
the  apparatus  for  the  decomposition  of  water,  tlie 
pole  where  the  oxygen  ought  to  appear  were 
composed  of  an  oxidisable  substance  instead  of 
platinum,  as,  for  instance,  zinc,  then  an  oxide  of 
zinc  would  be  formed,  and  little  or  no  oxygen 
would  appear  in  the  form  of  gas.  This  circum- 
stance of  the  electrodes  having  an  affinity  for  the 
newly  liberated  or  nascent  elements  can  be  taken 
advantage  of  for  the  production  of  effects  other- 
wise scarcely  attainable,  and  also  for  enabling  a 
small  battery,  or  even  a  single  pair  of  plates,  to 
effect  the  decomposition  of  compounds  which 
only  yield  to  exceedingly  powerful  currents  in  the 
ordinary  apparatus.  Thus  the  most  interesting 
and  important  results  of  Electro-Chemistrj',  are 
the  decompositions  of  the  alkalies,  soda,  potassa, 
and  the  earths,  lime,  magnesia,  silica,  &c.,  into 
their  constituent  metals.  This  was  accomplished 
by  Davy  by  means  of  the  colossal  batteries  of 
the  Royal  Institution  of  London,  and  still  requires 
by  the  best  ordinary  arrangements,  cuiTents  of 
great  energy.  The  little  double-celled  apparatus 
of  Becquerel.  as  modified  by  Golding  Bird,  effects 
the  decomposition  of  the  aUialies  and  earths,  and 
indeed  of  most  other  compounds,  by  the  long- 
continued  action  of  a  feeble  current,  aided  bv 
well-chosen  affinities,  in  an  elegant  and  most 
convenient  manner.  This  little  apparatus  is 
represented  in  the  annexed  woodcut.    A  glass 
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cylinder  d,  1-5-inch  in  diameter  and  4  inches  in 
length,  is  closed  at  the  lower  end  by  a  plug  of 
plaster  of  Paris  0-7-inch  thick.  This  cylinder  is 
fixed  by  means  of  corks  inside  a  cylindrical  glass 
vessel  A,  about  8  inches  deep,  and  2  inches  in 
diameter.  A  piece  of  sheet-copper,  6  inches  long 
and  3  inches  wide,  having  a  copper  conducting 
wire  F,  soldered  to  it,  is  coiled  up  and  placed  in 
the  small  cylinder  with  the  plaster  bottom ;  a 
piece  of  sheet  zinc  of  equal  size  is  loosely  coiled 
up,  and  placed  in  the  external  cylinder,  being 
furnished  with  a  conducting  wire  like  the  other. 
The  larger  cylinder  being  then  filled  with  wealc 
salt  and  water  (common  salt),  and  the  smaller 
with  a  saturated  solution  of  sulphate  of  copper, 
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the  apparatus  constitutes  a  small  battery,  a  modi- 
fication of  that  known  as  Daniels'  (see  Bati'ery), 
which  will  keep  in  action  for  several  weeks,  and 
may  be  used  for  decomposing  such  solutions  as 
acetate  of  lead,  iodide  of  potassium,  &c.,  but  may 
be  made  efficacious  for  more  important  eflects 
by  combining  it  with  the  second  arrangement,  as 
seen  in  the  cut.  The  vessels  of  this  are  arranged 
precisely  as  in  the  case  described,  only  into  the 
external  one  is  placed  a  weak  solution  of  common 
salt,  and  into  it  is  immersed  a  small  plate  of 
amalgamated  zinc  (sec  Battery)  soldered  to 
the  wire  coming  from  the  copper  of  the  small 
cell  in  the  other  apparatus.  The  inner  cell  is 
filled  with  the  solution  to  be  experimented  on, 
and  into  it  is  immersed  a  plate  of  platinum  foil, 
soldered  to  the  wire  from  the  zinc  of  the  other 
cell.  If  solutions  of  the  muriatic  of  tin,  zinc,  anti- 
mony, silver,  &c  ,  be  introduced  mto  the  smaller 
tube  beside  the  platinum,  after  a  time  varying 
from  a  few  minutes  to  some  weeks,  the  reduced 
metal  appears  on  the  platinum  plate.  If  a  solu- 
tion of  fluoride  of  silicon,  prepared  by  passing  a 
current  of  the  gaseous  fluoride  into  alcohol,  be 
introduced  into  the  apparatus,  the  platinum  in  con- 
tact with  it  in  the  course  of  a  few  hours  becomes 
tarnished,  and  in  a  few  hours  more  is  co%-ered 
with  a  dense  coating  of  metallic  silicon,  which 
soon  becomes  converted  into  a  white  powder  of 
]iure  silica  by  combination  with  the  oxygen  of 
the  air.  Metallic  potassium  and  sodium  can 
likewise  be  obtained  from  the  apparatus,  by  put- 
ting a  small  capsule  of  mercury  in  the  bottom 
of  the  decomposing  cell,  and  pouring  over  it  a 
solution  of  chloride  of  potassium,  and  bringing 
the  platinum  in  contact  with  the  mercury.  The 
metals  enter  into  amalgamation  with  the  mer- 
cury, which  is  afterwards  driven  off  by  heat. 
Under  the  head  Electrotype  will  be  found 
some  information  regarding  the  practical  applica- 
tion of  Electro-Chemistry  to  the  arts.  And  be- 
sides these  applications,  it  may  be  mentioned 
that  it  is  now  extensively  useful  in  the  processes 
of  preparing  different  metals  on  the  large  scale 
from  their  ores,  and  also  that  proposals  have 
recently  been  made  whereby  different  metallic 
compounds,  such  as  those  of  mercury,  and  lead 
may  be  extracted  from  the  living  system  in  cases 
where  they  have  been  introduced  as  medicine  or 
as  poison."  Becquerel  and  others  have  made  an 
interesting  and  important  use  of  the  chemical 
action  of  electric  currents  in  obtaining,  by  their 
means,  the  formations  of  crystals,  ma-iy  of  which 
had  previously  been  found  in  nature,  but  could 
not  be  formed  by  any  artificial  process,  leading 
to  the  supposition  that  the  electric  currents  wluch 
traverse  the  earth  may  have  in  many  instances 
been  the  cause  of  their  deposition.  Many  of  the 
simple  or  compound  crystals  referred  to  can  only 
be  formed  bv  the  long-continued  action  ot  an 
exceedingly  feeble  current.  As  an  example  of 
one  of  Becquercl's  arrangements,  the  following 
may  be  mentioned:— A  glass  tube,  iu  the  form 
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of  an  inverted  sj-phon  is  taken,  and  a  small  plug 
of  moist  clay  inserted  at  the  junction  of  the  two 
limbs.  Into  the  one  limb  is  poured  a  solution  of 
bicarbonate  of  soda,  and  into  the  other  a  solution 
of  sulphate  of  copper  to  an  equal  height.  A  bent 
film  of  sheet-copper  is  plunged,  one  end  into  each 
solution.  After  a  time,  silken  crystals  of  the 
double  carbonate  of  soda  and  copper  are  seen 
floating  in  the  solution.  Such  investigations  have 
an  obvious  bearing  on  geological  speculation. 

ElcctroiSc.  Synonymous  with  the  term  pole 
in  galvanic  arrangements :  it  is  the  substance,  or 
rather  surface,  whether  of  air,  water,  metal,  or 
any  other  body,  which  bounds  the  extent  of  the 
decomposing  matter  in  the  direction  of  the  electric 
current.    See  Anode,  Anion,  &c. 

Elfctro-Dynainics.  This  term  is  applied 
to  that  branch  of  Electric  Science  which  treats  of 
the  effects  which  are  ascribed  to  the  motion  of 
electricity  as  contradistinguished  from  those  due 
to  its  mere  accumulation  as  in  Electro-Statics. 
Strictly  speaking,  many  of  the  effects  treated  of 
under  the  head  of  Electro-Statics  are  due  to  the 
transference  of  electricity  from  point  to  point, 
such  as  the  combustion  of  wires,  the  luminous 
and  heating  effect  of  the  spark,  the  sensation  of 
the  electric  shoclc,  and  many  others.  Still, 
generally,  the  term  Electro-Dynamics  is  confined 
to  what  relates  to  the  Voltaic,  Thermo-Electric 
and  Magneto-Electric  currents.  This  science  is 
entirely  of  modern  origin,  dating  from  no  farther 
back  than  1790,  the  period  of  Galvani's  great 
discovery,  and  in  the  interval  has  extended  so 
rapidly  and  in  so  many  directions,  that  it  will  be 
impossible  in  the  limited  space  which  can  be  de- 
voted to  it  in  this  work  to  attempt  a  complete 
exposition  of  aU  its  branches.  Under  the  hea'd 
Battery  will  be  found  an  account  of  the  means 
by  which  electric  currents  are  produced,  so  we 
shall  here  confine  ourselves  chiefly  to  an  explana- 
tion of  the  laws  which  govern  them,  their  effects, 
and  some  of  the  practical  uses  to  which  they  have 
been  put.  The  world  has  long  been  familiar  with 
the  celebrated  experunents  of  G  alvani,  which  led  to 
the  discovery  of  the  voltaic  pile,  and  the  different 
opinions  which  were  entertained  as  to  the  origin 
and  nature  of  the  qualities  and  powers  possessed 
by  this  remarkable  instrument.  Galvani  himself 
entertamed  the  idea,  that  the  new  force  was 
notliing  else  than  the  nervous  influence,  or  life- 
giving  current,  which  passed  in  the  metallic 
circuit,  and  produced  the  iihenomena  brought 
to  light  by  his  investigations.  Volta,  with 
keener  perception  seizing  on  the  fact  of  the 
metals  in  contact  being  of  different  kind,  attri- 
buted the  eflects  of  the  pile  to  the  action  of 
electricity,  which  he  asserted  was  rendered  free 
by  the  contact  of  the  metals.  IMore  recent  in- 
vestigators, observing  that  the  powers  possessed 
by  voltaic  combinations  were  greater,  as  the 
chemical  actions  accompanying  them  were  more  i 
energetic,  adopted  the  theory,  that  while  the 
newly  discovered  power  was  electricity,  yet,  that 
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be  electricity  was  not  the  clTcct  of  llio  contact 
'f  the  different  nietJils,  but  was  tine  to  the 
liemical  action  which  accompanied  it.  Not- 
liihstanding  of  the  many  attempts  which  have 
i  ll  made  to  construct  a  rational  and  consistent 
;oor}'  of  the  voltaic  pile,  and  while  it  has  been 
roved  that  the  powers  possessed  by  the  pile  are 
lie  to  electricit}-,  it  cannot  yet  be  said,  that  the 
iiestion  regarding  the  origin  of  this  electrical 
xcitenient  has    been  satisfactorily  answered. 
\\  o  theories  may  be  said  at  present  to  divide 
le  opinions  of  Electricians.   The  one  is  a  modi- 
cation  of  that  of  Volta.   It  was  adopted  by  the 
lustrious  Ampere,  and  is  still  in  various  degrees 
I  favoiu-  witli  many  investigators.    Its  funda- 
lental  hypothesis  is,  that  the  elementary  mole- 
iles  of  matter  possess,  inherent  in  their  substance, 
id  inseparable  from  them,  portions  of  electric 
uid.     Those  of  the  elements  which  possess 
igative  electricitj',  are  called  electro-negative, 
id  have  a  tendency  to  appear  at  the  positive 
lie  of  the  battery  in  Electrolytical  dccom- 
isitions;  and  those  that  possess  positive  electri- 
ty,  or  electro-positive  bodies,  separate  at  the 
■gative  pole.  Of  the  first,  or  electro-negatives, 
e  Oxygen,  Chlorine,  Iodine,  Fluorine,  &c. ; 
id  of  electro-positives,  Hjtirogen,  the  metals,  &c. 
ut  as  elementary  bodies  do  not,  except  in  their 
iscent  states,  exhibit  electrical  properties,  it 
necessary  to  suppose  that  each  molecule  attracts 
und  it  an  atmosphere  of  the  opposite  electricity 
its  own,  which  disguises  its  presence  and  pre- 
•uts  the  properties  of  free  electricity  being  ob- 
rved.    Supposing  now  that  two  particles  of 
;3-gen  and  hydrogen  should  be  brought  into 
ch  other's  vicinity,  the  two  would  be  similar  to 

0  charged  Leyden  jars,  only  that  the  positive 
?ctricity  would  be  in  the  interior  of  the  one, 
id  on  the  exterior  of  the  other,  and  vice  versa. 
t  moderate  distances  all  electric  action  would 

disguised,  but  if  pressure  or  other  cause  of 
iproximation  be  applied,  the  two  opposite  atmo- 
heres  might  be  brought  so  close  together,  as  to 
lite  in  opposition  to  the  disguising  power  of  the 
lids  belonguig  to  the  interior  molecules,  then 
e  atmospheres  being  rendered  neutral  could  no 
iiger  disguise  the  action  of  the  opposite  electri- 

1  s  of  the  molecules  themselves,  which  would 
^  unite,  and  if  equal  quantities  of  electricity 

«  possessed,  each  would  be  rendered  neutral, 
if  the  quantities  were  unequal,  might  have  an 
cess  of  positive  or  negative  fluid,  which  would 
tract  round  itself  an  atmosphere.  This  theory 
rther  assumes,  that  by  the  contact  of  different 
bstances  electricity  is  rendered  free,  and  the 
nsion  of  this  free  electricity,  constitutes  what 
called  the  Electro-motive  force  of  the  combina- 
jii,  and  that  the  accompanying  chemical  action 
only  a  result  of  the  electro-motive  force.  Thus 
;i  the  case  of  the  ordinary  voltaic  pair,  consisting 
copper  and  zinc  with  acidulated  water  between 
em,  the  contact  of  the  acid  with  the  zinc  gives 
se  to  an  dcctro-motive  force,  by  which  tluj 
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posiii\e  electricity  is  impelled  towards  the  zinc, 
while  the  contact  of  the  acid  with  the  copper, 
produces  an  electro-motive  force,  Avhich  accumu- 
lates negative  electricitj-  in  the  copper,  and  these 
two  forces  thus  conspiring,  the  metals  are  put 
into  states  of  opposite  electric  tension,  whicli 
state  is  imparted  to  the  wires  in  contact  with 
them.    This  tension,  though  in  all  cases  feeble 
compared  with  the  manifestations  of  frictional 
electricity,  yet  can  be  clearly  evidenced  by  the 
electroscope.    If  we  now  suppose  the  two  wires 
to  be  introduced  into  a  substance  such  as  water, 
consisting  of  a  combination  of  an  electro-positive 
and  an  electro-negative  molecule,  the  negati\  e 
pole  will  attract  the  positive  molecule,  viz.,  the 
hydrogen,  and  if  its  tension  be  strong  enough, 
will  separate  it  from  the  oxygen,  and  at  the 
same  time  communicate  to  it  as  much  negative 
electi-icity  as  to  form  its  atmosphere.  The  hydro- 
gen, therefore,  in  a  neutral  state,  will  escape  from 
the  combination  as  free  gas,  while  the  particle  of 
liberated  oxygen,  being  still  in  an  undisguised 
negative  state,  will  act  on  tlie  nearest  molecule 
of  water,  and  being  assisted  by  the  repulsion  of 
the  negative  pole,  will  effect  its  decomposition 
uniting  with  its  hydrogen  and  setting  free  its 
oxygen,  which  effects  a  similar  decomposition  on 
the  molecule  in  its  vicinity,  and  so  on  along  the 
whole  line  of  molecules  between  the  poles,  till  at 
last  a  molecule  of  oxygen  appears  free  at  the 
positive  pole  from  which  it  derives  positive  fluid 
to  form  its  atmosphere  and  escapes  as  neutral  gas. 
According  to  this  view  the  passage  of  electricity 
along  a  compound  chain  of  molecules  capable  of 
decomposition  consists  of  a  series  of  compositions 
and  decompositions  along  the  line  from  particle 
to  particle,  and  not  of  the  transport  of  one  par- 
ticle from  one  pole  to  the  other.    In  the  same 
way  the  passage  of  the  current  along  a  line  of 
homogeneous  particles,  such  as  a  metallic  wire, 
consists  of  a  similar  series  of  electrical  trans- 
ferences: thus  the  atoms  of  copper,  being  positive, 
are  surrounded  with  atmospheres  of  negative 
fluid,  and  the  whole  chain  of  particles  is  in  a  state 
of  equilibrium  from  the  disguising  power  of  the 
equal  quantities  of  the  two  fluids ;  but  when  a 
voltaic  pole  is  put  into  communication  with  one 
end  of  the  wire,  say  that  it  is  the  positive  pole, 
it  will  attract  the  atmosphere  from  the  particle 
of  copper,  which  will  thus  be  left  free  and  posi- 
tively excited  to  act  on  the  atmosphere  of  its 
next  neighbour,  of  which  it  will  partially  de- 
prive it,  rendering  it  in  its  turn  active  to  act  on 
the  next,  and  so  on  along  the  whole  line  of 
particles  till  the  last,  which  will  be  left  in  a  state 
of  positive  tension,  or  in  other  words,  partially 
deprives  of  its  disguising  atmosphere.    In  this 
state  it  would  remain,  and  the  whole  wire  would 
be  in  a  state  of  tension,  but  if  the  negative  pole 
be  applied  to  the  last  molecule  this  tension  will 
be  instantly  relieved  by  the  communication  of 
the  requisite  quantity  of  negative  fluid  to  form 
the  atmosphere,  and  thus  the  same  series  of 
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actions  may  recommence  and  so  on  continu- 
ously constituting  the  cwTenL  The  same  result 
would  ensue  were  we  to  suppose  the  commence- 
ment of  decompositions  to  have  occurred  at  the 
negative  pole  of  the  battery.  We  have  seen  that 
the  result  of  two  oppositely  electrical  particles 
being  pushed  into  each  other's  vicinity  would  be 
the  union  of  the  two  atmospheres,  and  then  the 
attraction  of  the  molecules  themselves  mto  close 
alliance  as  a  compound  molecule.  It  is  clear  that 
if  the  two  uniting  molecules  possessed  equal  quan- 
tities of  opposite  fluids  the  compound  would  itself 
be  neutral  and  would  require  no  atmosphere  or 
excess  of  opposite  fluid  to  disguise  its  electrical 
state,  but  if  one  of  the  uniting  molecules  possessed 
an  excess  of  fluid,  then  the  compound  would  not 
be  neutral,  but  would  require  a  partial  atmo- 
sphere for  its  neutralization.  If  we  suppose  the 
uniting  particles  to  be  of  the  same  kind,  that  is, 
both  positive  or  both  negative,  such  as  two  metals, 
then  the  two  atmospheres  would  expand  over  the 
united  molecules,  in  an  equal  degree  on  each  if 
the  two  were  of  equal  original  tension,  but  if  the 
one  were  more  positive  than  the  other,  as  in  the 
case  of  copper  and  zinc  particles  brought  into 
contact,  then  the  atmospheres  would  pass  from 
the  points  of  contact  and  expand  themselves  on 
each  particle,  but  not  in  an  equal  degree  nor  yet 
iu  the  same  degree  as  before  contact,  but  in  a  less 
degree  on  the  particle  of  greatest  tension :  and  if 
the  two  were  removed  from  contact  an  excess  of 
atmosphere  would  remain  on  the  least  positive  of 
the  two,  in  this  case  the  copper,  and  thus  the 
copper  having  on  its  particles  an  excess  of  nega- 
tive atmosphere,  would  be  left,  after  separation, 
negative  with  regard  to  the  zinc  and  to  other 
bodies,  giving  an  explanation  of  the  electro- 
motive force  produced  by  the  contact  of  hetero- 
geneous substances.  According  to  this  view 
then,  the  source  of  the  electricity  of  the  voltaic 
pile  is  in  the  electro-motive  force  developed  by 
the  contact  of  the  different  substances,  and  the 
accompanjnng  chemical  action  only  serves  con- 
tinually to  discharge  the  tension  so  produced  by 
affording  means  in  the  formation  of  the  atmo- 
spheres of  the  new  products  for  the  escape  of  the 
liberated  electricity,  so  as  to  allow  of  the  conti- 
nued development  of  more  by  contact,  and  thus 
the  cwrent  or  continual  charge  and  discharge  is 
kept  up.  The  other  view,  to  which  allusion  has 
been  made,  regards  the  chemical  action  as  the 
cause  of  the  development  of  the  electricity.  Be 
this  as  it  may,  it  fortunately  happens  that  the 
laws  which  regulate  the  strength  of  the  current 
when  the  electro-motive  power  has  once  been 
produced  have  been  ascertained  in  a  precise  man- 
ner, and  are  independent  of  either  theory.  These 
laws  have  been  named  the  laws  of  Ohm,  after 
their  discoverer.  Before  Ohm's  investigation,  it 
had  been  noticed  that  the  eflicicncy  of  a  current 
in  producing  any  of  its  characteristic  eftects,  such 
as  deflecting  a  magnetic  needle  or  producing  che- 
mical action,  was  enfeebled  more  and  more  as  the 
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conducting  wire  of  the  circuit  was  longer,  but 
yet  it  could  not  be  precisely  stated  that  the 
strength  of  the  current  waa  less  in  the  same  pro- 
portion as  the  ivire  was  lengthened.  Ohm  first 
took  into  consideration  the  resistance  not  only  of 
the  wire  but  of  the  materials  of  the  pile  or  bat- 
tery i:self,  and  taking  care  properlj'  to  estimate 
each  of  these,  he  found  that  the  law  could  be 
exactly  stated  that  the  force  of  the  current  was 
inversely  proportional  to  the  sum  of  all  the  resis- 
tances. As  may  be  supposed  also,  the  force  of  the 
current  varies  according  to  the  energy  of  the 
source  of  electricity  itself,  that  is  to  the  nature  and 
the  activity  of  the  galvanic  combination.  Thus 
if  B  be  taken  to  denote  the  energy  of  the  source 
of  the  current  or  the  electro-motive  force,  and  r 
to  represent  the  whole  resistance  encountered  by 
the  current  in  the  circuit,  then  f,  the  force  of  the 
current,  will  be  denoted  thus 

E 

F  =   

R 

F  denotes  the  efficiency  of  the  current  to  produce 
magnetism  or  chemical  action  or  heat  or  any  of 
its  other  efiects,  and  is  called  the  force  of  the  cur- 
rent. K,  or  the  electro-motive  force,  does  not 
depend  on  the  size  of  the  plates  of  the  battery 
but  denotes  its  state  of  activity,  which  will  of 
course  vary  according  to  the  combination  em- 
ployed and  the  strengths  of  the  liquid  solutions, 
but  would  be  as  great  for  any  plate,  however 
small,  as  for  the  largest  possible.  R,  the  resist- 
ance, includes  the  resistance  of  the  wires,  the 
interposed  liquid,  if  such  be  included  in  the 
circuit  as  in  the  voltameter  (see  Electro- 
Chksiistry),  and  the  resistance  of  the  metals 
and  the  liquid  of  the  battery  itself.  This  re- 
sistance of  the  battery  can  be  ascertained  in  any 
case  by  experiment.  It  is  found  that  this  portion 
of  the  resistance  is  diminished  by  increasing 
the  size  of  the  plates,  and  in  exact  proportion 
as  the  surface  is  increased ;  so  that  in  this  way 
large  plates,  though  they  do  not  increase  the 
electro-motive  force,  yet  greatly  contribute  to  the 
force  of  the  current  by  diminishmg  the  resistance. 
At  least  this  is  the  way  of  expressing  their  man- 
ner of  action,  and  it  answers  perfectly  in  calcu- 
lation. In  regard  of  the  wire,  experiment  proves 
that  by  doubling  the  length  the  resistance  is 
doubled  and  the  cun-ent  proportionally  enfeebled; 
by  trebling  the  length  the  current  is  diminished 
in  a  threefold  degree,  so  that  the  resistance  of  the 
wire  b  directly  as  the  length.  Experiment  also 
proves  that  a  Avire  gives  a  more  energetic  cur- 
rent the  thicker  it  is,  and  exactly  in  proportion  as 
the  wire  is  rendered  thinner  the  current  it  con- 
veys from  a  given  battery  is  enfeebled,  so  that 
the  resistance  of  the  wire  is  inversely  proportional 
to  its  section.  If  we  now  denote  the  whole  re- 
sistance by  R,  as  before,  and  the  resistance  of  the 
battery  itself  by  b,  and  that  of  the  wire  by  w, 
we  shall  have,  supposing  no  other  obstacles  to 
be  included  in  the  curcuit,  r  =  b  -|-  ^v• 
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B  varies  directly  as  the  distance  between  t!ie 
i  s  which  we  denote  by  d,  and  inversely  as 
surface  of  the  plates  s,  and  we  may  put 

=  —     Again  w  varies  directly  as  the  length 
s 

the  wire,  and  inversely  as  the  area  of  its  sec- 

11.  it  niav  therefore  be  represented  by  — , 

s 

en  I  is  the  length  of  the  wire  and  s  its  section, 
now  we  introduce  these  values  of  w  and  b  into 
formula  for  f,  we  shall  have  f  expressed  in 
ins  of  the  elements  upon  which  it  depends,  giving 

E 

£  ,  J 
a    '  s 

im  this  formula  it  is  obvious  that  we  can  in- 
ase  the  force  of  the  current  by  increasing  the 
ckness  of  the  wire  or  diminishing  its  length, 
if  these  be  not  practicable,  by  increasing  the 
face  of  the  plates  of  the  voltaic  elements  or 
linishing  the  distance  between  them,  or  lastly, 
increasing  e  by  employing  more  energetic 
ments.  The  formula  just  given  which  embraces 
m's  laws,  serves  for  predicting  the  effect  of 
mging  the  length  or  thickness  of  the  conduct- 
;  wire  or  varying  the  size  and  distance  of  the 
tes  of  a  voltaic  pair  in  any  case  where  we 
;p  to  the  same  kind  of  element  and  conducting 
re;  but  if  we  wish  to  construct  a  formula 
sich  shall  enable  us  to  calculate  the  effect  of 
J  voltaic  element  or  conducting  wire  from  those 
another,  then  we  must  introduce  two  other 
Tibols  which  may  be  replaced  by  the  real 
antities  which  they  denote  as  determined  by 
periment.  These  are  the  resistance  of  the  parti- 
lar  liquid  used,  which  we  shall  denote  by  A, 
d  the  specific  resistance  of  the  kind  of  metal 
ming  the  circuit,  which  we  may  denote  by  m, 
in.  we  shall  have 

B 
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le  resistances  of  different  metals  are  of  course 
■ersely  proportional  to  their  conducting  powers, 
ich  may  therefore  readily  be  got  from  the  fol- 
wing  table  of  conducting  powers : — 

Mercury  lOO 

Jon   650 

Platinum   855 

Copper  3840 

Gold  3960 

Iflyer.  4000 

Palladium  ,  5790 

«  will  thus  be  seen  that  a  similar  thickness  and 
gth  of  copper  wire  would  enfeeble  a  current  of 
itricity  much  less  than  one  of  iron ;  and  from 
at  has  been  said  above,  it  ia  evident  that  to 
Jt,  with  the  same  length,  as  strong  a  current 
mnm  a  ^ven  battery  by  means  of  an  iron  wire, 
M  a  copper  one,  we  would  require  to  use  an  iron 
Hire  of  greater  section  than  that  of  copper  in  the 
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ratio  of  38^0  to  G50  or  nearly  6  times  as  great, 
which  if  the  wires  were  round  would  be  given  by 
a  diameter  nearly  2^  times  as  great.  The  for- 
mula just  given  applies  to  the  case  of  a  single 
voltaic  pair,  and  must  be  modified  in  order  to  bo 
adapted  to  the  calculation  of  the  force  of  a  bat- 
tery composed  of  any  given  number  of  such  pairs 
joined  together  in  the  manner  described  in  the 
article  Battery.  It  is  evident  that  as  each 
pair  contributes  its  own  electro-motive  force  to 
the  current,  the  whole  electro-motive  force  will 
be  proportional  to  the  number  of  pairs,  so  if  we 
denote  by  n  the  number  of  pairs,  then  the  whole 
electro-motive  force  will  be  n  E,  where  e  repre- 
sents that  of  a  single  pair  and  all  are  equal. 
Although  the  electro-motive  force  be  n  times  as 
strong  the  current  wUl  not  be  n  times  as  forcible, 
because  the  resistance  is  also  increased,  the  cur- 
rent now  having  to  move  through  the  whole  liquid 
of  the  different  pairs,  which  will  be  n  times  as 
great  a  resistance  as  the  liquid  of  one  pair.  For 
a  battery,  then,  the  form  for  the  force  of  the  cur- 
rent will  be 

„  WE 


—  +7-* 


This  will  serve  in  all  cases,  where  the  force  of  a 
single  element  or  pair  is  given  and  the  length  of 
conducting  wire,  to  determine  the  force  of  a 
battery  of  any  number  of  paii'S.  In  compound 
circuits,  that  is  where  the  conducting  wire  is 
composed  of  different  thicknesses  or  of  different 
metals  joined  together,  it  is  found  that  the  force 
of  the  current  is  everywhere  the  same.  It  is  con- 
venient to  refer  all  resistances  of  wires  or  liquids 
or  other  matters  through  which  the  cun-ent  passes 
to  certain  definite  equivalents  on  a  specific  stand- 
ard ;  this  is  generally  taken  at  so  many  units  of 
length  of  a  standard  copper  wire  of  specified  thick- 
ness. Thei  length  of  this  wire,  or  the  number  of 
units  of  length  of  it,  which  afford  the  same  resist- 
ance as  any  conductor,  is  called  the  reduced 
length  of  that  conductor.  If  we  represent  the 
length,  conducting  power,  and  section  of  the 
substance  forming  the  circuit  hy  I,  c,  s,  and  the 
reduced  or  equivalent  length  of  the  standard  wire 
by  I',  its  conducting  power  and  section  being  c' 
and  s',  then,  as  the  force  in  each  case  is  repre- 
sented by 

J.      c  s       J  ^,       c' s' 
/=  _  and/'  = 


I 


and  it  is  required  that  the  force  of  current  given 
by  the  one  is  to  be  equal  to  that  given  by  the 
other,  we  must  have 

//.,  C  S  C'  3'  7,  </  S'  I 

=f'  or  — =  — —  or  V  = 

I  I  C  3 

By  this  means  it  is  easy  to  find  the  reduced 
length  of  any  given  length  of  any  wire,  and  in 
the  case  of  a  compound  conductor  it  is  only  ne- 
cessary to  calculate  the  reduced  length  of  each 
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part  and  add  the  whole  together  to  have  the 
equivalent  length  of  standard  wire  which,  weie 
it  substituted  for  the  given  circuit,  would  pro- 
duce no  alteration  on  the  force  of  the  current. — 
I  ouillet,  Fechner,  and  Wheatstone  haA'e  made 
many  experiments  confirmatory  of  Ohm's  laws. 
Wheatstone  employs  a  very  useful  instrument  of 
his  own  invention,  called  a  Rheostat,  which  es- 
sentially consists  of  two  cylinders  so  arranged 
that  it  is  easy  to  roll  otf  any  length  of  wire  from 
one  to  the  other  and  thus  introduce  it  into  the 
circuit,  while  at  the  same  time  its  length  is  mea- 
sured by  the  number  of  turns  made  by  the  cylin- 
ders. In  this  way  it  is  easy  by  means  of  a 
galvanometer  to  value  any  given  resistance  in 
terms  of  the  length  of  wire  equivalent  to  it,  or 
Avhich,  when  inti'oduced  into  the  circuit,  reduces 
the  needle  of  the  galvanometer  to  the  same  posi- 
tion. We  can  thus  readily  compare  the  electro- 
motive forces  of  any  two  voltaic  arrangements. 
It  is  evident  that  if  the  resistance  in  the  one 
Electro-motor  be  as  much  greater  than  that  of  the 
other  as  the  electro-motive  force  is  greater,  then 
the  current  should  have  the  same  force  in  the  two 
cases,  for,  in  the  same  proportion  as  the  electro- 
motive force  is  greater  so  it  is  required  to  over- 
come a  greater  resistance.  If  «  be  the  ratio  of 
the  one  electro-motive  force  to  the  other,  then  e 
being  the  one  electro-motive  force, «  e  is  the  other, 
and  if  e  be  the  one  resistance  and  n  r  the  other, 
then 

p       E         n  E 

R  ran 

and  if  by  means  of  the  Rheostat  a  certain  known 
resistance  r,  in  length  of  wire  be  added  to  the 
circuit  whose  resistance  is  b  and  electro-motive 
force  E,  then  the  force  of  the  current  is 

F'  =r 


K  -)-  r 

It  is  evident  that  in  the  other  circuit  whose  re- 
sistance has  been  previously  determined,  or  sup- 
jjosing  it  to  be  as  much  greater  than  r  as  tlie 
electro-motive  force  is  greater,  which  is  common 
enough,  then  if  we  add  by  means  of  the  Rheostat 
a  certain  length  of  wire  in  order  to  bring  the 
galvanometer  needle  when  acted  on  by  the  second 
current  to  the  same  point,  and  we  find  this  length 
to  be  n  times  as  great  as  that  added  to  the  first 
circuit,  the  two  cun-ents  are  equal  in  force,  so 
their  expression  ought  to  be  equal,  and  the  forces 
of  the  currents  can  only  be  equal  if  the  electro- 
motive forces  have  the  same  ratio  as  the  resist- 
ances.   So  we  have 

E  TOE 


But  n  is  known,  and  it  is  the  ratio  of  the 
electro-motive  forces.  An  exceedingly  im- 
portant principle  following  from  the  estima- 
tion of  the  resistances  of  diflferent  parts  of 
the  circuit,  consists  in  this,  that  if  the  whole 
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resistance  be  very  great,  as  in  the  case  of  tlia  - 
long  wires  of  a  telegraph,  then  tlie  addition  of  a 
large  number  of  coils  of  a  galvanometer  wire, 
or  the  wire  of  an  electro-magnet,  produces  very 
little  resistance  compared  with  the  whole,  and 
yet  by  increasing  very  much  the  number  of  turns, 
we  increase  in  the  same  degree  the  power  of 
the  current  in  giving  motion  to  the  needles  or 
magnetizing  iron  without  perceptibly  enfeebling 
its  force.  This  may  at  once  be  seen  from  the 
general  formulas  for  the  force  of  the  currents,  or 
it  may  be  stated  thus,  that  though  the  addition 
of  one  mile  of  mre  to  a  short  circuit  would 
make  a  very  great  alteration  on  the  force  of  the 
current,  yet  the  same  length  added  to  a  long 
circuit  of  100  miles,  would  produce  very  little 
diminution,  hence  it  is  beneficial  to  multiply  the 
effect  on  the  needles  of  telegraphs,  by  employing 
a  great  many  turns  in  the  coils.  By  means 
of  the  laws  of  Ohm,  we  are  enabled  to  resolve, 
a  priori,  many  problems  which  could  not  other- 
wise be  accomplished;  for  instance,  in  the  case 
that  a  branch  wire  is  taken  from  the  main  circuit 
so  as  to  cause  the  current,  which  passes  along  the 
single  wire  to  the  pouit  of  division,  to  divide 
itself  into  two  for  the  remainder  of  the  course, 
or  for  any  part  of  it  tiU  the  two  again  join ;  it 
is  required  to  determine  in  all  cases  of  ditference 
of  length,  thickness,  and  conducting  powers, 
what  would  be  the  comparative  force  of  current 
in  the  different  parts  of  such  a  compound  circuit. 
Let  N  D  o  p  in  fig.  1,  be  the  principal  circuit, 
and  D  L  p  the  addi- 
tional one,  then  n  d  is 
called  the  partial  cir- 
cuit, DOP  the  circuit 
of  derivative,  and  d  l  p 
the  derived  circuit.  The 
currents  in  these  parts 
receive  the  same  names. 
The  current  which 
would  pass  in  n  d  o  p  Yig.  1. 

if  there  were  no  de- 
rived current,  is  called  the  primitive  current. 
1 1  is  not  the  same  as  the  partial  current  in  n  d. 
The  lengths,  conducting  powers,  and  sections 
of  the  different  wires,  and  the  force  of  the  prim- 
itive current  being  given,  it  is  required  to  deter- 
mine the  force  of  the  partial  current,  which  we 
may  denote  by  a;,  the  derivative  current  y,  and 
the  derived  current  z.  If  the  wires  have  different 
conducting  powers  or  sections  we  can  reduce 
them  to  the  same  by  a  formula  previously  given. 
Suppose  then  I  to  represent  the  length  of  the 
partial  current,  I'  that  of  the  derived  current, 
and  I"  that  of  the  derivative  current,  /  being 
the  force  of  the  primitive  current  It  is  endent 
that  we  can  substitute  a  wire  instead  of  vhP 
the  derived  circuit,  which  shall  be  of  the  same 
length  as  D  o  p  the  derivative  circuit,  and  which 
shall  produce  no  alteration  on  the  currents,  pro- 
vided that  in  the  same  proportion  as  we  shorten 
or  lengthen  the  derived  wire,  we  diminish  or 
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roase  its  uiameter,  as  this  follows  from  Olim's 
of  the  resistance.    Then  to  find  this  section 
have 

s' :  s  :  :    :  I" 

ignifying  the  original,  and  s'  the  calculated 
ion  of  the  derived  circuit,  giving 


s'  = 


I" 


'  two  wires,  \iz. :  the  derived  and  the  deriva- 
circuit,  may  now  be  reckoned  of  the  same 
,th,  so  the  two  will  be  equivalent  to  a  single 
■  of  this  length,  and  of  a  section  equal  to  the 
I  of  these  sections,  which  will  be,  if  we  reckon 
sections  of  the  original  wire,  unity 

=  1+  ' 


s" 


I" 


can  eddently  now  calculate  the  reduced 
:th  of  such  a  wire,  or  the  length  of  wire 
le  original  circuit,  which  might  be  substituted 
it,  without  altering  the  current.  Its  length 
Id  require  to  be  greater  in  proportion,  as  the 
on  is  greater  by  this  law.  Hence 

l 
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These  two  equations  give  by  elimination, 
xl' 
I"  +  I' 

I' 


z  = 


2/  =  e 


which  by  inti'oducing  the  formerly  found  value 
of  X,  gives 

l"(l±J) 


y=f- 


HI'-}- 1) 


I  Q'  -j-  I")  -I-  I'  l'> 


giving  /"'  = 


I'  I" 


I'  4-  I" 

i  therefore  is  the  length  of  wire  which  may 
iibstituted  for  the  divided  part  of  the  circuit, 
out  altering  the  current.  It  is  now  easy  to 
.ilate  the  partial  current  which  would  exist 
le  circuit  so  completed,  by  joining  this  length 
0  the  partial  cu-cuit.  The  total  length  of 
a  circuit  would  be 

1'  1" 

~  I'^l"' 

t  the  force  of  the  cun-ent  in  such  a  circuit 
»ared  with  the  force  in  the  primitive  circuit, 
WId  be  inversely  proportional  to  their  lengtlis. 
Rce, 

ining  the  force  of  the  primitive  current.  Again 
Mid  the  forces  y  and  z,  we  know  that  their 

t  must  be  equal  to  the  partial  current  x, 
•V  a.ho  that  X  will  divide  itself  between  the 
wed  and  the  derivative  circuits,  in  the  inverse 

.  of  their  reduced  lengths.  The  first  condition 


""Second,  gives 


!/:z::l':  I" 


X,  y,  and  z,  being  the  forces  of  the  partial,  the 
derivative,  and  the  derived  current,  and  all  ex- 
pressed in  terms  of  the  force  of  the  primitive 
current,  and  the  lengths  of  the  different  circuits 
It  is  evident  that  as  I  and  I'  become  equal,  the 
force  in  the  derivative  and  the  derived  circuit 
would  become  equal,  as  then  the  expressions  for 
y  and  z  become  identical.    Under  the  same  con- 
dition we  find,  that  the  force  of  the  derived  and 
derivative  current  will  be  each  half  the  force 
of  the  partial  current,  as  the  expression  for  y  and 
2  each  become  half  that  of  x.    Again,  it  is  ob- 
vious, that  as  the  derivative  current  disappears 
the  derived  current  vanishes,  because  the  length 
of  the  derivative  circuit  is  a  factor  of  the  nu- 
merator of  the  expression  for  the  force  of  the 
derived  circuit.    The  latter  therefore  vanishes 
along  with  the  former.    As  an  instance  of  the 
practical  application  of  these  formulas  for  the 
forces  of  derived  currents,  we  may  cite  the 
mode,  by  this  means,  of  arriving  very  easily 
and  expeditiously  at  a  knowledge  of  the  spo't 
where  a  rupture  of  the  insulating  coating  of 
the  wires   of  a  subterranean  or  subaqueous 
telegraph  has  occurred,  without  the  necessity 
of  examining  the  whole  wire  piece  by  piece. 
To  deduce  a  formula  for  this  purpose  from  those 
above  given,  suppose  that  a  single  telegraphic 
wire  only  is  used,  that  is  to  say,  that  the  return 
current  takes  place  by  the  earth.  Let  a  current  be 
sent  along  the  wire  while  a  galvanometer  is  in- 
cluded in  the  circuit  at  each  end,  then  it  is  clear 
that  the  galvanometer  at  the  end  next  the  batterv 
will  receive  the  full  strength  of  the  undivided  cur- 
rent, while  that  at  the  extreme  end  will  only  ex- 
perience the  effect  of  the  derivative  cuiTent,  the 
derived  current  passing  through  the  leak  in  the 
coating  of  the  wire  at  the  point  of  rapture.  It 
is  evident  that  the  comparative  strengths  of  these 
currents  will  be  dependent  on  the  lengths  of  the 
circuits,  that  is,  on  the  position  of  the  point  of 
leakage,  or  the  point  of  derivation.    Let  s  and  s' 
(in  fig.  2)  be  the  stations,  and  n'  the  point  of 
leakage;   suppose  first,  that   the   battery  be 
placed  at  s,  and  let  I  denote  the  length  of  wire 
intervening  between  s  and  k,  I'  being  the  re- 
mainder of  the  wire,  and  I"  the  length  of  the 
derived  circuit,  that  is  in  this  case,  the  length  of 
earth  current  intervening  between  it  and  the  nlato 
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of  metal  immersed  in  the  ground,  as  at  s,  and  in 
communication  with  the  battery  there.  In  this 


Fig.  2. 

case  it  is  evident,  that  we  must  add  to  the  mere 
lengths  of  these  currents  the  reduced  lengths  of 
anj'  additional  resistances  which  may  be  inter- 
posed in  the  course  of  the  respective  currents. 
These  are  the  resistances  the  currents  experience 
in  passing  from  the  immersed  plates  to  the  earth, 
which,  for  simplicity  of  calculation  we  may 
neglect,  and  suppose  that  the  current  experiences 
a  resistance  r  in  passing  through  the  leak  in  the 
coating  of  the  wire.  As  the  earth  offers  no 
resistance  to  the  passage  of  the  current,  it  is 
evident,  that  the  derived  current  only  suffers  the 
resistance  r,  and  that  this  therefore  takes  the 
place  of  I"  in  the  formulas  for  the  forces  of  the 
respective  currents.  If  we  denote  by  /  the  force 
of  the  primitive  current,  or  that  which  would 
occur  were  there  no  leakage,  and  as  before,  a;  and 
y  may  denote  the  force  of  the  partial  current 
acting  on  the  galvanometer  nearest  to  the  battery, 
and  the  derivative  current  acting  on  that  at  the 
other  end  of  the  wire,  we  shall  have 


X       V  -\-  r 


1(1'  -\-r-\-  I'  r) 


Again,  removing  the  battery  to  the  opposite  end 
of  the  line  and  denoting  by  x'  and  y'  the  forces 
in  the  galvanometer  nearest,  and  tliat  most  re- 
mote, we  shall  have 


7^  : 


I' (.1 r) -\- I  r 


or 


y'  r 


By  means  of  these  two  equations,  containing  the 
three  unknown  quantities  I,  I',  and  r,  we  can 
eliminate  r  and  get  an  equation  between  I  and  I'. 


From  the  first,  we  get 


and  from  the  second 


X  —  y 


X'  — y' 

Efjuatlng  these  two  values  of  r  we  have 

I'y  ^  ly 

x  —  y         —  y 


or  l=V 
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a/  —  ;/ 
x  —  y 


which  exhibits  the  ratio  of  I  to  V  or  the  propor- 
tions of  the  parts  of  the  wire  between  either  end 
and  the  pomt  of  leakage  in  terms  of  the  observed 
force  of  the  currents. 

In  experiments  which  have  been  made  with 
a  view  to  facilitate  and  simplify  the  electric 
telegraph,  it  has  been  found  that  the  earth  may 
be  substituted  as  the  return  part  of  the  circuit 
instead  of,  as  was  supposed,  its  being  necessary 
that  the  complete  circuit  to  and  from  the  dis- 
tant station  should  be  formed  of  wire.  All 
that  is  required  is  that  the  battery  should  have 
one  of  its  poles  connected  with  a  metallic  plate 
buried  in  moist  ground,  and  that  the  other  pole 
should  be  put  in  communication  with  a  single 
wure  which  passes  along  the  line  on  insulating 
supports,  and  after  coiling  round  the  electro-mag- 
nets or  needles  at  the  distant  station  should  be 
joined  to  a  wire  from  another  plate  there  buried 
lilcewise  in  the  ground.  An  anomalous  fact  ob- 
served in  regard  of  this  mode  of  completing  the 
circuit  is  that  if  the  distance  between  the  two 
plates  be  small,  say  a  few  yards,  then  the  inter- 
vening earth  seems  to  present  a  perceptible  re- 
sistance to  the  current,  but  if  the  distance  between 
the  plates  be  increased  this  resistance  ceases  and 
the  current  is  as  strong  as  if  the  earth  were  not 
included  in  this  circuit,  or  had  no  resistance. 
This  may  be  accounted  for  from  Ohm's  law,  that 
the  resistance  is  inversely  as  the  section  of  the 
conductor,  as  in  this  case,  the  section  may  be 
regarded  as  infinite  and  of  course  the  conducting 
power  infinite  or  the  resistance  infiniteh'  small. 
But  whence  should  it  happen  that  where  the  earth 
circuit  is  short  a  resistance  is  experienced  ?  Ac- 
cording to  Ohm's  law  of  the  resistance  being 
inversely  proportional  to  the  length,  in  this  case 
the  resistance  ought  to  diminish  whereas  it  in- 
creases. In  order  to  the  explanation  of  this 
circumstance  many  investigators  have  adopted 
the  view  that  the  earth  does  not  act  as  a  con- 
ductor returning  the  identical  current  that  passed ' 
from  the  pile,  but  rather  as  a  reservoir  into  whi 
the  tension  of  the  two  poles  might  be  freely' 
perfectly  discharged,  thus  accomjilishing  the  s" 
end  as  if  the  two  poles  of  the  pile  were  joined 
gether  by  a  good  conductor,  as  this  mutual  dis 
charge,  constantly  kept  up,  is  what  constitutes  1 
current  in  the  conductor.  It  is  said  by  those  w*" 
adopt  this  \'iew  that  the  reason  that  a  short  r 
tance  of  earth  intervening  between  the  two  pel' 
apparently  presents  a  resistance  is,  that  it  is 
sufticient  to  discharge  the  electricities  of  the  i 
perfectly  and  instantaneously,  so  that  a  diminu 
tion  of  the  current  is  thereby  caused.  Bt  this 
it  may,  certainly  that  of  this  remarkable  property 
of  the  earth  with  reference  to  telegraphic  cu 
is  one  of  the  most  important  discoveries  of  receo 
times.  Allusion  has  already  been  made  to  th 
probability  of  the  current  being  a  series  of  polari 
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;  by  induction,  produced  consecutively  along 

line  of  molecules  of  a  conductor,  and  it  may 
ily  be  supposed  that  as  the  exact  nature  of 

;ictions  which  give  rise  to  these  induced  po- 
ities  of  the  natural  electricities  of  the  mole- 
03  is  not  ascertained,  it  would  be  difficult  to 
luce  precisely  the  laws  which  govern  the  speed 
h  which  the  current  would  propagate  itself 
iig  conductors.  Accordingly  it  is  to  experi- 
lu  chiefly  that  application  must  be  made  when 

object  is  to  ascertain  these  laws.  As  in  the 
e  of  sound,  where  for  waves  of  all  lengths 
he  same  medium  the  velocity  is  the  same,  so 
his  case  it  is  probable  that  in  the  same  sub- 
ice  electric  w-aves  of  all  intensities  will  travel 
h  the  same  speed,  and  also  that  the  time  taken 
un  over  a  certain  space  will  be  proportioned 
the  space,  that  is  that  the  velocity  wiU  be 
form.  These  inferences  have  been  confirmed 
experiment,  yet  it  does  not  follow  that  though 
electric  impulse  or  wave  should  travel  with 

same  speed  in  circuits  of  all  lengths,  yet  that 
intensity  of  electric  charge  necessary  to  pro- 
e  a  given  effect  such  as  making  a  telegraphic 
lal,  should  do  the  same.  It  would  seem  in- 
cl  that  this  is  not  the  case,  and  that  though  to 
ismit  an  electric  impulse  along  a  wire  500 
es  would  require  five  times  as  long  as  to 
ismit  it  100  miles,  yet  to  raise  the  600  miles 
vire  to  the  intensity  requisite  for  telegraphic 
poses  might  require  much  more  than  five  times 
ong  in  the  one  case  as  in  the  other,  a  circum- 
ice  that,  if  true,  would  exercise  a  most  impor- 
t  influence  on  telegraphic  communication  over 

distances  such  as  that  across  the  Atlantic, 
eems  also  to  be  ascertained  that  the  thickness 

natm'e  of  the  insulating  envelope,  in  the  case 
ubmerged  wire,  exercises  an  influence  on  the 
e  taken  by  the  electric  current  in  the  wire  to 

to  intensity  enough  to  produce  its  character- 
:  effects. 

ilany  efforts  have  been  made  both  on  the 
graphic  wires  of  Europe  and  America  to 
irfain  the  velocity  of  the  electric  current  in 
irent  metals  and  under  various  conditions. 

observers  agree  that  the  velocity  is  very 
it,  but  owing  to  the  vast  rapidity,  difficulty 
been  found  in  making  out  its  exact  amount. 

S.  C.  Walker  in  the  following  way  made 
ly  experiments  on  the  telegraphic  wires  of 
United  States,  and  deduced  a  velocity  of  from 

000  to  16,000  miles  per  second.    Two  cylin- 

1  of  metal  were  placed,  one  at  each  end  of  the 
e  and  metallically  connected  with  it  and  with 

1  lole  of  a  battery  while  the  other  pole  of  each 

ry  completes  the  circuit  with  an  electro- 
^net,  which  raises  and  depresses  a  steel  point 
inst  a  piece  of  paper  placed  on  the  cylinder 
li  time  that  the  current  is  passed.  The 
)  cylinders  are  made  to  revolve  with  exactly 

«ame  speed  by  cluck  work,  and  it  will  be 
nt  that  if  an  operator  placed  at  each  cylinder 

l)y  a  touch  of  his  finger  complete  the  connec- 
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tion  with  the  battery  and  animate  each  of  the 
electro-magnets  so  as  to  cause  them  to  press  the 
steel  point  against  tiie  paper,  and  if  they  shall 
agree  to  transmit  a  signal  alternately  at  a  given 
interval,  say  three  seconds,  after  the  signal  from 
the  other  arrives :  now  remembering  that  the 
transmitted  signal  registers  itself  on  the  cylinder 
whence  it  is  transmitted  as  well  as  on  the  other, 
if  we  denote  by  a  that  made  by  the  observer  a  on 
his  own  cylinder  and  a'  that  made  by  him  on  the 
opposite  cylinder,  b  and  b'  denoting  the  same  for 
the  signals  made  by  b,  then  in  the  case  of  no 
time  being  lost  in  the  passage  of  the  signal  along 
the  wire  the  following  arrangement  would  be  seen 
on  the  two  cylinders  : — 

a'         b  a' 


But  if  a  certain  amount  of  time  elapse,  then  the 
arrangement  of  the  signals  on  the  two  papers 
would  not  be  at  equal  intervals,  but  something 
such  as 

a'       b  a' 


The  difference  of  distance  between  a'  b  and  a  h' 
on  the  two  cylinders  being  the  space  the  surface 
of  the  cylinder  revolves  in  twice  the  time  occu- 
pied by  the  current  in  traversing  the  wire.  Hav- 
ing ascertained  this  length,  which  we  denote  by 
d  in  inches,  it  is  easy  to  deduce  the  velocity  thus. 
Let  c  denote  in  inches  the  circumference  of  the 
cylinder,  n  the  number  of  seconds  occupied  in 
completing  a  revolution,  then  the  number  of  se- 
conds spent  by  tlie  current  in  rushing  along  the 
wire  is  represented  thus : — 


t  = 


n  d 


And  if  I  denote  the  length  of  the  wire  in  miles 
I  lie 


^  t 


n  d 


where  v  represents  the  velocity  in  miles  or  the 
number  of  miles  run  over  in  a  second.  It  must 
be  observed  that  this  method  takes  for  granted 
that  the  signals  can  be  made  at  exactly  equal 
intervals,  and  also  that  the  electro-magnets  used 
to  make  the  impressions  either  act  instantaneously 
or  at  least  always  with  the  same  loss  of  time,  a 
circumstance  that  is  not  fulfilled  imless  the  cur- 
rent should  remain  of  exactly  the  same  intensity. 
These  diflSculties  can  be  got  over  by  talcing  the 
average  of  a  vast  number  of  results. 

MM.  Fizeau  and  Gounelle  have  emploj'ed  a 
different  and  verj'  ingenious  method  of  ascertain- 
ing the  velocity  of  the  electric  current.  Their  ex- 
periments were  made  on  the  Rouen  and  Amiens 
telegraphs.  They  employed  two  discs  of  metal 
fixed  tipon  the  same  axis,  each  disc  being  divided 
into  a  certain  number  of  parts  at  its  circumference, 
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the  half  of  which  ■^vere  filled  with  pieces  of  wooa 
or  ivory  as  represented  by  the  dotted  lines  in  tlie 
cut.    The  axis  is  cut  into  two  parts  and  united 

by  wood,  so  as  to 
prevent  communica- 
tions of  a  cuiTcnt 
from  one  disc  to  the 
other.    One  axis  is 
put   in  connection 
with  a  pole  of  the 
pile,  the  other  pole 
put  into  connection 
with  a  metallic  plate 
buried  in  the  earth. 
A  pointed  piece  of 
platinum  A,  presses 
on  the  circumference  of  the  disc  and  has  in 
metalUc  junction  with  it  the  end_  of  the  tele- 
graphic wire,  the  return  wire  being  similarly 
joined  to  the  platinum  point  b,  which  touches 
the  circumference  of  the  other  wheel  or  disc. 
From  the  axis  of  this  second  disc  there  passes 
a  wire  of  a  galvanometer,  the  opposite  end  of 
which  is  in  connection  with  another  plate  of 
metal  buried  in  the  earth,    a  and  b  are  so  fixed 
that  when  the  wheel  is  turned  as  indicated  by  the 
arrow,  one  of  the  metallic  divisions  is  leavuig  A 
exactly  as  a  metallic  division  of  the  other  wheel 
is  coming  in  contact  with  b.  It  is  evident  by  this 
arrangement,  that  so  long  as  the  wheel  remams  at 
rest  in  any  position,  the  current  cannot  pass,  and 
the  galvanometer  needle  wiU  remain  at  zero. 
And  the  same  will  be  the  case  whatever  degree 
of  rotation  be  given  to  the  discs,  if  the  cuiTent 
pass  perfectly  instantaneously  along  the  whole 
intervening  whe,  because  at  no  turn  is  the  circuit 
ever  complete,  as  the  points  A  and  b  can  never 
be  both  on  metal  at  the  same  instant.    But  if  a 
certain  time  elapses  from  the  moment  the  last 
electric  wave  leaves  A  as  it  passes  from  the  metal, 
till  the  same  wave  arrives  at  b,  then  b  may  have 
entered  on  the  metal,  and  may  complete  the  cir- 
cuit down  to  the  galvanometer.    It  is  further 
obvious  that,  as  the  rotation  of  the  discs  becomes 
more  rapid,  a  gi-eater  amount  of  current  may  get 
past  to  the  gah'anometcr,  and  that  if  the  rotation 
be  such  that  the  whole  of  the  divisions  passes 
under  the  platinum  while  the  current  is  occupied 
in  passing  along  the  wire,  then  the  half  of  the 
whole  current  will  pass  to  the  galvanometer,  but 
that  if  the  speed  of  the  disc  be  increased  still 
more,  then  the  force  on  the  galvanometer  will 
again  diminish,  as  a  greater  interruption  will 
take  place  to  the  current.    If  then,  at  the  tune 
when  the  maximum  influence  is  perceived  on  the 
galvanometer,  the  number  of  turns  per  second  of 
the  discs  be  observed  and  denoted  by  n,  the  cir- 
cumference of  the  disc  in  inches  by  c,  the  numl^cr 
of  divisions  by  m,  and  tlic  length  of  the  wire 
bv  /,  V  the  velocity  in  miles  per  second,  <  being 
also  expressed  in  milcs,-is  given  by  v  ==  i  m  n ; 

th  of 
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a  second  the  length  of  one  division,  or  — ^th  of 

m 


the  circumference  will  pass  in  —  th  of  — th,  or 

m  n 

t  =  lmn;  but  <,  the  time  of  one  division  pass- 
ing, was  dso  the  time  of  the  current  running  tlie 

whole  length  of  the  wire,  so  t  =  — i— ,  but 


s,ov=.  Imn.   In  this  way  it  appears 


for  as  the  whole  circumference  passes  in 


that  the  electric  current  traverses  iron  wire  at  a 
rate  of  63,000  miles  per  second,  and  copper  wire  at 
a  rate  of  111,000  miles  per  second.  The  nature  of 
the  pile,  or  its  size,  exercises  no  influence  on  the 
speed  of  the  current.  If,  however,  what  was  said 
with  reference  to  the  time  required  for  a  wire  to 
rise  to  different  degrees  of  electric  tension,  be 
true,  it  is  evident  that  these  numbers  cannot  be 
taken  as  absolute  measures  of  the  velocities  of 
the  electric  wave,  but  only  as  indicatmg,  that, 
with  wires  of  a  certaui  length  and  diameter,  a 
force  of  current,  sufficient  to  afi'ect  the  needles  of 
the  galvanometer,  passed  throughout  this  extent 
at  this  speed.  It  is  obvious  that  the  subject  of - 
the  propagation  of  electric  currents  in  conductors, 
still  remains  in  much  obscurity. 

As  intimately  connected  with  the  theory  of 
the  transmission  of  electricity  along  conductors, 
and  the  velocity  of  such  transmission,  it  may  be 
well  here  shortly  to  allude  to  the  interestmg  and 
novel  experiments  made  within  the  past  year  by 
Faraday.   These  experiments  were  chiefly  made 
by  means  of  powerful  batteries  on  long  lines  of 
immersed  submarme  telegraphic  cable,  the  wires 
of  which  were  each  coated  with  gutta  percha. 
He  employed  an  insulated  voltaic  battery  of  380 
pairs.    The  distant  end  of  the  telegraphic  wire 
was  in  communication  -nath  a  plate  of  metal 
biuied  in  the  earth,  as  was  also  one  pole  of  the 
battery.   When  the  other  pole  of  the  battery 
was  put  in  connection  with  the  near  end  of  the 
submarine  wire,  and  the  contact  then  broken,  a 
vivid  spark  ensued,  and  if  the  two  wires  were 
held  in  the  hands,  the  operator  received  a  most 
violent  shock,  which  continued  for  some  time; 
by  gently  touching  the  end  of  the  submarine 
wire  again  and  again,  it  was  possible  to  take 
away  a  series  of  more  gentle  discharges,  though  ^ 
there  had  been  no  intermediate  connection  with : 
the  battery.    As  many  as  30  or  40  sho<*s' 
could  thus  be  got  in  the  same  way,  as  if  the 
wire  had  contmually  again  the  power  to  chi^ 
itself.    If  some  time  was  allowed  to  elapse,  alter 
communication  with  the  battery  had  been  with- 
drawn from  the  wire,  before  the  shocks  or  sparks 
were  taken  from  it,  thev  had  evidently  begun  to 
gi-ow  more  feeble,  but  slill,  after  a  number  o 
minutes,  thev  were  abundantly  perceptible.  Hot 
only  were  powerful  shocks  and  sparks  got  from 
the  submarine  wire  which  had  been  separatca 
from  connection  with  the  battery,  but  it  coum 
Inflame  gunpowder,  and  this  even  for  a  penoa 
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five  or  six  seconds  after  the  rupture  of  contact. 

hen  a  galvanometer  was  interposed  in  the 
lit  between  the  end  of  the  wire  and  the 
h,  after  its  communication  witli  the  battery 

i  been  broken,  the  needles  were  violently 

lirled  round,  even  at  the  end  of  a  period  of 

my  minutes. 

fu  other  experiments,  the  galvanometer  had 
e  end  of  its  coil  fastened  to  the  submarine 
'e,  while  the  other  end  was  put  in  communi- 
on with  the  battery,  the  remaining  pole  of 
>  battery  being  still  in  communication  with 
'  soil;  in  these  circumstances,  the  needles 
w  ly  deviated  as  if  the  electricity  of  the  battery 
re  pouring  itself  into  the  cable.    When  the 
tery  was  separated  from  the  galvanometer, 
I  the  latter  touched  by  the  finger,  or  put  into 
iimunication  with  the  earth,  the  needle  de- 
ted  in  a  contrary  direction,  indicating  an 
erse  current,  or  that  the  electricity  which  had 
;sed  mto  the  cable  was  returning.    The  same 
;aomena  were  produced,  whether  the  com 
nications  of  the  cable  with  the  earth  were 
ken  at  one  or  both  ends  at  the  same  mstant, 
1  they  took  place  at  either  end  of  the  wire,  or 
h  either  pole  of  the  battery.    A  battery  of 
at  power  was  necessary:  thus,  12  pairs  of 
tes  in  a  high  state  of  activity  produced  no 
h  eftects.    It  was  also  noticed,  that  a  simila- 
le  suspended  in  the  air,  produced  none  of  the, 
ve  described  phenomena,  though  its  insula- 
1  was  as  perfect,  whence,  it  would  seem,  that 
water  which  surrounded  the  gutta  percha 
elope  was  one  of  the  necessary  conditions 
is  probable,  indeed,  that  the  wire  and  the 
er,  separated  as  they  were  by  the  film  of 
ta  percha,  formed  a  disguismg  arrangement 
ilar  to  the  armatures  and  glass  of  a  Leyden 
(see  Battery,  Electric),  whereby  great 
imulation  would  occur,  the  battery  serving 
:  constant  source  of  supply,  as  if  it  were  an 
tnc  machine.    On  calculation,  it  was  easy  to 
from  the  length  and  diameter  of  the  wires, 
their  envelopes,  that  a  Leyden  battery  was 
i  formed  of  1,000  square  yards  of  coated  sur- 

■  Thus,  though  the  tension  of  the  electric 
i:e  could  not  rise  to  that  of  the  ordinary 
-lie  machine;  being  no  higher  than  that  of 
pole  of  the  battery  of  380  pairs;  still,  its 
itity  was  enormous,  bemg  the  full  charge  of 
'0  yards  of  surface. 

"veral  galvanometers  were  next  introduced 
the  circuit,  as,  for  instance,  one  at  each  end 
lie  cable,  and  one  in  the  middle.    It  was 

■  observed,  that  the  galvanometer  nearest  the 
cry  was  affected  the  instant  the  circuit  was 
pleted,  while  the  one  in  the  middle  was  some 
t  time  in  indicating  the  arrival  of  the  cur- 
,  and  that  at  the  extreme  end  only  showed 
presence  of  electricity  after  several  seconds, 
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never  reached  the  same  amount  of  deviation 
.e  other  instruments.  When  all  the  needles 
■  m  a  state  of  deviation,  if  the  connection 


with  the  battery  was  broken  off,  the  nearest  gal- 
vanometer instantly  showed  a  total  cessation  of 
current,  the  one  end  of  its  wire  being  insulated 
from  the  earth,  while  the  other  two  galvanometers 
continued  for  some  time  to  indicate  a  ciu-rent, 
showing  that  the  whole  electric  charge  of  the 
wire  was  flowing  down  into  the  earth  by  the 
extreme  end  of  the  cable.  If,  instead  of  leaving 
the  end  of  the  galvanometer  coil  which  had 
served  for  establishmg  the  communication  of  the 
whole  with  the  battery  free,  it  be,  as  soon  as  it 
is  separated  from  it,  suddenly  put  into  connection 
with  the  earth,  the  whole  of  the  electricity  does 
not  then  escape  by  the  distant  end  of  the  wire, 
but  part  of  it  returns,  causing  an  inverse  devia- 
tion of  the  near  galvanometer,  and  exhibiting 
the  curious  spectacle  of  the  current  passing  along 
the  two  ends  of  the  wu-e  in  opposite  directions  at 
the  same  instant. 

Such  experiments  show  that  electricity  vrill 
not  freely  escape  from  a  wire  surrounded  by  a 
nonconducting  and  round  that  a  conducting^ 
envelope  constituting  a  condensing  apparatus, 
until  so  much  of  the  current  has  entered  as  to 
raise  its  tension  to  be  nearly  equal  to  that  of  the 
battery,  and  that  this  takes  a  longer  and  longer 
time  as  the  length  of  wu-e  is  greater. 

The  effects  of  the  electi-icity  may  be  enu- 
merated as  follows : — 1st,  Chemical ;  2d,  Ther- 
mal or  heating ;  3d,  Magnetic,  as  evidenced  in 
the  mutual  influence  exerted  between  a  mag- 
netic and  an  electric  current  constituting  Electro- 
Magnetism  ;  4th,  Induction,  as  shown  in  the 
induction  of  magnetism  in  iron  and  other  suni- 
lar  bodies  placed  in  the  neighboiu'hood  of  the 
current,  and  also  in  the  induction  of  electric  cur- 
rents in  neighbouring  conductors.  This  aiTange- 
ment  is  far  from  faultless,  as  it  by  no  means 
embodies  all  that  relates  to  the  current,  and  some 
of  the  subdivisions  encroach  on  and  interfere  with 
others,  but  it  serves  in  some  degree  as  a  basis 
on  which  to  proceed.  The  first  head  will  be  found 
discussed  at  some  length  under  Electro- 
chemistry. 

The  wire  of  an  active  galvanic  battery  be- 
comes heated  by  the  passage  of  the  current; 
and  it  is  observed  that  the  amount  of  heating 
rises  more  rapidly  than  the  power  of  the  bat- 
tery; that  is,  that  a  doubly  powerful  battery 
will  heat  a  given  -wire  with  more  than  double 
effect.  It  is  also  noticed,  that  more  heat  is  pro- 
duced by  a  given  batteiy  if  the  conducting  wire 
be  thick  than  if  it  be  thin,  and  these  relations 
have  been  stated  thus,  that  the  amount  of  heat 
produced  is  inversely  proportional  to  the  diameter 
or  the  conducting  power  of  the  wire,  and  pro- 
portional also  to  the  square  of  the  quantity  of 
electricity  which  actually  passes.  It  follows  that 
by  increasing  the  power  of  the  battery,  or  bv 
diminishing  the  thickness  of  the  wire,  wo  miHit 
get  any  temjierature  required,  and  this  is  so  far 
practicable  that  it  is  easy  to  attain  a  white  heat 
in  the  wire  itself  besides  the  development  of  a 
201 


ELE 

large  amount  of  heat  in  the  battery,  as  evinced 
by  the  whole  apparatus  rising  in  temperature 
frequently  to  near  the  boiling  point. — It  is  found 
that  iron  and  platinum  are  much  more  efficacious 
as  heat-producing  channels  than  silver  or  copper, 
and,  as  some  say,  because  they  are  more  imperfect 
conductors ;  but,  were  this  the  true  explanation, 
then  it  would  follow  that  silk  or  gum  lac,  or 
glass  would  be  still  more  efficacious,  which  is  far 
from  being  the  case.  The  true  explanation  no 
doubt  is,  tLat  by  some  peculiarity  of  structure  they 
are  more  efficacious  in  converting  the  energy  of 
the  current,  whatever  that  may  be,  into  the 
vibratory  motion  which  constitutes  heat,  in  the 
same  way  as  some  substances  become  more  power- 
fully heated  by  a  blow  or  by  friction  than  others, 
by  transmitting  less  of  the  applied  mechanical 
energy  to  other  bodies,  and  converting  more  of  it 
into  vibratory  motion  among  the  constituent 
molecules.  A  pair  of  plates,  on  Wollaston's  or 
Smees'  principle,  of  4  inches  square,  moderately 
excited,  are  sufficient  to  ignite  a  steel  wire  of  the 
thickness  used  for  the  hair  springs  of  watches. 
The  arrangement  represented  in  the  cut  answers 
well  for  such  experiments,  a  and 
B  are  two  wires  of  copper  covered 
with  silk  or  cotton  thread,  and 
twisted  for  steadiness,  while  the 
thin  wore  is  stretched  between  their 
points.  When  the  poles  of  the  bat- 
tery are  put  into  communication 
with  A  and  b,  the  current  passes 
through  the  thin  wire,  which  in- 
stantly becomes  heated  to  redness, 
if  the  battery  is  powerful  enough, 
or  is  even  dissipated  in  sparks  of 
oxide  by  combustion.  Gunpowder 
or  other  inflammable  substances  may  of  course 
be  readily-  inflamed  by  being  placed  in  contact 
with  such  a  wire  and  the  cun-ent  passed.  This 
fact  has  been  taken  advantage  of  in  electric 
blasting,  and,  from  its  applicability  in  situations 
where  the  miner's  fuse  could  not  be  used,  has  been 
of  much  service  in  practice.  Under-water  blast- 
ing is  now  altogether  carried  on  by  this  means. 
It  is  also  useful  because  of  the  possibility  of  in- 
suring the  simultaneous  action  of  many  charges 
of  powder  placed  at  a  distance  from  each  other  for 
the  purpose  of  effecting  the  dislodgment  of  large 
masses  of  rock  or  earth,  as  was  the  case  recently 
at  Dover,  where  nine  tons  of  gunpowder  in  three 
charges  were  simultaneously  exploded  in  cavities 
cut  at  distances  of  seventy  feet  from  the  sea  cliff", 
and  detached  with  perfect  safety  600,000  tons  of 
rock. — All  that  is  necessary  in  such  a  case  is  to 
enclose  in  each  separate  charge  of  powder  such  an 
apparatus  as  that  shown  in  the  cut,  and  connect 
them  all  with  wires  led  up  through  the  packing 
of  the  mine  to  a  powerful  galvanic  battery 
with  which  they  are  to  be  put  into  connec- 
tion at  the  moment  when  it  is  wished  that  the 
explosion  should  take  place.  In  military  opera- 
tioua  it  has  been  found,  by  experiments  which 
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have  been  carried  on  by  the  Russian  government 
through  tlie  instrumentality  of  Prof.  Jacobi,  that 
electric  blasting  may  be  exceedingly  useful.  It 
is  believed  to  be  the  means  in  use  in  some  of  the 
"infernal  machines"  sunk  off" Cronstadt,  and  it  has 
been  recently  used  with  success  imder  the  fort'ifica- 
tions  of  Sebastopol. 

It  is  found  that  large  single  pair  voltaic  ar- 
rangements are  more  powerful  in  producing 
heat,  if  no  great  length  of  wires  is  to  be  tra- 
versed, than  numerous  small  plates  formed  with 
a  battery.    Accordinglj',  coiled  plates  of  400 
square  feet  have  been  constructed,  for  tlie  purpose 
of  exhibiting  on  a  great  scale  these  eff^ects.  The 
names  of  Caloiimotors  or  Deflagrators  are  given 
to  them.    If  from  one  of  the  wires  of  such  an 
apparatus,  or  even  from  that  of  a  small  batterj',  a 
thin  leaf  of  metal  be  suspended,  and  a  plate  of  cop 
per  in  connectionwth  the  otherwire 
be  brought  into  contact  with  its 
edge,  (fig.  5,)  brilliant  combustion 
wUl  ensue,  and  part  of  the  metal 
will  be  dissipated  in  vapour.  Gold 
leaf  gives  a  whitish  light ;  silver, 
a  bright  green ;  zinc,  Dutch  gold, 
and  tin,  displaying  different  cha-  ; 
racteristic  colours.   If  these  experiments  be  made  • 
with  a  powerful  battery,  and  in  darkness,  thc; 
constitute  some  of  the  most  imposing  of  elec- 
trical phenomena.    A  steel  point  in  connection , 
with  one  pole,  and  dragged  across  a  file  of 
same  metal  in  connection  with  the  other,  g^i 
out  copious  showers  of  red  sparks,  similar  to  1 
emitted  under  the  operations  of  the  blacksmith*  j 

By  far  the  most  splendid  exhibition  of 
heating  eff'ect  of  the  voltaic  current  con 
in  the  light  emitted  from  two  charcoal  poii 
brought  so  closely  together  when  in  connec 
with  the  wires  of  a  powerful  batterj-,  as  to  ; " 
of  the  passage  of  the  current  between  tha 
It  ought  to  be  imderstood  that  this  is  not  a  : 
directly  from  the  current  itself,  but  rather  thatj 
proceeds  from  its  conversion  into  heat  in 
charcoal,  which  thus  becomes  intensely  lumino 
Charcoal  recently  prepared  from  some  dense  wo 
such  as  boxwood,  answers  well  for  this  pu 
but  is  on  the  whole  less  eff"ec- 
tive  than  the  dense  coke  got 
from  the  roofs  of  the  retorts, 
in  coal  gas  works.    This  sub- 
stance is  either  cut  at  once 
into  pencils,  or  having  been 
powdered,  is  pressed  and  ham- 
mered into  moulds  to  give  it 
density  and  form,  and  is  then 
put  into  connection  with  the 
poles  and  steadied,  the  two 
points  opposite  each  other  by 
some  arrangement,  such  as 
that  represented  in  fig.  6, 
facility  l3eing  afforded  for  regulating  the  distand 
between  the  points,  so  that  the  maximum  Bg^ 
may  be  produced.    That  the  light  is  not  giv 
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:t  by  combustion  of  the  charcoal,  may  bo  seen 

•  immersing  the  whole  in  water,  when  the  light 
11  still  be  produced,  though  more  feeble,  or 

a  vacuum,  by  Avithdra\ving  the  ah-  from  a 
s  globe  surrounding  the  points,  when  the 

le  will  become  even  more  intense  than  in  air. 

•  greatest  barrier  hitherto  experienced  in 
e  application  of  this  most  brilliant  of  all  arti- 
i:il  lights,  to  the  purposes  of  illumination,  has 
iisisted  in  the  difficulty  of  regulating  with 
rlicient  nicety  the  distance  of  the  charcoal 
ints  from  each  other,  as  the  substance  of  one 

I)oth  irregularly  wastes  away  by  the  contact 

18  air,  and  by  sublimation  of  the  particles. 

s  has  been  to  some  extent  overcome  by  auto- 
tic  arrangements  of  electro-magnets,  as  a 
-titute  for  the  human  hand,  and  to  a  cou- 

able  degree  successfully.    If  to  this  we  add 

recently  opened  prospects,  that  the  processes 
many  chemical  manufactures  may  be  made 

means  of  affijrdmg  abundant  supplies  of 
;tricity,  in  a  form  to  fit  it  for  this  pm-pose,  we 
y  exercise  the  hope  that  another  brilliant 
ievement  by  science  and  art  will  be  added  to 
ir  many  former  contributions  to  human  com- 

and  adornment. 
)u  the  subject  of  the  heatmg  effects  of  Elec- 

currents,  it  will  be  only  necessary  to  add 
t  ^  they  have  been  recently  used  in  con- 
ation with  the  concentrated  sun's  rays,  to 
ct  the  fusion  of  refractorj'  minerals.  The  dia 
id  has  readily  given  way  to  this  treatment. 

melted  into  a  globular  bead,  and  according 
ome,  plumbago  and  coke  when  thus  treated, 

be  converted  into  the  precious  stone,  not 
beautiful  as  the  real  it  may  be,  but  giving 
e  approximation  to  many  of  its  characters. 
Ve  may  next  give  a  short  exposition  of  the 
;netic  relations  of  the  current,  constituting 
t  is  called  Electro-Magnetism.  The 
lamental  fact  upon  which  this  science  is  based, 
iie  following :— If  a  magnetic  needle  free  to 
e  on  its  pivot,  be  brought  into  the  neighboiir- 
1  of  a  wu-e  carrying  the  voltaic  current,  the 

•  which,  if  it  be  a  non-magnetic  metal,  such 
copper,  had  previously  no  action  on  the 
■net,  now,  by  reason  of  the  current,  causes  it 
love,  and  in  a  way  of  which  it  is  not  at  first 

to  perceive  the  law.  For  example,  if,  as  is 
.cnted  in  the  cut,  (fig.  7,)  the  current  be 
placed   parallel  to 


the  needle  and  above 
it,  the  needle  moves 
round  on  its  axis  to 
a  new  position,  as 
shown  by  the  dotted 
lines,  and  if  the  cur- 
rent be  further  ap- 
proximated or  be 
» ..    ^,         „  rendered  more  en- 

Btctic,  the  needle  will  turn  still  more  round 
If  the  force  is  powerful  enough,  a  position  of 
'ibnum  IS  assumed  at  right  angles  to  the 
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direction  of  the  current,  the  directive  force  of 
the  earth  having  been  completely  overcome. 
Farther  round  than  this,  no  increase  in  the  energy 
of  the  current  can  impel  it.  The  only  effect 
being,  a  greater  pertinacity  in  retaining  the  new 
position  in  opposition  to  any  force  tending  again 
to  twist  it  towards  parallelism  with  the  current. 
If  now  we  remove  the  current  to  a  position  below 
the  needle  instead  of  above,  the  poles  will  be 
turned  round  in  the 

opposite  direction,       ^  .^^ 

as  is  represented  in 
fig.  8.  If  the  di- 
rection of  the  cur- 
rent in  the  wire  be 
reversed  while  it 
remains  in  the  same 
position,  the  motion 
of  the  needle  is  instantly  changed  to  the  opposite 
direction,  from  which  circumstances  it  follows, 
that,  if  the  same  current  be  carried  in  one  direc- 
tion, above  the  needle  and  back  again,  in  the 
opposite  direc- 
tion below  it,  as     ,  ^»-» 

in  &g.  9,  the 
action  of  the  two 
portions  of  the 
current  will  con- 
spire to  give  the 
same  new  posi- 
tion of  equili- 
brium, and  that 


Fig.  8. 
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the  twisting  effect  wiU  be  doubled,  and  it  is  evi- 
dent, that  if  the  same  current  were  again  brought 
round,  a  fourfold  effect  might  be  produced,  so 
that  a.  weak  current  might  be  made  by  this 
principle  of  multiplication  to  produce  almost  any 
amount  of  action,  and  that  this  might  be  used  as 
an  mdex  of  the  comparative  strengths  of  different 
currents,  which  is  accordingly  taken  advantage 
ot,  m  the  instrument  called  a  galvanometer.  If 
instead  of  placing  the  current  above  or  below 
the  needle,  it  be  placed  alongside  of  it,  and  in  the 
same  direction 

10,  it   


as  in  fig, 
will  be  seen, 
that  the  same 
tendency  to 
place  itself  a- 
cross  the  direc- 
tion of  the  cur- 
rent, will  still 
be  manifested 
by  the  one  pole 
rising  and  the 
other  being  de- 
pressed; and  if 
the  needle  were 
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only  moveable  in  a  vertical 
plane  it  would  finish,  if  the  current  were  strong 
enough,  by  placing  itself  vertically  across  the 
horizontal  wire,  but  in  the  case  of  a  magnet 
suspended  on  a  point,  this  is  not  what  occurs 
for  no  sooner  in  the  last  mentioned  arrange- 
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ment  does  the  one  pole  rise  above  the  current 
and  the  other  pass  below  its  level,  than  they 
immediately  begin  to  move  horizontally,  and 
tend  to  twist  the  magnet  spirally  on  the  wire. 
By  a  careful  inspection  of  the  appearances,  this 
Ciiu  readily  be  noticed.  After  much  difficulty, 
when  these  observations  were  first  made,  it  be- 
came apparent  that  the  influence,  whatever  it 
might  be,  tended  to  propel  each  pole  of  the  mag- 
net continually  round  the  line  of  the  current,  but 
the  two  in  opposite  directions,  (fig.  11.)  It  is  clear, 
unless  the  needle  were  capable  of  being  bent 
like  a  thread,  the  tAvo  poles  could  not  continu- 
ously obey  the  forces  tending  respectively  to 

twist  them  in 
opposite  direc- 
tionsromidthe 
wire,  and  that 
the  only  way 
in  which  they 
can  manifest 
their  tendency 
Fig.  11.  is,  by  taking 

up  the  cross 

position  which  we  have  seen  the  needle  to  assume. 

If  one  pole  of  the  magnet  could  be  liberated 
from  the  other,  a  continued  circulation  round  the 
wire  might  be  expected.  This  cannot  be  done, 
but  the  other  may  be  rendered  inactive  by  pre- 
venting the  current  from  acting  on  it  by  leading 
it  away  from  the  needle  after  it  has  passed  along 
only  one  of  its  ends.  Were  we  to  use  a  bent  wire 
for  this  purpose,  it  is  evident  that  the  bent  por- 
tion would  interfere  with  the  motion  of  the  mag- 
netic pole  round  the  re- 
mainder of  the  wire.  The 
difficulty,  however,  has 
been  overcome  by  sub- 
stituting a  liquid  con- 
ductor instead  of  a  wire 
for  the  bent  portion  of  the 
circuit.  The  magnet  is 
bent  as  is  represented  in 
the  cut  so  as  to  enable  it 
to  be  supported  in  a  ver- 
tical position  on  a  pivot. 
It  carries  a  small  cup  of 
mercury  on  its  upper  sur- 
face, into  which  the  point 
of  one  of  the  battery  wires 
dips,  transmitting  the  cur- 
rent in  a  parallel  direction 
near  one  of  the  halves  of 
the  magnet ;  it  is  then  carried  along  a  bent  wire 
which  dips  into  a  circular  channel  of  mercury, 
whence  it  passes  by  the  small  mercurial  cup  on 
the  right  away  to  the  other  wire  of  the  battery, 
thus  having  only  passed  along  one  of  the  halves 
of  the  magnet,  the  other  half  having  no  current 
remains  indift'erent,  and  easily  follows  round  in  a 
continuous  circuit  after  the  other,  as  its  opposite 
rotation  is  not  called  into  action.  Thus  the  re- 
markable spectacle  is  presented  of  a  body  con- 
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tinuously  whirled  round  a  fixed  line  by  what 
appears  to  be  a  single  force  derived  from  that 
line  in  a  direction  always 
along  the  tangent  to  the 
circles  described  round  it  as 
a  centre,  (fig.  13.)  We  shall 
afterward  see  how  this  ap- 
parent physical  anomaly  has 
been  reconciled  with  the  or- 
dinary laws  of  mechanics. 

Asmayeasilybesupposed, 
from  the  universal  laws  of  the 
equality  of  action  and  reac- 
tion, the  wire  is  aff'ected  by  an  equal  tendency  to 
pass  across  the  magnet,  and  this  may  be  rendered 
evident  by  suspending  a  wire  in  the  manner 
indicated  in  the  woodcut  where  the  ends  dip 
into  mercurial  cups  A  b, 
in  metallic  communica- 
tion with  other  cups  into 
which  the  wires  of  the 
battery  are  introduced, 
giving  us  a  wire  carrying 
a  current  and  yet  being 
free  to  turn  itself  on  the 
pivot  at  B.  If  a  mag- 
netic bar  be  placed  over 
B  and  narallel  to  the 


wire,  it  (the  wire)  will 


Fig.  14. 


turn  itself  round  to  a  di- 
rection at  right  angles,  when  it  again  stands 
stationary  till  the  magnet  is  again  moved  or 
the  current  reversed,  when  a  new  rectangular 
position  is  assumed.  By  presenting  a  single  ei 
magnetic  pole  to  the  wire  in  different  positions  it 
becomes  evident  from  the  directions  of  the  attrac- 
tions and  repulsions  that  the  real  tendency  is 
to  rotate  in  a  certain  definite  direction  round  the 
magnet,  and  that,  if  perfect  freedom  of  motion 
were  allowed,  this  result  would  be  produced 
Practically  this  is  easy  of  actual  accomplishment 
by  means  of  even  a  current  from  a  comparatively 
small  battery,  by  an  arrangement  similar  to  that 
delineated  in  fig.  15.  The  current  is  made  to 
descend  from  the  cup 
p,  through  the  move- 
able wire  w,  which 
dips  into  the  circular 
basin  of  mercury  be- 
low, from  which  a 
wire  carries  it  to  the 
cup  at  Q,  into  which 
the  wire  from  the 
opposite  pole  of  the 
battery  is  made  to 
dip.  A  magnet  is 
bent    to  the  form 

shown  in  the  figure,  and  has  one  of  its  poles 
introduced  through  the  bottom  of  the  basin  of, 
mercury,  while  the  other  is  placed  at  a  distance,, 
as  at  N,  so  as  to  remove  its  action  on  the  wire- 
If  the  connections  be  complete  and  the  current, 
sufliciently  powerful  the  wire  performs  continued. 
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volutions  round  the  pole  s,  in  the  same  way  as 

0  magnetic  pole  itself  did  in  the  former  experi 
:its  when  the  wire  was  fixed  and  the  magnet 

to  move.  Many  curious  varieties  of  these 
tro-magnetic  rotatory  apparatus  have  been 
different  times  invented,  one  of  the  simplest 
which  is  that  where  the  battery  itself  is  made 
revolve  by  the  influence  transmitted  from  a 
ngnetic  pole  placed  in  its  interior,  as  repre- 
nted,  and  round  which  it  is  free  to  turn.  The 
;ure  represents  a  section  of  such  an  arrange- 
ment of  about  half  the  work- 
ing size.  The  copper  portion 
of  the  bottom  pair  is  formed, 
on  the  principle  of  Hart's 
battery,  to  contain  the  acid, 
and  to  leave  a  free  space  in 
the  interior,  up  which  the 
magnet  is  passed,  upon  which 
the  copper  hangs  by  means 
of  a  pivot  attached  to  an 
arch  of  wire,  as  shown  at  c. 
The  zinc  is  also  formed  into 
a  cylinder,  and  is  suspended 
free  to  turn  in  the  acid  by 
means  of  a  pivot  resting  on 
the  wire  of  the  copper  and  in 
clean  metallic  contact  with 
it,  so  as  to  allow  of  the  pas- 
sage of  the  current.  It  is 
evident  that  the  current  in 
from  the  copper  to  the  zinc  ascends  in 
!  first  metal  and  descends  in  the  other,  so 
it  opposite  currents  equal  in  quantity  and 
ifTgy  are  flowing  parallel  to  the  magnetic 
So  they  ought  to  be  impelled  in  contrary 
KECtions,  which  is  really  produced,  and  forms 
oonce  one  of  the  most  strildug  and  at  the 
me  time  most  certain  (so  far  as  freedom  from 
wility  to  failure  is  concerned)  exhibitions  of 

1  actions  of  electro-magnetic  rotatory  forces, 
e  Earth  being  a  magnet,  it  might  be  con- 
jured from  what  has  gone  before,  that  a  mutual 

influence  must  be 
exerted  between  the 
earth  and  a  wire  car- 
rying a  current,  and 
that  this  is  the  case 
can  be  rendered  mani- 
fest by  means  of  the 
rectangularly  bent 
and  freely  moveable 
wire  used  for  examin- 
ing the  action  of  a 
common  magnet,  for 
no  sooner  is  the  cur- 
rent sent  through  that 
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tangle  than  it  turns  itself  as  if  a  magnet  had 
presented  to  it,  and  arranges  itself  at  rest 
•pendicular  to  the  direction  of  the  compass 
•die :  and  further  than  this,  Faraday  has  suc- 
ded  in  devising  an  arrangement  by  which  a  wire 
Dt  be  caused  when  carrying  an  energetic  electric 
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current  to  make  a  complete  and  continuous  revo- 
lution by  means  of  terrestrial  magnetism  alone. 
A  slender  copper  wire  is  fixed  to  a  hook  and 
rendered  buoyant  by  a  small  cork  ball  at  tlio 
lower  end,  which  dips  into  a  basin  of  mercury 
placed  in  connection  with  the  opposite  pole  of  the 
battery.  When  the  current  is  sufficiently  power- 
ful the  wire  performs  a  conical  revolution  round 
the  lines  of  magnetic  force,  which  are  in  our  lati- 
tude inclined  at  an  angle  of  70°.  At  the  equator, 
where  the  lines  of  force  are  horizontal,  this  expe- 
riment could  not  in  this  way  be  made.  This 
arrangement  is  shown  in  fig.  17. 

The  inductive  effects  of  the  electric  current  may 
be  next  noticed.  These  are  of  two  kinds — 1st,  the 
induction  of  other  electric  currents  in  conducting 
bodies,  that  is,  bodies  capable  of  conducting  elec- 
tricity, in  their  neighbourhood;  and  2d,  the  induc- 
tion of  magnetism  in  iron  and  other  bodies  capable 
of  taking  on  magnetic  polarity.  The  second,  viz., 
the  induction  of  magnetism  in  iron,  is  treated  of 
in  the  article  Electro-Magnet,  and  need  not  be 
here  further  alluded  to.  The  induction  of  electric 
currents  in  neighboming  conductors  is  well  illus- 
trated in  an  experiment  of  the  following  kind. 
Let  two  coils  of  insulated  copper  wire  (that  is 
copper  wire  covered  with  silk  or  cotton  thread 
to  prevent  metallic  contact  with  other  portions 
which  may  touch  any  particular  part)  be  taken, 
and  one  connected  with  a  galvanometer,  while 
the  other  has  one  of  its  ends,  as  at  n  in  the 
figure,  connected  -with  one  of  the  poles  of  a  bat- 
tery ;  and  is  placed  parallel  to  and  near  the  first 
coU,  but  not  in  metallic  contact  with  it.  The 
galvanometer  being  properly  arranged,  as  in 
fig.  18,  so  that  the  needle  when  at  rest  stands 
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parallel  to  the  wires  which  surround  it,  let  the 
other  end,  p,  of  the  coil  be  connected  with  the  re- 
mainmg  pole  of  the  battery,  it  will  be  seen  that 
on  the  instant  of  completing  the  circuit  in  the 
first  coil,  the  needles  of  the  galvanometer  arc 
moved,  indicating  a  current  in  the  second  coil, 
though  no  such  current  can  have  come  directly 
from  the  battery,  as  no  metallic  or  conducting 
channel  exists  between  them.  It  will  also  be 
noticed  that  after  oscillating  for  a  while  the  gal- 
vanometer needles  will  return  to  their  first  position, 
indicating  the  cessation  of  the  cun-ent  in  its  wire. 
Let  now  the  connection  with  the  battery  be 
broken,  and  it  will  be  found  that  the  needles  are 
again  moved  by  a  sudden  current  in  their  wire, 
which,  however,  like  the  first,  ceases  immediately. 
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If  the  connection  be  again  made  with  the  battery 
another  momentary  current  is  indicated  by  the 
galvanometer  and  so  on,  and  it  is  also  no'ticed 
that  the  current  which  occurs  for  a  moment  in 
the  second  when  the  primary  current  is  estab- 
lished in  the  first  coil,  is  in  a  direction  contrary 
to  the  course  of  the  current  in  that  coil,  and  that 
the  one  produced  on  breaking  the  cu-cuit  is  in 
the  same  direction  as  the  primary  current.  These 
are  called  momentary,  secondary,  or  inductive 
currents.    That  they  are  of  high  intensity,  nay, 
of  far  higher  intensity  than  the  primary  cun-ent 
from  the  battery,  can  be  easily  perceived  by  the 
influence  on  tlie  senses  on  applying  the  ends  of 
the  wires  of  the  two  coils  respectively  to  the 
tongue  or  to  the  moist  hands  merely  if  the  coUs 
be  long.    Again,  if  the  two  coUs  be  brought  near 
to  each  other  and  the  current  let  on  to  the  pri- 
mary, as  has  been  said,  the  induced  current  in 
the  secondary  wire  will  only  continue  for  a  mo- 
ment, and  after  a  few  oscillations  the  needle  will 
return  again  to  its  zero  point.    While  this  is  the 
case,  let  the  secondary  coil  be  rapidly  moved 
away  from  the  primary,  which  is  still  carrying 
the  battery  current,  and  instantly  the  needles  will 
move  indicating  that  the  motion  of  the  wire  in 
the  neighbourhood  of  the  current  has  served  to 
excite  a  current  in  the  secondarj'-,  which  ceases 
on  the  coil  being  allowed  to  rest  for  a  little  and  is 
again  roused  up  by  even  the  slightest  movement. 
It  is  more  energetic  the  more  active  the  move- 
ments, especially  of  approach  and  recession,  are 
of  the  two  coils  from  each  other,  a  contrary  ciu-- 
rent  being  produced  by  approach  to  that  developed 
by  recession, — If  a  third  coil  be  added  in  the  neigh- 
bourhood of  the  second,  connected  also  with  another 
galvanometer,  we  should  expect  to  have  two  cur- 
rents in  the  tertiary  every  time  that  the  current 
in  the  primary  is  made  or  broken;  for,  as  the  mak- 
ing of  the  current  in  the  primary  gives  rise  to  a  mo- 
mentary current  in  the  secondary,  which,  short 
in  duration  though  it  be,  must  have  both  a  begin- 
ning and  an  end ;  each  of  these  we  might  expect 
would  excite  a  current  in  the  tertiary  wire,  which 
two  currents  ought  to  be  in  contrary  direction 
and  the  one  closely  following  the  other ;  or  per- 
haps they  might  neutralize  each  other's  effects, 
and  no  current  might  take  place.    Neither  of 
these,  however,  occurs,  for  only  one  current  is 
observed  in  the  tertiary  wire  at  the  time  of  mak- 
ing or  breaking  the  current  in  the  primary,  and 
the  current  is  sufficiently  strong  to  show  that 
neutralization  by  means  of  equal  and  opposite 
currents  at  the  same  instant  by  no  means  occurs 
in  the  tertiary  wire.    To  account  for  this,  it  has 
been  conjectured  by  recent  experimenters  that  for 
some  reason  the  current  in  one  direction  is  much 
stronger  than  that  in  the  contrary  du-ection,  and 
it  is  the  effect  of  it  alone  that  is  observed. — 
Recently,  series  of  five  or  six  coils  have  been 
experimented  on,  so  as  to  discover  the  kind 
of  inductive  currents  they  give  rise  to  in  each 
other,  when  mutually  excited,  and  the  iuflucnco 
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of  the  primary  cuiTent  transmitted  along  from  on^ 
to  the  other.    Those  who  are  interested  in  such 
researches,  will  find  in  the  published  papers  of 
Dove,  Weber,  and  Abria,  the  information  they 
desire.    It  ought  to  be  understood  that  the  form 
of  a  coil  is  in  no  way  necessary  to  the  develop- 
ment of  electrical  currents  in  one  conductor, 
at  the  moment  when  another  conductor  in  the 
neighbourhood  has  a  current  sent  thi-ough  it. 
All  that  is  necessary,  is  only  that  the  two  con- 
ductors should  be  in  each  other's  vicinity,  and  if 
they  be  wires,  that  they  be  not  perpendicular  the 
one  to  the  other.  The  action  of  many  turns  of  a 
coil  only  multiplies  the  effect  which  would  result 
from  the  length  of  wke  of  one  turn.    As  to  the 
cause  of  these  secondary  currents,  the  most  pro- 
bable supposition  that  has  been  made  is,  that 
they  result  from  the  induction  arising  from  the 
wave  of  electric  tension  which  rushes  along  the 
wire,  when  the  battery  connection  is  first  estab- 
lished, acting  on  the  neutral  electricity  of  this 
conductor,  repelling  one  portion  and  attracting 
the  opposite  kind,  and  thus  disturbing  the  electric 
repose,  and  causing  a  momentary  rush  in  opposite 
directions  of  the  two  electiicities,  just  as  occurs 
in  a  body  excited  by  the  inductive  action  of 
another  excited  by  frictional  electricity,  where  a 
current  of  electricity  occurs  between  different 
parts  of  the  body  till  the  new  state  of  equilibrium 
is  attained,  when  repose  again  ensues,  untQ  the 
inductive  body  is  withdrawn,  giving  rise  to  the 
currents  due  to  the  return  of  matters  to  their 
original  state.    It  will  easily  be  supposed  that 
the  currents  induced  in  one  conductor  by  the 
presence  of  another  caiTying  a  current  will  be 
greater,  as  the  two  conductors  are  more  closely 
approximated.    Accordingly,  one  of  the  best  as 
well  as  most  convenient  modes  of  arrangement 
for  procuring  these  induced  currents,  is  to  coil 
the  first  wire  on  a  reel  or  bobbin  in  two  or 
three  layers,  and  then  over  these  wrap  on  the  secon- 
dary coil,  as  is  represented  in  the  annexed  cut 
As  has  been  said,  the 
secondary  currents  are 
much    more  energetic, 
though  very  short  in 
duration,  than  the  pri- 
mary current  from  the 
batterj',  and  for  some 
purposes,  where  continu- 
itj'  of  action  is  not  re- 
quired, and  only  great  intensity  is  chiefly  desir- 
able, <as  for  many  medical  purposes,  they  are  use- 
ful and  efficient,  and  exceedingly  easily  procured, 
compared  with  the  costly  and  ponderous  batteries 
which  would  be  requisite  to  produce  similar  cur- 
rents by  the  more  ordinary  voltaic  arrangements. 
To  construct  a  coil  capable  of  giving  currents 
powerful  enough  for  medical  purposes,  all  that  is 
required  is,  to  wind  on  a  wooden  bobbin  with 
a  hollow  axis  about  one  inch  in  diameter,  about 
thirty  yards  of  common  bell  copper  wire,  covered 
with  cotton  or  silk  thread,  leaving  its  terminations 
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!e  to  bo  connected  witli  the  battery.  Above 
is,  let  about  four  luiucU-ed  yards  of  line  copper 
re  about  30  of  an  inch  in  diameter,  also  in 
!;'ted,  be  wound  on  in  successive  coils,  leaving 
ends  free,  and  attacliing  to  them  pieces  of  tin, 
brass  tube,  to  act  as  conductors.-  If  now 
'.uall  battery,  or  even  a  single  voltaic  pair 
bur  or  five  inches  square,  be  connected  with 
ends  of  the  thick  wire,  and  the  human  hands 
istencd  with  water,  be  placed  on  the  conducting 
'3  of  the  small  wire,  a  shock  will  be  felt  each 
ue  that  the  connection  with  the  battery  is  made 
broken.    It  will  also  be  foimd  that  a  piece  of 
:  fc  iron  introduced  into  the  interior  of  the  coils, 
11  greatly  increase  the  intensity  of  the  shock, 
d  still  more  will  this  be  the  case,  if  a  faggot  of 
•n  wires  be  used  for  this  purpose.    In  order  to 
ike  and  break  the  connection  with  the  battery, 
as  to  give  a  rapidly  intermitting  cmTent  in  the 
mary  wire,  a  simple  automatic  apparatus  is 
n  esented  in  the  figure,    s  is  a  plate  of  soft 

iron  attached 
to  a  piece  of 
watch  spring, 
fastened  at  the 
opposite  end  to 
a  stud  rising 
from  the  bob- 
bin, and  hav- 
ing one  pole 
of  the  battery 
in  connection 
with  it.  On 
the  lower  sur- 
face of  the 
tch  spring  is  soldered  a  small  slip  of  platinum, 
ich  when  s  is  not  dragged  down  on  the  faggot 
wires  by  their  attraction,  rests  against  a 
tinurn  wire  at  o,  in  connection  with  one  end 
the  primary  coU.  The  other  end  of  the  pri- 
ry  coU  is  put  in  communication  with  the 
laining  pole  of  the  battery,  so  that  when  the 
63  of  the  battery  are  attached  to  n  and  p, 
current  passes  round  the  primary  coil,  and 
gnetizes  the  iron  wires,  which  instantly  drag 
vn  s,  separate  the  platinum  surfaces,  thus  in- 
inpting  the  primary  current  and  causing  a 
ict  current  in  the  secondary  wire,  the  reverse 
rent  having  been  induced  when  the  connection 
s  completed.  The  plate  s  being  no  longer 
racted,  is  lifted  by  the  spring  into  contact  with 
platinum  point,  and  again  establishes  the 
•rent,  causing  the  inverse  secondary  induction, 
I  also  magnetizing  the  faggot  of  wires,  which 
tantly  again  draws  down  s  and  interrupts  the 
mection,  giving  a  rapid  succession  of  momentary 
rents.  The  platinum  surfaces  are  necessary, 
order  to  maintain  unoxidated  points  of  contact, 
has  been  found,  that  tubes  of  different  non- 
gnetic  metals  introduced  into  the  interior  of 
I  bobbin,  altogether  intercept  the  effect  pro- 
:cd  by  the  iron  placed  in  tiicir  interior,  and 
er  considerable  difficulty,  this  curious  effect 


Fig.  20. 


297 


ELE 

has  been  traced  to  the  development  of  circular 
currents  in  the  substance  of  the  tube,  by  the 
inductive  action  which  is  the  subject  of  which 
we  are  now  treating,  and  that  these  currents  re- 
act injuriously  on  the  secondary  wire,  as  they 
are  in  the  opposite  direction  to  the  primary  cur- 
rent in  the  coil,  and  tend  to  neutralize  its  etFects 
on  the  secondary  wire.    That  this  is  the  true 
cause,  is  proved  by  dividing  the  tube  by  a  longi- 
tudinal slit  from  end  to  end,  which  totally  pre- 
vents its  screening  action.  The  superficial  cuiTcnts 
caused  in  the  same  way  on  a  rod  of  iron  intro- 
duced into  the  coil,  also  act  injuriously,  and 
accordingly  it  has  been  found  better  to  employ 
wires,  and  still  better  to  use  them  covered  with 
thread  to  prevent  mutual  communication.   As  to 
the  explanation  of  this  increase  of  the  secondary 
currents,  by  the  introduction  of  iron  into  the 
coils,  while  other  metals  have  no  such  effects, 
the  reader  is  refen-ed  to  a  further  stage  of  this 
article,  when  the  object  of  magneto-electricity 
is  treated  of.  This  circumstance  of  the  induction 
of  a  secondary  current  of  electricity  in  neigh- 
bourmg  bodies,  explains  the  fact  so  often  observed, 
that,  though  by  simply  joining  the  wires  of  a 
small  galvanic  pair,  no  spark  is  produced,  yet, 
if  a  coil  of  wire  be  made  part  of  the  current,  a 
vivid  spark  appears  on  makmg  and  breaking  the 
connections.    It  may  be  supposed  that  this  was 
owing  to  the  wire  acting  as  a  reservoir,  but  the 
observation,  that  the  same  increase  of  effect  does 
not  take  place  if  the  wire  is  merely  extended, 
and  that  the  form  of  a  closely  folded  coil  is 
necessary,  points  to  the  true  action  which  gives 
rise  to  the  momentary  movement  of  a  large  quan- 
tity of  electricity,  as  the  reaction  by  induction 
of  one  layer  of  the  coil  over  another,  according 
to  the  prmciples  just  laid  down.  A  piece  of  iron 
introduced  into  the  coil  of  wii-e  also  in  this  case, 
increases  the  intensity  of  the  light.    It  will  be 
remembered,  that  the  secondary  cm-rents  is  in  the 
reverse  direction  to  the  original  current  when  the 
cun-ent  is  made,  and  in  the  same  direction  as  the 
current  when  the  connection  is  broken,  so  that  in 
the  case  of  the  action  of  one  part  of  the  primary 
wire  acting  on  another  part,  we  would  expect 
that  the  induced  current  would  tend  to  oppose 
the  primary  on  making  the  connection,  and  would 
assist  or  enforce  it,  by  moving  in  the  same  direc- 
tion when  contact  with  the'  battery  is  broken, 
and  this  is  found  to  be  the  case,  for  it  is  with  the 
latter  operation  that  the  most  vivid  spark  is 
seen.    It  is  observed  in  the  construction  of  coU 
machines  for  medical  purposes,  that  the  character 
of  the  shock  is  influenced  by  the  thickness  of  the 
wire  used  as  the  secondary  coil.    M.  Ruhmkorff 
of  Paris,  by  using  a  condenser  composed  of  oil-silk 
coated  on  each  side  with  tin  foil,  has  constructed 
induction  coils  of  very  great  power. 

One  of  the  most  remarkable  discoveries  of 
modern  times,  is  that  due  to  Faraday,  of  what 
is  called  maxjnelo-ekclric  induction  It  can  bo 
most  easily  observed,  by  connecting  the  two 
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ends  of  a  coil  of  insulated  copper  wire  -with 
a  galvanometer,  placed  at  a  distance  of  a  yard 
or  two,  and  introducing  suddenly  into  the  interior 
of  the  coil  the  end  of  a  magnetic  bar;  a  current 
yyUl  instantly  be  indicated  in  the  wire,  which, 
however,  -will  immediately  cease  if  the  magnet 
be  allowed  to  rest  in  the  coil,  the  galvanometer 
needle  returning  to  zero.    If  then  the  magnet  be 
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withdrawn  from  the  coil,  another  momentary' 
current  in  a  reverse  direction  will  be  exhibited 
by  the  galvanometer.  The  intensity  of  these 
induced  currents  varies  as  the  strength  of  the 
magnets,  the  length  of  the  coil,  and  the  ra- 
pidit}-^  with  which  the  magnet  is  moved.  It  is 
easy  to  get  currents  intense  enough  to  be  felt 
as  a  severe  shock  through  the  human  body. 
These  currents,  which  are  the  effect  of  the 
reaction  of  the  magnet  on  the  wire,  (as  magnet- 
ism is  produced  by  an  electric  cuiTcnt,  so  here 
a  magnet  produces  electricity,)  are  most  easily 
explained  on  the  theory  of  Ampere,  that  a  magnet 
consists  of  an  arrangement  of  electric  currents, 
making  this  case  only  a  variety  of  the  last  con- 
sidered, viz.: — the  induction  of  one  electric 
cuiTent  by  the  sudden  presence  or  removal  of 
another  in  the  neighbourhood  of  a  conductor. 
Instead  of  producing  magnetism  in  the  interior 
of  the  coil  of  wire,  by  introducing  suddenly 
a  magnet,  the  same  thing  might  be  produced  by 
temporarily  magnetizing  a  bar  of  soft  iron  round 
which  the  coil  had  been  wound,  by  bringing 
in  contact  with  its  end  the  pole  of  a  magnet,  and 
then  withdrawing  it.  If  the  steel  magnet  be  of 
the  form  of  a  horse-shoe,  then  the  iron  bar  may 
be  bent  into  a  similar  fonn,  and  have  the  wire 
wound  in  two  coils  for  facility  of  arrangement, 
as  represented  in  the  annexed  figure.  If  instead 

of  removing  the 
magnet,  it  be 
suddenly  twist- 
ed half  round 
on  its  axis 
A  B,  the  induced 
magnetism  in 
the  iron  will 
cease,  and  a  ciu-- 
rent  be  produced  in  the  coil.  If  the  revolution 
be  further  continued  till  the  plane  of  the  two 
metals  coincide,  the  polarity  of  the  iron  will  be 
ngain  produced,  but  in  an  opposite  direction, 
Riving  rise  to  a  contrary  cun-ent  and  60_  on. 
In  order  that  these  currents  be  produced,  it  is 
necessary  that  the  ends  of  the  coil  of  wire  should 
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be  joined  by  some  good  conductor,  or  form  what 
is  called  a  closed  circuit.  This  is  done  by  the 
galvanometer  wire,  in  the  case  of  experimenta 
made  with  it  to  detect  the  currents.  If,  however 
we  wish  to  see  the  spark  which  they  are  capable 
of  producmg,  the  complete  metallic  circuit  of  the 
wire  must  be  broken,  and  it  is  of  importance  that 
this  should  be  done  at  the  moment  when  the 
iron  is  being  magnetized  or  unmagnetized,  as  it  is 
then  that  the  current  exists.  Many  arrangementa 
have  been  devised  for  rapidly  whirling  the  iron 
with  its  coils  in  front  of  the  magnet,  and  for  break- 
mg  the  continuity  of  the  wire  of  the  coil,  at  the 
proper  parts  of  the  revolution,  that  is  when  the 
iron  within  the  coil  is  being  magnetized,  or  un- 
magnetized.   Fig.  23,  represents  one  of  the  most 
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useful  of  these  magneto-electric  machines,  as  they 
are  called,  m  is  a  powerful  magnetic  batter}',  con- 
sisting of  three  or  four  strong  horse-shoe  magnets, 
fastened  to  the  upright  board  x,  by  a  clamp  which 
allows  of  adjustment  that  they  may  be  larought 
more  or  less  forward  so  as  to  be  apphed  closely,  but 
Avithout  contact,  to  the  ends  of  the  short  soft  iron 
bars  enclosed  in  the  coils  a  and  b.  These  coils 
consist  of  copper  wire  covered  with  silk  thread, 
and  wound  on  the  soft  iron  cores,  which  again 
are  united  so  as  to  form  a  kind  of  horse-shoe,  by 
means  of  the  iron  bar  seen  stretching  from  a  to  B. 
Through  this  bar  there  passes  the  axle  which  i 
carries  the  coils  and  breaks,  and  is  diiven  by  the 
multiplying  wheel  at  a  high  velocity.  Near  lie 
point  of  the  axle  is  fixed  the  break  p,  which 
is  composed  generallj'  of  brass,  and  has  one  of 
the  ends  of  the  coil  in  connection  with  it,  while  , 
at  the  same  time  it  is  pressed  on  by  the  bent  : 
wire  from  the  metallic  pillar  l.  The  pillar  L  t 
is  in  coiuiection  with  the  metal  of  the  support  M*,  i 
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mi  which  the  ■wire  N  rises,  and  rests  against  the 
TJC  R.  This  ring  is  separated  from  the  axis  by 
insulating  piece  of  ivory  or  dry  wood,  and  has 
.  other  end  of  the  coil  soldered  to  it,  so  that 
c  end  of  the  coil  being  in  communication  with 
e  axis,  carrying  the  break  and  the  other  end 
th  this  ring  R,  the  current  will  be  complete 
rough  the  wire  n  and  p  and  w,  between  the 

0  ends  of  the  coil,  when  the  wire  w  is  in 
ntact  with  the  break.  From  what  has  pre 
led,  it  will  be  understood  that,  during  one 
iiplete  revolution  of  the  axis,  the  cores  of  the 
Is  being  twice  magnetized  and  twice  demagnet 
J,  there  will  be  four  momentarj'  currents 
cited  in  the  coils,  and  that  two  of  these  will  be 
one  direction,  and  two  in  the  opposite.  The 
uk  is  most  clearly  seen,  if  the  brealc  be  so 
anged,  that  the  current  is  broken  when  the 
e  joining  the  centre  of  the  two  coils  is  vertical, 
r  chemical  decomposition;  it  would  be  im- 
tant,  that  only  currents  in  one  direction  should 
employed.    This  will  be  accomplished  by 

owiDg  the  current  to  be  closed  during  one-half 
■  revolution,  thus  contining  the  current  to  the 
h  themselves,  and  not  permitting  them  to 
s  to  the  point  of  operation;  but  the  question 
-63,  during  which  half  of  the  revolution  the 
oe  durection  of  the  current  will  be  maintamed. 
w  it  is  evident  that  as  demagnetizing  and 
gnetizmg  by  an  opposite  pole,  both  give  a 
erse  current,  they  -will  agree  in  direction  among 
mselves,  so  that  as  either  coil  passes  from  one 
e  of  the  magnet  towards  the  other,  the  currents 
y  be  used  by  breaking  the  connection,  and 
5wmg  them  to  pass  to  effect  chemical  action; 
:  that  the  current  must  be  closed  while  the 

1  passes  again  from  that  pole  and  towards  the 
■d,  the  current  being  then  completed  in  the  wire, 
ough  the  break.  It  is  found,  that  coils  formed 
thick  wire,  give  bright  sparks  and  currents 
>able  of  producing  heat  and  magnetism, 
ile  very  great  lengths  of  exceedmgly  thin 
■e  produce  much  greater  chemical  power  and 
more  energetic  shocks  when  the  human  hands 
applied  to  conductors  in  communication  with 
ends  of  the  coil.  The  first  are  called  quantity, 

1  the  second  intensity  armatures.  For  the 
•pose  of  communicating  the  shock  or  applying 
se  currents  medically,  the  brass  conductors 
ind  T,  are  used  and  applied,  as  in  the  case 
he  galvanic  current  from  an  ordinary  batterv, 
lie  the  coUs  are  driven  round.  The  wires 
ached  to  these  conductors  pass  the  one  to  pillar 
while  the  other  has  its  end  pushed  into  a  hole 
the  end  of  the  axis.  The  strength  of  the 
rent  increases  as  the  rapidity  of  revolution 
reasea,  agreeing  with  what  was  said,  as  to  the 
se  of  these  currents  being  the  induction  pro- 
'  fl  by  the  sudden  presence  of  the  magnetic 
or  according  to  Ampere,  the  electric  currents 
-Hat  pole.  This  magneto-electric  machine  is 
ecdingly  useful  in  the  medical  application  of 
electric  current.    It  can  be  regulated  in  in- 
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tensity  with  the  greatest  nicety,  by  applying 
a  piece  of  iron  across,  between  the  limbs  of 
the  magnet,  and  sliding  it  more  or  less  near  the 
poles.  It  is  always  ready,  night  or  day,  and 
does  not  need  the  same  amount  of  preparation 
as  a  battery,  or  even  the  ordinary  coil  machine, 
where,  at  least,  a  single  voltaic  pair  is  required. 
It  has  been  most  useful  as  a  means  of  resuscita- 
tion in  drowning,  in  threatened  death  from  chloro- 
form, and  in  many  other  similar  cases.  It  has 
been  proposed  as  a  means  of  corporal  punishment 
in  the  army,  communicating  pain  without  mutila- 
tion. It  has  been,  and  is  still,  used  on  a  large 
scale  in  electro-metallurgy.  It  is  in  constant 
use  as  a  substitute  for  batteries  in  the  Magnetic 
Telegraph,  and  may  be  regarded  as  one  of  the 
most  remarkable  of  human  inventions. 

As  important  both  for  then:  theoretical  and 
practical  bearings,  it  may  be  proper  here  to  refer 
to  the  phenomena  depending  on  magneto-electric 
induction,  brought  to  light  by  the  researches  of 
Arago,  Babbage,  and  Herschel.    If  a  disc  of  any 
metal  be  placed  over  a  freely  moveable  magnet, 
as  in  fig.  24,  and  set  into  circular  motion,  the 
needle  will  gradually  begin  to 
follow  the  motion  of  the  disc, 
and  if  the  rapidity  be  suffi- 
ciently increased  and  the  plate 
be  placed  near  enough,  will 
ultimately  revolve  with  greater 
and  greater  rapidity.  That  this 
effect  is  not  due  to  the  currents 
of  air  Arago  proved  by  inter- 
posing a  plate  of  paper  or  glass, 
and  he  conjectured  that  rotation 
was  a  source  of  magnetism  or, 
at  least,  of  electrical  currents. 
Herschel  and  Babbage  showed 
that  if  a  number  of  slits  or  cuts  in  a  radial  direc- 
tion are  made  in  the  disc  of  metal,  the  revolving 
motion  is  greatly  enfeebled,  and  that  different 
metals  revolve  with  energy  proportional  to  their 
conducting  power.   Faraday  ultimately  succeeded 
in  proving  that  these  phenomena  were  whoUy  due 
to  the  currents  induced  in  a  moving  conductor  by 
the  presence  of  a  magnet,  in  the  way  explained 
in  the  preceding  paragraphs.    As  may  be  at  once 
inferred  from  such  experiments,  caution  must  be 
exercised  in  drawing  conclusions  as  to  the  direct 
magnetic  or  non-magnetic  properties  of  bodies 
from  their  movements  in  the  neighbourhood  of 
magnets.     The  mode  of  oscillations  must  be 
used  with  suspicion  only.    There  can  be  no 
doubt  that  metallic  pendulums  must  be  affected 
in  the  rapidity  of  their  oscillations  to  some  extent 
by  the  influences  of  terrestrial  magnetism  in  the 
way  here  referred  to.    A  copper  ball  suspended 
between  the  poles  of  a  powerful  electro-magnet 
can  be  easily  made  to  turn  itself  rapidly  round 
by  magnetizing  and  unmagnetizing  the  iron,  and 
it  ought  to  be  recollected  that  these  motions  may 
in  many  cases  mask  or  modify  the  appearances 
presented  in  researches  on  the  properties  of  the 
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magnetic  field  and  on  diamagnctism  As  a  prac- 
tical example  of  the  manner  in  which  Arago'a 
discovery  has  been  turned  to  account,  the  mode 
of  reducing  the  oscillations  and  thus  steadying 
the  needles  of  the  mariner's  compass  may  be  re- 
ferred to.  A  ring  of  copper  or  other  good  con- 
ducting non-magnetic  metal  is  placed  round  the 
compass  box  and  as  close  to  the  needle  as  prac- 
ticable consistent  with  free  motion.  The  effect  of 
this  is  that  the  oscillations  are  greatly  reduced 
and  the  uncertainty  in  steering  on  an  agitated 
sea  considerably  diminished.  Tlie  theory  of  this 
action  can  be  at  once  understood  from  what  has 
already  been  mentioned  :  the  needle  tends  to  drag 
round  the  copper  ring  after  it  in  its  excursions,  and 
as  action  and  reaction  are  equal  and  opposite,  the 
needle  itself  is  acted  on  hj  a  corresponding  force 
dragging  it  back,  so  that  rest,  after  any  disturb- 
ance is  much  more  rapidly  produced  than  if  no 
such  action  existed.  Copper  is  used  as  the  ring 
on  account  of  its  high  conducting  qualities,  at  the 
same  time  that  it  can  be  got  pure  and  free  from 
mixture  with  iron  or  other  magnetic  material 
which  would  act  injuriously  on  the  compass  needle 
by  producing  contending  polarities  in  its  neigh- 
bourhood and  interfere  with  the  directive  force  of 
the  earth  in  the  manner  known  as  local  attraction. 

We  shall  now  give  some  account  of  the  dif- 
ferent suppositions  that  have  been  made  as  to 
the  nature  of  the  mutual  influence  which  is  ex- 
erted between  an  electric  current  and  a  magnet. 
Any  general  theory  must  account  for  such  phe- 
nomena as  the  attraction  of  iron  filings  by  a  wire 
carrying  a  current,  the  magnetic  properties  of 
coiled  currents,  the  directive  power  of  a  current 
on  a  magnet  or  a  magnet  on  a  current,  and  the 
continued  rotation  of  a  magnetic  pole  round  a 
current  and  vice  versa.  The  most  obvious  and 
the  earliest  supposition  was,  that,  by  the  conflict 
of  the  two  electricities  within  the  wire,  magnetic 
properties  were  acqidred  with  the  polar  directions 
at  right  angles  to  the  cm-rent,  so  that  a  section  of 
the  wire  carrying  a  current  might  be  assimilated 
to  a  series  of  small  magnets  laid  round  in  a  circle 
as  in  the  annexed  figure.  A  magnetic  needle  in 
the  neighbourhood  of  this 

y\  V  series  would,  from  the  known 

/V''  Vi?T  B  laws  of  magnetic  action,  be 
caused  to  place  itself  parallel 
and  with  opposite  polar  ar- 
rangement to  the  nearest 
magnet.  To  this  it  may  be 
objected  that  the  whole  would 
be  analogous  to  a  closed  mag- 
netic circle  or  to  a  magnetized  ring  which 
would  have  no  action  on  external  magnets, 
and  besides  this  objection  no  explanation  is  af- 
forded by  this  hypothesis  of  the  rotation  of  a 
magnetic  polo  round  the  wire.  To  remedy  this 
Wollaston  and  others  adopted  the  supposition 
that  by  the  passage  of  the  electricities  in  the  wire, 
the  two  magnetic  fluids  that  accompanied  them 
were  put  into  a  spiral  or  vortigenoua  motion  in 
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opposite  directions,  and  that  they  thus  tended  trj 
draw  along  with  them  the  magnetic  poles.  Thus 
the  real  force  exerted  on  the  magnet  by  the  wire 
was  in  a  circular  direction  round  the  course  of 
the  current  or  always  in  the  dhection  of  a  tangent 
to  the  circle  described  round  the  wire,  hence  it 
was  called  a  tangential  force.  The  magnetic 
pole  was  thus  driven  round  in  the  same  way  as  a 
ball  would  be  impelled  by  a  revolving  wheel  if  it 
were  placed  between  its  spokes.  To  account  for 
these  attractions  and  repulsions  exerted  between 
two  currents  it  was  supposed  that  magnetic  fluids 
of  the  same  name  attracted  each  other  if  they 
moved  in  opposite  directions,  but  repelled  if  they 
moved  in  the  same  direction,  and  thus  by  a 
highly  artificial  and  cumbrous  series  of  gratuitous, 
suppositions  most  of  the  phenomena  of  electro- 
magnetism  could  be  accounted  for.  It  may  be 
remarked,  however,  that  there  is  no  other  instance 
among  physical  forces  of  the  existence  of  a  tan- 
gential force  as  the  primitive  influence  exerted 
between  two  bodies,  there  being  in  all  other  cases 
an  attraction  or  repulsion  only  along  the  straight 
line  which  joins  the  acting  points.  It  is  to  the 
illustrious  Frenchman,  Ampere,  that  science  is 
indebted  for  a  theory  at  once  simple  and  com- 
prehensive, which,  whUe  it  has  served  to  render 
all  the  phenomena  of  electro-magnetism  subject 
to  rigid  calculation,  and  is  therefore  in  this  respect 
far  preferable  to  any  of  the  others,  yet  demands 
no  hypothesis  so  repugnant  to  the  pre\dously  as- 
certained mechanical  principles  as  those  neces- 
sarily implied  in  the  others.  Ampere's  theory, 
which  has  gained  for  its  author  the  title  of  the 
Newton  of  electricity,  now  plays  so  important  a 
part  in  physical  science  that  it  cannot  here  be 
passed  over  without  an  attempt  to  expound  its 
nature  and  some  of  its  consequences.  Ampere 
discovered  by  experiment  that  electric  currents 
attract  and  repel  each  other,  and  he  makes  this 
the  foundation  of  his  theorj-,  assummg  that  round 
the  constituent  molecules  of  magnets  there  are 
perpetually  chculating  electric  currents,  and  that 
the  attractions  and  repulsions  exerted  between 
magnets  and  electric  currents  are  due  alone  to  the 
mutual  actions  between  the  currents,  thus  setting 
aside,  in  toto,  the  ordinary  h\-potheses  of  magnetic 
fluids  and  all  tangential  and  transverse  magnetic 
forces.  He  thus,  successfully,  by  calculation  and 
experiment,  referred  the  whole  class  of  electro- 
magnetic rotations,  magnetic  properties  of  coils, 
the  inductive  actions  of  magnets  on  neighboiuing 
conductors,  and  even  the  magnetic  properties  of 
the  earth  itself,  to  one  sole  hypothesis  and  a  fact 
well  ascertained  by  experiment :  the  hypotliesis 
being  that  a  magnet  consists  of  a  series  of  yierpet- 
ually  circulating  electric  currents,  and  the  fact, 
that  electric  currents  attract  or  repel  each  other. 
The  first  pomt  necessarj'  for  the  establishment  of 
this  theory  was  to  ascertain  the  laws  of  the  force 
by  which  one  electric  current  acts  on  another ;  or, 
in  other  words,  to  ascertain  the  form  and  the 
value  of  the  constants  in  the  expressions  which 
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iresent  the  force  -with  which  under  all  circum- 
nces  of  length,  distance,  intensity,  shape,  and 
-ition,  any  one  current  acts  on  another.  In 
ler  to  this  it  can  readily  bo  ascertained  by 
ins  of  a  wire  carrying  a  cnrrent  and  rendered 
^-able  in  any  manner,  as,  for  instance,  in  the 
shown  in  the  figure,  that  if  another  current 
lought  parallel  to  it  they  will  repel  each  other 
if  they  be  moving  in  the 
same  direction,  but  at- 
tract if  they  move  in  tlie 
opposite  du-ections ;  and, 
moreover,  that  the  at- 
traction and  repulsion  is 
less  as  the  angle  contained 
between  the  positions  of 
the  wires  increases  till 
when  they  are  at  right 
angles  it  ceases,  as  is 
evident  from  the  fact  that 
it  must  change  from  at- 
ction  to  repulsion  or  vice  versa,  so  that  in 
i  position  the  function  which  represents  the 
tual  action  must  be  zero.    It  may  also  be 
luned  that  the  action  of  each  cun-ent  is  pro- 
tional  to  its  intensity,  and  consequently  when 
se  two  act  on  each  other  the  mutual  in- 
nce  will  be  proportional  to  the  product  of 
=e  intensities.    It  is  evident  that  the  force 
1  vary  with  the  distance  betiveen  the  acting 
;its  of  the  currents,  and  therefore  it  will 
impossible  to  obtain  a  general  expression  for 
i  mutual  influence  for  any  but  small  portions 
•urrents,  so  small  that  their  length  may  be  re- 
ded as  evanescent  compared  with  their  mutual 
ance.    It  is  impossible  to  experiment  with 
ts  of  currents  answering  these  conditions  and 
he  same  time  excluding  the  action  of  the  re- 
inder  of  the  currents ;  but  it  may  be  assumed 
t  the  action  of  elements  or  currents  so  smaU 
t  the  distance  of  all  their  parts  may  be  reck- 
d  constant  and  designated  by  d,  varies  in- 
=ely  as  cZ " .    This  is  more  particularly  probable 
e,  if  it  be  the  case,  we  know  from  the  inves- 
itions  of  Laplace  and  Biot  that  if  each  element 
m  indefinite  rectilineal  current  act  on  a  point 
its  neighbourhood  with  a  force  varying  in- 
cly  as  the  square  of  the  distance,  then  the 
jle  line  will  act  with  a  force  varying  inversely 
the  simple  distance  merely,  and  experiments 
h  currents  can  be  made  in  circumstances 
ilar  to  this,  and  the  results  confirm  the 
[losition.    Also,  the  same  law  of  force  is 
ly  deduced  from  the  fact  demonstrated  by 
irriment  that  the  intensities  being  equal,  if 
length  and  number  of  the  currents  be  pro- 
tional  to  the  distance,  the  effect  of  any  series 
1  be  the  same  on  an  element,  or  small  portion 
a  current :  for  instance,  in  fig.  27,  c  will  be 
much  affected  by  the  single  short  current  at 
ns  by  the  two  doubly  long  currents  at  n,  or 
four  currents  each  four  times  as  long  at  s,  a 
tance  four  tunes  as  great  as  the  single  current 
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at  P,  the  unity  of  distance,  and  it  is  easy  to 
show  that  according  to  no  other  law  than  the 
inverse  square  would  this  follow. 
For,  representing  by  n  the  imde- 
termined  power  of  the  distance  ac- 
cording to  which  the  force  in  each 
element  acts,  then  we  should  have 
the  force  at  any  distance,  d  repre- 
sented Dy  an  expression  propor- 
tional to  d*,  because  the  length  of 
each  current  increases  as  d,  and 
the  number  of  currents  also  in- 
crease as  d,  so,  for  these  two 
reasons  we  should  have  ri*  aS 
the  law  of  the  variation  of  the 
inherent  strength  of  the  force  in  such  an  ar- 
rangement as  that  in  the  figure,  but,  by  sup- 
position, its  action  on  m  is  to  be  proportional  to 
1  d^ 
so  its  total  action  will  be  represented  hy~^ 

and  this  at  the  unity  of  distance  becomes 
merely  unity.    But  by  experiment,  this  is  tbe 

d^ 

same  at  all  distances,  so  we  have-j-  =1  oi 

=z  d"  or  TO  =  2,  proving  that  the  inverse 
square  is  the  true  law,  according  to  which  the 
action  of  the  force  varies  with  the  distance  in 
the  case  of  elementary  portions  of  currents  acting 
on  each  other.  This  reasoning  may  appear  to 
be  vitiated  by  being  founded  on  the  case  of  cur- 
rents of  finite  length,  but  the  reader  will  easily 
perceive  that  this  is  not  the  fact,  as  integi'ation 
would  give  the  same  result.  In  attempting  to 
construct  an  expression  which  shall  embody 
what  has  preceded  into  a  general  formula  for 
calculation,  difficulty  was  experienced,  from  the 
circumstance  that  the  influence  which  extends 
between  the  elements  of  two  electrical  currents, 
varies  not  only  with  their  distance  and  mutual 
position,  but  also  with  the  relative  directions  of 
the  electrical  currents  with  reference  to  the  line 
joining  their  centres.  The  simplest  case  of  this 
kind  is  where  the  cur- 
rents are  parallel  to 
each  other,  and  per- 
pendicular to  the  line 
joiaing  then-  centres, 
as  in  fig.  28,  in  which  Fig.  28. 

case  they  attract  or 

repel  each  other  with  the  maximum  force.  In 
the  case,  however,  that  either  or  both  the  cur- 
rents should  he  oblique  to  the  line  joinhig  their 
centres,  as  seen  in  the  position  of  b'  in  fig.  29, 
we  know  that  the  maxi- 
mum  force  of  a'  is  exerted 
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on  B'  along  the  line  join- 
ing their  centres,  but  ex- 
periment proves  that  the 
maximum  force  of  b'  is 
not  exerted  along  this  line,  but  along  a  line 
perpendicular  to  itself,  as  along  sp,  and  we 
wish  to  know  how  much  of  that  force  is  really 
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exerted  along  oblique  lines  joining  the  centres 
of  the  two  elements.    To  this  Ampere  was 
assisted  by  the  results  of  experiments  which 
prove  that  a  twisted  or  sinuous  current,  of  any 
form,  exercises  the  same  action  on  another  cur- 
rent, as  a  straight  current  terminated  at  the 
same  points  wovdd  do.    In  the 
figure,  the  effect  of  the  current 
passing  along  the  straight  and 
twisted  wire  would  be  null,  and 
thus  it  was  easy  to  see  that  the 
inclined  elements  might  be  replaced 
by  two  component  currents,  one 
in  the  direction  of  the  line  joining 
the  centres  of  the  two  elements, 
and  which,  experiment  proves,  has 
no  effect  on  that  element,  and  an- 
other perpendicular  to  it,  which  has  the  full  effect 
due  to  its  shortened  length.     Thus,  the  single 
straight  current  c  b",  fig.  31,  is  replaced  by  the 
two  currents  o  d  and  d  b",  which,  expenment 
0         proves,  would  produce  exactly  the  same 
effect,  while  it,  at  the  same  time,  proves 
that  D  B"  alone  would  exercise  no  effect 
>      on  a  current  in  the  direction  of  its  own 
°"   length,  or,  at  least,  none  of  which  we 
Fig.  31.  need  at  present  take  account,  and  so  it 
may  be  neglected,  and  the  full  effect 
deduced  from  cd.    But,  as  the  effects  of  cd 
and  c  B"  will  be  to  each  other  as  their  lengths, 
and  these  are  as  the  Unes  c  d  and 
c  B";  and  c  D  =  c  b"  sin.  d b"  c 
that  is,  the  force  in  the  dhection 
of  the  line  joining  the  centres  is 
equal  to  the  whole  force  of  the 
element  multiplied  by  the  sme  of 
the  angle  which  its  direction  malses 
with  that  line.  The  same  result  must  follow  if  the 
other  elements  be  also  oblique  to  this  line.— If 
e  denote  the  length  of  the  one  element,  and  i  its 
intensity,  e'  and  i'  representmg  the  same  for  the 
other  element,  whUe  d  represents  the  distance  of 
their  centres  and  ^,  6'  the  angles  which  these 
directions  respectively  make  with  the  Ime  join 
ing  their  centres,  then,  because  the  mutual  action 
of  two  forces  is  equal  to  the  product  of  each 
separate  action,  we  should  have,  by  what  has 
preceded  .  ,  ^ 

y-_  « ^  sin.  6  e'  i'  sin.  ff 
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that  parallel  to  the  plane  of  the  other  element, 
may  be  got  in  the  way  wliich  may  be  under- 
stood from  fig.  33,  where  pqrs  represents  a 
plane  passing  through  one  of  the  elements  and 
through  the  line  which 
joins  tlie  centres  of  the 
two,  and  tuvw  is  a 
plane  passing  through 
the  other  element  and 
the  line  which  joins 
them ;  then  a  l  exhibits 
the  one  element,  and 
B  c  the  one  in  the  other 
plane.    If  cd  be  pro 


Fig.  33. 


jected  on  the  plane  pqrs,  b  d  may  represent 
this  projection,  and  if  <p  denote  the  angle  contained 
between  these  two  planes,  then  b  c  cos.  <p  -will  be  its 
component  in  the  other  plane,  which  would  then, 
were  it  not  perpendicular  to  the  line  joining  the 
centre,  be  affected  by  the  sine  of  the  angle  which 
it  makes  with  it  as  has  already  been  indicated; 
so  we  arrive  at  the  general  form  for  all  possible 
positions  of  the  two  elements  whether  in  the  same 
plane  or  not 

;  i'  e  e'  sin.    sin.  ^  cos.  ^ 


Fig.  32. 


or 
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e  e'  i  i'  sin.  ^  sin. 


Lilt  this,  be  it  observed,  only  applies  to  the  case 
of  the  two  elements  of  currents  being  ni  the  same 
plane,  and  in  order  to  render  it  applicable  to 
every  position,  we  must  decompose  one  of  he 
forces  into  two  components,  one  of  them  para  Icl 
to  the  plane  of  the  other  element,  and  another 
perpendicular  to  that  plane,  whicli  last,  as  it 
exercises  in  general  little  effect,  may  till  after- 
wards be  neglected.    The  first  component,  viz 


It  is  evident  by  inspection  of  this  expression, 
that  the  force  vanishes  where  ^  or  tf'  disappear, 
that  is,  when  either  of  the  elements  becomes 
parallel  to  the  line  joming  their  centres,  and 
this,  whatever  may  be  the  dhection  of  the  other 
element.    Now,  experunent  proves  that  this  is 
not  the  fact  except  in  the  single  case  when  the 
other  element  is  at  right  angles  to  the  line  join- 
ing the  centres,  or  in  other  words,  when  the  two 
elements  are  at  right  angles,  and  -at  the_  same 
time  the  length  of  one  of  the  elements  is  dheclly 
pointed  at  the  centre  of  the  other.    It  is  easily 
proved  by  experiment  that  the  parts  of  two 
currents,  or  two  parts  of  the  same  current  repd 
each  other  if  they  are  in  the  same  straight  line: 
as,  for  mstance,  in  fig.  34,  where  the  two  ele- 
ments are  in  the  position 
A  and  B".  Also,  it  appears 
that  this  repulsion  does 
not  in  any  degree  exist, 
or  at  least,  that  it  is  at 
its  mmimum  when  the 
two  elements  are  parallel, 
as  at  A  and  b.    No  indi- 
cation of  this  is  found  in 
the  expression  for  the  force,  _ 
which  must,  therefore,  be  ' 
imperfect.    An  additional 
term  will  remedy  this  if  it 
be  so  constructed  that  it 
shall  vanish  when  eitlicr  of  the  two  currents  a« 
perpendicular  to  the  line  joining  their  centres,  a>0 
that  it  shall  be  a  maximum  when  they  both  coin- 
cide witli  tliat  line.  Now,  the  cosines  of  the  angle 
^  and     have  these  qualities,  and  it  is  V'^f'f^^ 
that  this  term  ouglit  to  bo  some  function  of  tnese 


Fig.  34 
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sines.  For  the  purpose  of  ascertaining  the 
io  form  and  constants  of  this  term,  Ampere 
opted  the  product  of  those  cosines  affected  with 
undetermined  coefficient,  which  we  may 
note  by  m,  and  afterwards  calculated,  by  inte- 
ating  the  expression,  the  rotatory  action  exerted 
;  a  closed  current  on  an  element  of  another 
cular  conductor,  and,  as  experiment  proves 
wt  action  to  be  null,  he  equated  this  result  to 
ro,  and  thus  gets 

2-f27»  — 1=0 

TO  =  — J. 

'  substituting  this  value  for  m,  we  get  as  the 
nplete  expression  of  the  attraction  between 
0  elements  of  electric  currents  in  any  direo 
n,  and  of  any  intensity — 

i  i'  e  e' 

==         (sin.  i,  sin.  6',  cos.  (p  —  |  cos.  6,  cos. 

hen  calculation  is  to  be  made  of  the  attraction 
finite  lengths  of  cun-ent,  integration  must  be 
nrted  to,  in  which  case,  if  I  and  I'  be  the 
i-gths  of  currents,  d  I  and  d  I'  would  be  sub- 
:uted  for  e  and  e' — A  multitude  of  results  have 
in  deduced  fi-om  this  expression  by  Ampere 
jary,  and  more  recently  by  Plana.    We  can 
;  briefly  point  out  some  of  its  consequences, 
nnust  be  observed,  that  in  order  that  the  ex- 
■ssion  may  include  the  property  of  electric 
-jents  attracting  each  other  when  in  the  same 
•Jction,  and  repelling  when  in  opposite,  it  is 
■essary  to  adopt  a  corresponding  convention 
:h  reference  to  the  angles  ^  and  6',  in  order 
:  t  inthe  proper  circumstances  these  sines  may 
I  negative  or  positive,  so  as  that  the  expression 
V  y  indicate  attraction  when  positive,  or  repul- 
t:  1  when  negative.    This  mil  be  accomplished 
i:i:he  angle  6  be  always  measured  between  the 
"  t  of  the  current  produced  in  its  own  dkection 
I  .  the  part  of  the  straight  line  joining  the 
trtres  of  the  two  elements  produced;  thus,  with 
iinird  to  the  two  elements  b  e  and  a  k,  fig.  35, 


Fig.  35. 


going  in  the  direction  of 
the  arrows  we  take  as  the 
angles  6  and  6',  e  d  f  and 
A  CP;  then  those  on  the 
upper  and  right  side  of  the 
joining  Ime  will  be  reckoned 
positive,  and  those  on  the 
left  and  lower  side  negative. 
One  of  the  most  interesting 
results  of  Ampere's  investi- 
gation  was  the  explanation 
r  afltorded  of  the  rotation  of  a  wire  round 
aagnet,  or  of  a  magnet  round  a  wire.  This 
wnce  follows  from  the  general  expression,  if 
Madnnt  that  a  magnet  is  composed  of  circular 
p-rculatmg  round  the  molecules,  and 
-nged  m  p  anes  perpendicular  to  the  magnetic 
as  may  be  represented  in  section  in  fiff.  36. 
•  an  be  shown  that,  as  the  contiguou.s  portions 
.he  elementary  molecular  currents  bemg  in 


Fig.  36. 
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opposite  du-ections,  will  oppose  each  other,  and 
produce  a  null  efl'ect,  the  whole  system  will  bo 
merely  equivalent  to  an 
external  cun-ent  circu- 
lating in  the  plane  of 
the  section,  and  in  the 
same  direction  as  the 
molecular  cuiTents;  so  a 
magnet,  in  this  theory, 
is  represented  by  a  con- 
tiguous series  of  closed 
currents  aiTanged  per- 
pendicular to  its  axis, 
and  of  the  same  dia- 
meter as  the  magnet  it- 
self.  Such  an  arrangement  Ampere  designates 
as  a  solenoid,  and  shows  by  calculation  that  it 
may  m  all  cases  take  the  place  of  a  magnet.  In 
this  way,  we,  m  attemptmg  to  account  for  the 
rotation  of  a  wire  round  a  magnet,  substitute  for 
the  magnetic  pole  a  circular  current  of  the  same 
diameter.    Let  us  represent  a  small  portion  of 
this  current  by  the  straight  line  A  e,  fig.  37,  and 
an  element  of  the  cur-  i, 
rent  which  is  to  be 
made  to  rotate  round 
it  by  L,  then  we  find, 
by  the  formula,  with 

regard  to  any  element  "^y'''^-  

of  the  cmTent  to  the 
right  of  L,  as  for  in-  -pig.  37. 

stance,  b,  that  its  ac- 
tion on  L  is  repulsive,  for,  6,  the  angle  at  l,  is 
negative,  and  the  angle     at  b,  is  positive,  hence 
sm.  6  is  negative,  and  sin.  6'  positive,  and  when 
substituted  in  the  formula  they  give  a  negative 
attraction  or  a  repulsion,  by  which  the  element  l 
would  be  impelled  in  a  direction  from  right  to 
left  by  B.    It  is  clear  that  the  same  result  must 
foUow  for  all  the  elements  of  the  current  to  the 
right  of  L.    But  any  element,  as  a  on  the  left 
of  L,  will  give  attraction ;  the  angle  6,  at  l, 
bemg  negative,  its  sine  is  negative;  and  the 
angle  g',  at  A,  being  also  negative,  these  two 
negatives  being  multipUed  together,  would  give 
a  positive  result  when  substituted  in  the  expres- 
sion for/,  which  is  therefore  positive.   As  in  each 
case  the  angle     may  be  neglected,  so  in  this 
one,  L  would  be  di-awn  towards  a,  which  attrac- 
tion would  therefore  conspu-e  with  the  repulsion 
from  B,  and  give  a  tendency  to  move  in  a  direction 
against  the  current  in  A  and  e.    As  this  would 
be  the  result  for  every  element  of  these  ciurents 
when  integration  was  applied,  the  whole  actions 
would  conspire  to  produce  a  contmued  rotation 
round  the  magnetic  pole,  and  thus  we  get  alto- 
gether rid  of  the  improbable  supposition  of  a 
tangential  force,  by  the  substitution  of  a  mere 
attraction  or  repulsion.    A  little  consideration 
will  show  that  if  the  ciuTent  were  fixed,  and  the 
magnet  moveable,  the  same  attraction  and  re- 
pulsion, action  and  reaction  being  equal,  would 
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cause  the  magnet  to  tuiui  on  its  axis, 


or,  if 
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proper  arrangements  were  made,  to  revolve  round 
the  Avire.    Exact  calculation  by  means  of  the 
general  expression  for  the  action  of  magnets  on 
each  otlier,  on  the  supposition  that  they  are 
solenoids,  has  led  to  results  which  arc  in  perfect 
conformity  with  the  knoivn  magnetic  laws.  For 
instance,  Ampere  has  proved  that  the  total  action 
of  two  solenoids  npon  each  other  may  be  repre- 
sented by  a  force  emanating  from  each  end  of 
the  one  towards  each  end  of  the  other,  viz.  an 
attraction  and  repulsion,  as  is  shown  in  fig.  38 
— the  attractions,  by  the 
continuous,  and  the  re 
pulsions  by  the  inter 
rupted  lines,  and  that 
each  of  these  forces  acts 
according  to  the  inverse 
square  of  the  distance 
This  is  exactly  the  case 
of  magnetic  bars,  so  the 
magnets  act  at  least  as 
if  they  were  solenoids. — 
According  to  Ampere's  view,  terrestrial  magnetism 
is  nothing  more  than  the  effect  of  electric  currents 
circulating  continually  fi-om  east  to  west  round 
the  earth,  which  is  by  no  means  impossible.  Fara- 
day's discovery  of  the  induction  of  electric  cur- 
rents by  magnets  moving  in  the  neighbourhood 
of  other  bodies,  is  thus  also  simplified,  and  re- 
ferred to  the  induction  of  electricity  by  the  elec- 
tric currents  in  tlie  magnet.    Recently,  diflferent 
attempts  have  been  made  to  modify  the  hypo- 
thesis of  Ampere,  in  so  far  as  the  nature  and 
modes  of  circulation  of  the  electric  currents 
round  the  elementary  molecules  is  concerned. 
Weber,  De  la  Rive,  and  others,  have  been  en- 
gaged in  such  speculations  in  connection  with 
the  subject  of  diamagnetism,  and  Tj-ndal's  re- 
searches have  thrown  doubts  not  only  on  this 
but  on  all  existing  theories  of  magnetism. 

Electrolysis  r=  Electro-chemical  decomposi- 
iion :  a  term  of  Faraday's. 

Electrolyte.  A  body  that  is  directly  decom- 
posed by  the  electric  current,  such  as  tvate)' — is 
named  hy  Mr.  Faraday,  an  electrolyte. 

Electro-Magnet.  A  current  of  electricity 
itself  possesses  magnetic  properties,  as  evinced 
by  the  attraction  of  iron  filings  toward  tlie  con- 
ducting wire  of  a  voltaic  battery.  If  the  wu-e 
be  coiled  up  into  a  flat  spiral,  and  suspended  so 
as  to  allow  of  its  freely  turning  on  a  vertical 
axis  while  it  carries  the  current,  it  will  arrange 
itself  lil(e  a  mngnctic  needle,  and  exhibit  the  two 
opposite  magnetic  polarities  on  its  two  faces, 
being  attracted  or  repelled 
by  tlic  ordinary  magnetic 
poles,  and  may  therefore" 
be  called  a  true  electro- 
magnet. If  the  conduct- 
ing wire  be  coiled  into  a  long  spiral  or  cj-lindrical 
form,  <is  in  fig.  1,  a  still  closer  approximation  to 
tlie  characters  of  a  magnetic  bar  will  be  produced 
with  the  opposite  poles  at  the  two  ends,  the  in- 
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tensity  of  the  magnetic  power  becoming  greater 
as  tlie  strength  of  the  voltaic  current  increa8e.s, 
and  also  as  tlie  number  of  coils  is  augmented. 
Such  col'.s  or  helices  turn  tliemselves,  when  free 
to  move,  into  the  direction  of  the  magnetic  meri- 
dian; and  a  small  floating  battery  of  a  single 
pair  of  copper  and  zinc  plates  placed  in  a  glass 
tube  containing  diluted  acid,  and  supported  by  a 
corlc  float  with  a  coil  of  wire  soldered  to  the 
plates,  as  in  fig.  2,  may  be  substituted  when  set 
to  float  in  a  vessel  of 
water,  for  the  magnetic 
needle,  answering  all  the 
purposes  of  a  compass 
without  any  of  the  or- 
dinary magnetism,  and 
might  therefore  be  called 
an  electro-magnetic  com- 
pass.  If  into  the  interior 
of  a  coil  of  wire  carrying 
a  cuiTent  there  be  intro- 
duced a  bar  of  hardened  steel,  it  vdll  instantly 
be  converted  into  a  magnet,  and  if  the  current 
be  intense  enough,  it  will  be  magnetized  to 
saturation,  and  thus  excellent  permanent  mag- 
nets can  be  most  expeditiously  made ;  but  it  is 
upon  soft  iron  that  the  magnetizing  powers  of 
the  voltaic  current  are  most  powerfully  exercised. 
Thus,  if  a  copper  wire  be  coiled  round  a  piece  of 
soft  iron,  and  a  current  sent  through  it,  the  iron 
will  instantly  acquire  exceedingly  energetic  mag- 
netic properties,  and  indeed  this  is  the  mode  in 
which  by  far  the  most  powerful  magnets  can  be 
constructed.    A  bar  of  well  annealed  soft  iron, 
6  inches  long  by  1  inch  in  diameter,  haAang  about 
30  or  40  feet  of  copper  bell- wire  covered  by  silk 
or  cotton  thread,  wound  round  it  in  close  coils 
from  end  to  end,  becomes,  when  carr^'ing  the 
cuiTent  from  a  battery  of  three  or  four  pairs  of 
4-inch-square  plates,  an  exceedingly  powerful 
magnet  capable  of  magnetizing  compass  needles 
to  saturation,  and  exhibiting  in  a  striking  way 
most  of  the  effects  of 
magnetism.  When 
very  great  power  is 
required,  the  form  of 
a  horse- shoe,  or  of 
the  letter  U,  is  gen- 
erallj-  given  to  the 
ii'on  bar.  Care  must 
be  given  to  the  se- 
lection of  the  best 
and  softest  iron.  The 
copper  wire  should 
betliickish,  say  about 
No.  12,  and  should 
not  be  strained  or 
twisted,  lest  its  con- 
cting  powers  be 
injured.    It  is  generallj'  wound  on  in  several 
lengths,  the  separate  ends  being  soldered  to  two 
difterent  thick  wires,  for  connection  \nth  the 
battery,  taldng  care  to  wind  on  all  the  coils  in 
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ic  same  direction,  and  to  solder  the  heginniiigs 
i  all  of  them  to  one  wire,  while  the  ends  are 
IdcreJ  to  another,  as  in  tig.  3.    The  electro- 
.ignct  belonging  to  the  Faculty  of  Sciences  of 
■jris  is  capable  of  lifting  a  weight  of  three  tons 
when  an  energetic  current  is  sent  through  its 
'20,000  feet  of  copper  wire.    Electro-magnets  are 
now  generally  used  for  magnetizing  compass 
needles  and  also  the  long  and  powerful  correcting 
magnets  for  iron  vessels.    For  experiments  on 
the  magnetic  field  and  researches  on  diamaguetism 
rand  magne-crystallization,  electro-magnets  are 
oiearly  exclusively  used,  not  only  because  of  their 
rrgreat  power,  but  also  because  of  the  facility  with 
iwhich,  by  duscontinuing  the  current,  or  reversing 
Kits  durection,  the  magnetism  can  be  produced,  or 
irthe  poles  reversed.    For  convenience,  the  an- 
icoexed  form  is  sometimes  given  to  them,  and 

sliding  pieces  of  soft 
iron,  called  pointed 
armatures,  for  ap- 
proximating the 
poles,  are  used  where 
great  concentration 
is  required,  and  a 
field  of  very  vari- 
able force.  The 
electro  -  magnet  is 
also  extensively 
used  in  telegraphy. 
Electro  -  magnets 
have  likewise  been 
applied   as  prime 
» movers  of  machinery,  but  not  hitherto  economi- 
»cally ;  a  circumstance  ai-ising  from  two  causes : 
lilst,  while  coal,  the  material  used  in  the  produc- 
xtion  of  steam,  is  found  in  a  state  of  nature  fit  for 
Buse,  the  metals  and  acids  from  which  electric  cur- 
»rents  are  evoked,  require  expensive  and  trouble- 
osome  processes  for  their  preparation ;  2d,  while 
:  It  is  true  that  a  vast  statical  pressure  is  exerted 
hy  the  magnetic  force  in  keeping  the  armature 
in  contact  with  the  face  of  the  magnet;  j'et,  on 
removing  the  armature,  even  for  a  short  distance, 
r    on  account  of  the  rapid  decrease  of  the  attractive 
j    force,  a  very  great  diminution  in  the  effort  which 
'    pulls  the  armature  back  again  is  experienced. 
*    Two  or  three  different  modes  have  been  adopted 
I    to  convert  the  attraction  of  these  powerful  mag- 
«    nets  into  mechanical  action.    One  of  the  earliest, 
I    13,  that  of  the  Rev.  Mr.  M'Gauley,  a  modifica- 
'    tion  of  which  is  presented  in  the  annexed  figure. 
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_  .iron  B,  in  the  interior  of  the  coil 
wire,  13  rendered  magnetic  by  the  passage 


of  the  cuwent,  and  attracts  tlie  piece  of  iron  a, 
and  pulls  it  down  to  contact  witli  u,  tiicrebj'  ele- 
vating the  opposite  end  of  the  lever  at  l,  and 
lifting  the  bent  wire  which  connects  the  cups  c 
and  D  out  of  the  mercury,  thereby  interrupting 
the  circuit,  and  thus,  destroying  the  magnetism, 
and  allowing  the  iron.  A,  to  separate  from  b,  and 
the  lever  to  resume  its  former  position,  which 
restores  the  connection  of  the  coil  with  the 
battery,  and  renews  the  magnetism.  The  ap- 
paratus is  thus  automatic,  and  continues  to  work 
the  lever  with  a  reciprocating  motion  similar  to 
the  motion  of  tlie  working  beam  of  a  steam  en- 
gine. M.  Froment,  the  philosophical  instrument 
maker  of  Paris,  has  several  machines  of  a  kind 
similar  to  the  one  just  described,  at  ivork  in  his 
machine  shops.  In  other  cases,  a  bar  of  soft  iron 
is  supported  on  a  vertical  axle  between  the 
poles  of  an  electro-magnet.    The  axle  carries  a 
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piece  of  copper  wire  of  the  form  of  a  fork,  which 
dips  into  a  small  box,  divided  into  fom-  compart- 
ments, two  of  which,  opposite  each  other,  are  fUled 
with  mercury,  mto  one  of  which  one  end  of  the 
wire  of  the  coil  is  dipped,  and  into  the  other,  the 
wire  from  the  batterj',  the  other  end  of  the 
coil  being  put  into  pennanent  connection  with 
the  remaining  wu-e  of  the  battery.  The  mer- 
cm-ial  cistern  is  so  fixed  that  when  the  iron  ai-ma- 
ture  is  in  the  line  joining  the  poles,  as  is  repre- 
sented in  the  figure,  the  forked  copper  wire  on 
the  axle  is  over  the  two  empty  divisions,  and  con- 
tinues over  them  till  the  armature  is  turned  to  a 
position  at  right  angles  to  its  present  one.  Then 
the  copper  fork  comes  in  contact  with  the  mer- 
cury in  the  opposite  compartments,  thus  trans- 
mitting the  current  from  one  to  the  other,  and 
allowing  it  to  pass  through  the  coU  and  mag- 
netize the  iron,  which  that  instant  attracts  the 
armature  round  by  both  the  extremities,  closely 
approximating  it  to  the  poles,  when  the  bat- 
tery connection  ceases,  and  the  momentum  ac- 
quired carries  on  the  armature  in  its  wheeling 
motion,  when  again  the  battery  connection  is 
completed,  and  another  impulse  is  given,  till  at 
last  a  very  high  velocity  is  attained,  frequently 
rising  to  a  speed  of  many  thousand  revolutions  ill 
a  minute  if  no  resistance  is  put  on  the  machmw 
in  the  way  of  work  to  be  done.  In  some  cases, 
many  magnets  are  arranged  in  a  circle,  and  the 
iron  armatures  made  to  revolve  only  for  a  small 
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part  of  the  revolution  under  the  influence  of  each 
■when  in  its  immediate  neighbourhood  where  the 
force  of  attraction  is  strongest.  This  last  was 
the  arrangement  in  the  experiment  for  propelling 
railway  trains,  which  was,  some  years  ago,  made 
on  the  Edinburgh  and  Glasgow  line.  The  incon- 
venience there  experienced  was,  that,  though  the 
force  was  so  gi-eat  when  the  iron  armature  was 
opposite  the  magnets  as  to  drag  tlie  axles  from 
their  places,  and  destroy  the  working  arrange- 
ments, 3'et,  at  a  short  distance  from  those  posi- 
tions, it  was  insignificant.  Professor  Page  has 
recently  employed,  for  producing  motion,  a  modi- 
fication of  an  experiment  many 
years  ago  made  by  Mrs.  Som- 
merville.  If  an  iron  or  steel 
w  ire  be  placed  with  one  of  its 
ends  slightly  entered  into  the 
interior  of  a  coil  of  insulated 
wire,  as  in  fig.  7,  it  will  in- 
stantly be  dragged  in  when  a 
voltaic  current  is  sent  through  the  coil,  and,  it  is 
said,  that,  if  the  current  be  sufficiently  energetic, 
it  wiU  remain  suspended 
in  the  air  in  the  axis  of 
the  coil  without  visible 
support.  Be  this  as  it 
may,  it  is  certain  that 
it  is  dragged  in  with 
great  force,  if  the  cur- 
rent is  of  considerable 
energy.  Page,  in  hLs 
machine,  employs  a  steel 
magnet  instead  of  the 
wire,  and  by  using  large 
coils  and  magnets  ex- 
cited by  powerful  bat- 
teries, he  is  able  to  lift 
heavy  weights  through 
many  feet  at  each  stroke  of  the  machine.  An 
apparatus,  on  this  principle,  is  shoTO  in  fig.  8. 

lillectro-jTIagnctic  lUacliincs:  Mechani- 
cal Power  developed  by.  An  Electro-Magnet  being 
easily  constructed,  capable  of  sustaming  a  weight 
of  enormous  amount,  considering  the  weight  of  the 
sustaining  Magnet,  and  the  expense  of  the  battery ; 
and  it  being  easy  to  shift  the  attractive  to  a  cor- 
responding repulsive  power  of  equal  intensity  (see 
Electro-Dynajiics), — it  is  not  wonderful  that 
sanguine  persons  early  imagined  that  a  motive 
power  had  become  attainable,  uniting  the  qualities 
of  extreme  cheapness,  of  disposability,  freedom  from 
fracture  or  accident,  and  almost  illimitable  in  in- 
tensity. The  form  or  mode  of  application  too, 
seemed  palpable.  Suppose  an  ordinary  armature 
or  set  of  armatures  connected  like  the  spokes  of  a 
carriage  wheel,  and  made  capable  of  revolving 
horizontally,  around  a  point  halfway  between  tlio 
poles  of  a  horse-shoe  Electro-Magnet, — it  is  clear 
that  the  opposite  ends  of  each  armature  would 
be  attracted  by  the  pole  nearest  it ;  and  if  that 
pole  were  suddenly  changed  into  the  reverse  pole, 
the  same  armature  would  be  as  suddenly  repelled. 
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By  attraction  then,  the  spoke  of  the  wheel  would 
be  drawn  under  the  poles  of  the  Electro-Magnet, 
and  then  as  suddenly,  and  with  equal  force  driven 
away :  but  as  the  mointntum  given  by  its  approach 
would  cause  it  to  tend  beyond  the  pole  tliat  at- 
tracted it,  the  substituted  repulsion  would  drive  it 
onwards  in  the  same  direction ;  so  that  a  rotatory 
motion  of  the  wheel  would  inevitably  result.  In 
this  case  there  is  no  difficulty  whatever  in  construct- 
ing the  mechanism :  a  rotatorj'  motion  can  be  pro- 
duced at  once.   See  Electro-Magnet.    And  if 
this  motion  had  any  true  or  permanent  momentum 
— if  it  represented  in  the  strict  sense  a  quantity  of  i 
motion,  we  should  have  the  element  essential  to  [ 
any  form  of  machine.    Nor  did  interesting  ex- 
periments fail  to  indicate  an  apparent  possibility  I 
that  effective  mechanisms  of  this  kind  might  be 
constructed : — wheels  of  such  sort  moving  on 
pivots  carefully  freed  from  friction,  were  made) 
to  revolve  rapidly :  unfortunately  a  fact  was  orer- 
looked,  which  quite  incapacitated  these  rotations  I 
to  overcome  any  resistance  or  do  any  work ; —  I 
the  power  of  a  magnet  to  support  a  weight  in  I 
contact  Avith  it,  was  confounded  in  all  such  ex- 1 
pectations  with  its  power  to  draw  towards  iti 
a  weight  at  a  little  distance.    But  these  two  I 
powers  are  utterly  different.    The  efficiency  ofl 
magnetic  attraction  diminishes  according  to  thel 
law  of  the  inverse  square  of  the  distances  of  thai 
surface  of  the  magnet  and  the  armature;  8o| 
that  whatever  the  power  to  prevent  separation 
when  the  two  are  in  contact,  their  mechanic 
tendency  to  approach  each  other  deserves  little 
consideration.    It  is  the  latter,  however,  aloneJ 
that  can  induce  rotation,  or  become  a  source  oq 
mechanical  effect ;  so  that  there  is  in  the  ver 
source  of  this  new  power,  a  cause  of  feeblene 
over  which  no  mechanical  ingenuity  can  ever  pr 
vail.    There  are  other  obstacles  in  principle 
such  as  the  action  of  induced  Electricity  du 
the  process;  but  as  the  foregoing  is  fatal,  wl 
shall  not  specify  fm-ther.    The  leading  Experi- 
menter, or  rather  Inventor,  on  this  subject  wat 
the  Petersburg  (not  the  Berliii)  Jacobi ;  anr 
certainly  his  experiments  were  conducted  on  : 
sufficiently  boastful  scale.    But  his  submariiu 
boat,  before  it  could  be  persuaded  to  move 
required  the  propulsion  of  eight  rowers ;  the  fu! 
energy  of  one  of  these  being  consumed  on  the  loae 
or  inertia  of  the  Galvanic  Batterj'.    Luckily  fo 
the  "  Inventor,"  it  is  the  policy  of  the  Kussia: 
Chancery,  that  nothing  undertaken  by  the  Go 
vernment  shall  fail ;  so  that  how  foolish  soevc 
may  have  been  the  spectacle  of  his  boat,  Jacol' 
himself  reaped  consolation  in  the  reward. 

Kicctromcicr ;  generally  used  indiscrimiu 
ately  with  Electroscope,  {q.v.)  Accurately 
an  Electroscope,  shows  the  existence  of  a  develop 
ment  of  the  electric  attractions  and  repulsion- 
an  electrometer  nieasures  the  mtensity  of  th 
development  The  best  form  of  the  electronio'n 
in  tliis  latter  and  strict  form,  is  Coulomb's  torsioi 
balance,  (see  art.  ia  page  Gl ;)  in  which  if  th' 
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lixed  ball  be  electrified  the  moveable  ball  diverges, 
and  the  angle  of  divergence  can  be  measured. 
This  instrument  is  so  delicate,  that  a  force  equi- 
valent to  the  dead  pull  of  ^gjjj^  of  a  grain  is 
suflBcient  to  make  the  needle  tiaverse  the  whole 
circumference ;  consequently,  an  arc  of  one  degree 
measured  bv  its  needle,  indicates  a  force  not 
p-eater  than  ^j^STTOTJ  °^ ^  grain.    The  slightest 

trace  of  electricity  may  thus  be  discovered  See 

Electroscope,  Multiplier,  and  Voltameter. 

Electropboriis.   An  instrument  that  is  often 
-used  instead  of  the  electric  machine.    It  consists 
s-essentially  of  two  parts,  a  nonconducting  cake 
and  a  conducting  disc.    The  cake  is  of  resin,  and 
is  contained  in  an  envelope  of  wood  or  metal,  into 
which  it  has  been  poured  in  a  melted  state  so  that 
it  has  a  plane  and  smooth  surface.    The  disc  is 
formed  of  metal,  or  of  wood  covered  with  tin  or 
metallic  foD.    Its  diameter  is  less  than  that  of 
uhe  cake,  and  its  edge  is  carefully  rounded.  To 
die  clisc  is  attached  an  insulating  handle,  as  re- 
oresented  in  the  figure.    To  obtain  charges  from 
the  instrument  we  first 
excite  the  resin ;  and  this 
is  usually  done  by  beating 
it  with  cats'  fur,  a  highly 
positive  electric.   The  disc 
is  then  placed  upon  tlie 
excited  cake,  and  is  touched 
with  the  finger.  It  is  finally 
withdrawn  by  the  insulat- 
ng  handle,  and  is  found  to  be  positively  electrified, 
f  the  disc  be  now  discharged,  the  experiment 
nay  be  repeated  without  a  new  excitation  of  the 
psui ;  and  this  may  be  done  hundreds  of  times  in 
uccession,  and  at  intervals  of  hours  or  even  days 
part.    When  the  charges  obtained  in  the  disc 
-ecome  too  feeble,  the  efficacy  of  the  instrument 
liay  be  at  once  restored  by  a  new  excitation  of 
he  resin.    The  theory  of  this  interesting  appa- 
atus  may  be  very  briefly  stated.    The  develop- 
nent  of  electricity  in  the'disc  is  evidently  due  to 
luctive  action,  for  the  charge  obtained  in  the 
<-  IS  positive  while  the  originating  charge  in 
'le  resin  is  negative,  and  the  former  charge  is 
'jtained  further  by  the  uuinsulation  of  the  disc 
'^eii  in  the  immediate  neighbourhood  of  the 
We  find  accordingly,  that  if  the  disc  is 
"t  touched  by  the  finger  or  other  conductor 
lien  it  is  placed  on  the  cake,  it  possesses  no 
I'lrge  when  it  is  withdrawn,  except  a  barely 
-iisible  charge  of  negative  electricity  derived  by 
ommunication.    The  efficiency  of  the  instrument 
spends  gi-eatly  upon  the  fact,  that  when  the 
isc  13  in  position  it  is  in  circumstances  highly 
ivourable  to  intense  inductive  action.  The  whole 
t  the  lower  surf-ace  of  the  disc  Ls  then  in  closest 
'issible  proximity  to  a  well  excited  body,  and 
'e  disc  13  uninsulated.    It  might  be  thought 
lat  in  these  circumstances  the  inductive  action 
om  necessarily  terminate  in  discharge;  but 
mL'^r  u'-'  prevented  by  the  extraordinary 
of  the  resin  in  retaining  a  charge  once 
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bestowed  upon  it.  The  retentive  power  of  resin 
is  otherwise  proved  by  several  striking  experi- 
ments, but  it  is  nowhere  more  clearly  evidenced 
than  in  the  action  of  the  Electropliorus  itself, 
especially  in  the  permanence  of  its  inductive 
power  without  new  excitation. 

Xllrctrosccpc.    In  electrical  experiment  it 
is  so  frequently  necessary  to  detect  the  presence 
of  charges  and  to  detennine  their  species,  that 
permanent  instrumental  aiTangements  of  different 
kinds  have  been  made  for  the  purpose,  and  have 
found  their  way  into  every  physical  laboratory. 
Such  instruments  are  called  Electroscopes.  Un- 
der all  varieties  of  form  they  are  constructed  upon 
the  common  principle,  that  two  charged  bodies 
attract  or  repel  one  another  according  to  definite 
laws.    The  simplest  form  of  electroscope  is  the 
electric  pendulum,  a  small  and  light  conducting 
ball  suspended  say  by  a  light  nonconducting 
thread.    When  the  ball  is  charged  with  a  known 
electricity,  it  is  in  a  condition  to  indicate  by  its 
movement  the  presence  and  species,  and  to  some 
extent  the  intensity  also,  of  the  charge  upon  a 
body  brought  into  its  neighbourhood.  Another 
simple  form  is  the  electric  needle,  a  light  non- 
conducting lever  balanced  in  the  manner  of  the 
mariner's  compass,  and  bearing  at  one  end  a 
small  body  charged  with  a  known  electricity. 
Haiiy's  Electroscope  is  a  simple  and  elegant  in- 
strument of  this  form,  in  which  the  charged  body 
at  the  end  of  the  lever  is  a  small  mass  of  a  parti- 
cular crystal  that  may  be  definitely  electrified  by 
pressure  for  an  instant  between  the  fingers,  and 
that  retains  a  charge  so  bestowed  upon  it  for 
hours  in  succession.    The  instruments  that  are 
now  generally  fonned  for  electroscopic  purposes 
consist  essentiallj'  of  two  small  and  very  light 
conducting  bodies  that  are  placed  in  contact  and 
are  free  to  move  to  a  distance  from  each  other. 
When  the  two  bodies  are  electrified,  either  by 
communication  with  the  charge  examined  or  by- 
its  inductive  action,  they  give  immediate  signs 
of  this  effect  by  their  mutual  repulsion.  The 
adjacent  cut  represents  Bennet's  gold  leaf  electro- 
scope, one  of  the  most  useful 
apparatus  of  this  kind,  and  one 
that  is  very  generally  emplo3'ed. 
In  this  instrument  two  thin  gold 
leaves  of  sufficient  length  are 
fastened  at  their  extremities  be- 
tween a  pair  of  metallic  pincers. 
The  pincers  are  prolonged  into 
a  metallic  stem  which  passes 
through  an  opening  in  the  top 
of  a  glass  case  that  envelops  the 
whole  apparatus ;  and  the  stem 
is  terminated  without  by  a  knob 
of  metal.    When  the  leaves  are  electrified,  thev 
diverge  to  a  greater  or  less  extent  according 
to  the  quantity  of  the  charge.    To  prevent  the 
contact  of  the  leaves  with  tiic  sides  of  the  case 
a  result  that  would  produce  great  inconvenience' 
in  the  working  of  the  apparatus,  two  uninsulated 


conducting  balls  are  placed  as  in  the  figure,  so  that 
tlie  leaves  when  greatly  divergent  come  into  con- 
tiict  with  the  balls  and  are  discharged.  To 
examine  a  body  electrically  by  means  of  this  in- 
smiment,  we  either  place  the  body  in  contact  with 
tlio  external  knob,  or  merelj'  bring  it  close  to  the 
knob.  In  the  former  case  the  body  shares  its  charge 
with  the  knob,  and  the  leaves  diverge  in  virtue 
of  the  electricity  thus  communicated ;  while  in 
f  !ie  latter  case  the  given  charge  acts  inductively 
upon  the  metallic  mass  of  the  knob,  stem,  and 
leaves ;  repels  the  electricity  similar  to  itself  into 
tlie  leaves,  and  attracts  the  other  electricity  into 
tiie  knob,  so  that  the  leaves  will  diverge  in  thb 
case  as  well  as  in  the  former.    We  can  easily 
determine  the  species  of  the  charge  that  produces 
anv  sensible  effect  on  the  leaves  of  the  electro- 
scope.    If  the  leaves  have  been  electrified  by 
discharge  froni  the  given  body,  let  the  body  be 
withdrawn;  and  let  a  definitely  excited  body, 
say  a  positively  excited  rod  of  glass,  be  brought 
down  from  a  distance  towards  the  knob.    As  the 
rod  approaches  it  will  ro]iel  into  the  leaves  a 
continually  increasing  positi\-e  charge;  so  that 
if  the  divergence  of  the  leaves  increases  under 
this  inductive  action,  the  charge  upon  the  leaves 
is  evidently  increasing  and  Avas  therefore  origi- 
nally positive.    If  on  the  other  band  the  diver- 
gence diminishes,  the  charge  upon  the  leaves 
must  have  been  originally  negative.    When  the 
body  that  we  examine  is  not  put  in  contact  with 
the  knob,  but  only  brought  near  to  it  so  as  to 
electrify  the  leaves  by  induction,  the  simplest 
■wsiy  of  testing  the  species  of  the  charge  is,  first 
to  charge  the  knob  and  leaves  with  a  knowni 
electricity,  and  then  to  bring  the  body  down 
gradually  from  a  distance  towards  the  knob. 
The  increase  or  diminution  of  the  divergence  will 
prove  here  as  in  the  former  case,  that  the  charges 
on  the  body  and  in  the  electroscope  are  similar 
or  dissimilar.    The  sensibility  of  the  gold  leaf 
electroscope  in  its  simplest  form  is  very  great ; 
and  it  may  be  greatly  augmented  by  the  use  of  a 
condenser  instead  of  the  external  knob.    The  in- 
strument in  this  form  is  sometimes  called  the 
gold  leaf  condenser.    When  an  Electroscope  is 
so  constructed  as  to  measure  the  intensities  of 
charges,  it  is  called  an  electrometer.    The  several 
forms  of  apparatus  referred  to  are  sometimes 
employed  as  electrometers.     For  this  purpose 
indices  are  attached  to  the  instruments  which 
mark  the  extent  of  the  movements  of  the  small 
charged  bodies.   None  of  these  instruments,  how- 
ever, can  compete  as  accurate  electrometers  with 
the  Torsion  Balance  of  Coulomb.    For  an  account 
of  this  invaluable  instrument,  see  the  article  on 
Die  Balance  of  Torsion  ;  see  also  the  article  on 
Electkicity,  especially  the  remarks  upon  the 
Electric  Forces  and  upon  Distuihutiun. 

Elcctroiyi»c  is  a  new  art  which  has  not  yet 
been  so  extensively  cultivated,  as  it  will  one  day 
assuredly  be.  The  delicacy  of  some  of  its  opera- 
tions with  which  workmen  are  not  yet  familiar, 
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as  well  as  their  i)owerlessnes8  to  manage  processes 
which  they  do  not  more  than  half  comprehend, 
sufficiently  explain  its  present  state.    Yet  in  the 
seventeen  years  which  have  passed  since  its  simul- 
taneous invention  by  Spencer  (an  Englishman), 
and  Jacobi  (a  llussian),  verj'  much  has  already- 
been  accomplished.  The  art  of  Electrotyping  ha.s 
been  employed  for  the  reproduction  of  coins  and 
medals;  tlie  copying  of  .stamps  and  seals,  and 
plaster  casts;   for  obtaining  hollow  copies  of 
surfaces  in  relief,  and  the  re\'erse ;  for  imitating 
fruits  and  vegetables ;  for  making  moulds  for  the 
foundry,  reproducing  printed  characters,  copper- 
plates, woodcuts,  and  daguerreotj'pe  pictures, 
and  for  copperplate  engraving.    The  mere  enu- 
meration of  these  varied  forms  of  appliance,  will 
at  once  show  the  reader  how  important  an  in- 
strument in  art,  a  process  which  has  accomplished 
this  in  seventeen  years,  must  ultimately  be- 
come.    The  process  rests  upon  general  rules, 
which  should  be  followed  with  great  care,  and 
which  we  shall  first  indicate,  before  describing 
those  special  precautions  that  must  be  adopted. 
The  purpose  of  it,  is  the  precipitation,  by  means 
of  a  galvanic  current,  of  a  metal,  from  a  chemical 
solution  of  it,  upon  a  given  object  in  a  contin- 
uous layer  (not,  however,  adhering  to  the  object), 
so  that  this  layer  may  accurately  represent  th 
object  in  all  its  minuteness  and  detail.  Som" 
times  it  is  not  meant  that  what  is  deposited 
this  way  should  come  off — that  is,  the  process ' 
employed  to  deposit  a  permanent  metallic  coa'"" 
upon  an  object.    At  other  times,  it  is  mean 
to  be  removed.    The  processes  for  both, 
slight  variations  as  to  the  length  of  time  an 
the  conditions  of  operation,  are  nearly  identi 
Either  a  simple  or  a  compound  pole  may 
used  in  the  generators  of  the  galvanic  curren 
which  is  employed.    In  the  first,  the  moul 
itself  forms  an  essential  part  of  the  galvani 
current,  in  the  other,  it  is  outside  the  decern 
posing  bath;  the  advantage  being,  that  in  th 
latter  case  there  may  be  attached  to  the  coppe 
pole,  a  soluble  electrode,  that  is,  a  plate  of  t" 
same  material  as  the  metal  being  decompe 
in  tlie  balh,  which  itself  dismtegrates,  and  nearly 
makes  up  for  the  loss  of  metal  precipitated  upoi 
the  mould.    The  first  form  of  the  electrotyp 
art,  as  discovered  by  Spencer,  was  this.  A  squar 
copper  plate  was  put  in  communication  with 
zinc  plate  of  the  same  form  and  size,  Ijy  mea: 
of  a  copper  wire.    The  plate  was  covered  ■nitli 
hot  coating  of  varnish  made  of  unbleached  wa> 
resin  and  red  ochre ;  and,  with  a  metal  ]ioini 
letters  had  been  traced  on  the  varnish,  laying  bar 
the  copper.    Then  a  vessel  was  half-filled  witli 
saturated  solution  of  sulphate  of  copper,  ar 
the  copper  plate  immersed  in  it;  also  the  gin- 
of  another  smaller  glass  vessel  (one  nuiuth  ' 
which  is  closed  by  a  plaster  of  Paris  diaiihragm 
filled  with  a  dilute  solution  of  sulphate  of  sod. 
to  two-thirds  of  its  contents.    The  zinc  elenu' 

into  tl- 


of  the  galvanic  couple  was  plunged 
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;  itter  solution,  and  placed  iiarallel  to  the  plaster 
I'lppcr,  the  wire  being  so  bent  that  tiie  copper 
Lite  should  also  be  parallel  to  it  on  the  other 
iile.      The    moment  that  the  current  was 
iinipleted,  the  copper  from  the  solution  of  the 
Jphate,  became  deposited  in  the  furro\vs  made 
Ml  the  varnish,  so  as  to  produce  the  characters  in 
relief.    The  idea  immediately  occurred  to  Mr. 
Spencer,  that  this  method  might  be  made  useful 
in  printing,  and  he  actually  employed  it  for  this. 
It  is  needless  to  indicate  more  minutely — what 
indeed  the  whole  of  this  article  besides  will  do 
—how  variously  the  ideas  suggested  by  this 
root-phenomenon  became  subsequently  developed. 
L'.Certain  difficulties  were  met  with  "at  the  first 
.(.stage.    In  overcoming  these,  new  discoveries 
were  made.    The  first  was,  that  the  layer  de 
posited  in  a  moderate  time  was  so  thm  that 
it  was  with  difficulty  it  coidd  be  taken  off  entii'e. 
(To  cuie  this,  Mr.  Spencer  allowed  the  plate  to 
::stand  for  a  very  long  time,  and  he  found  that 
ninstead  of  the  deposit  hardening  and  becoming: 
mnon-adherent  to  the  plate,  it  adhered  firmly 
IHere  then  a  new  difficulty.    If  a  mould  was  to 
lebe  taken  in  this  way,  either  the  la)  er  must  be 
litaken  off,  when  too  thin  to  be  safely  taken  off, 
ror  if  allowed  to  remain,  it  must  become  so  ad- 
aherent,  as  to  injure  the  original  in  the  separation. 
:iThe  suggested  idea  of  employing  moulds  taken 
lin  plaster  of  Paris,  wax,  &c.,  of  the  object  to  be 
"icopied,  was  very  natural.    la  copying  a  medal 
— the  layer  would  have  been  indented  where  the 
Mnedal  was  in  relief,  and  vice  versa.    In  copying 
Wie  mould  from  the  medal— the  electrotypic  re- 
rtproduction  would  be  an  exact  fac-simile  of  the 
l^^nal — We  proceed  to  enter  on  a  few  detaUs. 
I  We  shall  not  assign  names  to  all  the  inventions 
leiramerated.    The  most  eminent  in  the  cultiva- 
Btion  of  the  art  are  perhaps,  Messrs.  Smee,  Elk- 
l^gton.  Grove,  Mason,  and  MM.  Becquerel 
oBoqmllon,  Eisner,  Solly,  Sorel,  and  Chevalier! 

We  have  said  that  the  gal- 
vanic apparatus  employed 
may  be  simple  or  compound. 
We  shall  describe  both.  First, 
the  Simple.  That  most  com- 
monly used  is  figured  below. 
In  a  glass,  porcelain,  or  stone- 
ware vessel,  the  solution  of 
the  metal  to  be  decomposed, 
is  put  e.g.  for  copper,  the 
sulphate  of  co[)per.  In  the 
ii    1      l/p  middle  of  that  vase,  another 

r    '  ong^      ij,  ggf^  rau.c\\  smaller 

in  diameter,  and  of  porous 
^  material.     Into  this  latter, 

|l  sulphuric  acid  diluted  with 

.  twelve  or  fifteen  times  its 

^«ght  of  water,  is  poured,  and  a  plate  or 
^yiinder  of  zinc,  z,  inserted.  The  moulds,  «, 
're  put  m  communication  with  this  zinc  by  a 
irass  wire.  As  the  deposition  of  copper  from 
■Je  sulplmte  constantly  weal^ens  it,  while  the  pro- 
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cess  goes  on,  it  is  best  to  keep  continunny 
supplying  the  loss  by  the   addition  of  fresh 
crystals,  or  a  bag  containing  them,  as  ic  in 
the  figure,  may  be  filaced  in  the  solution. — 
An  apparatus  of  M.  Becquerel's,  manifestly  on 
the  same  principle,  is  made  of  a  scjuare  wooden 
triangle,  glazed  inside  >vith  gutta  percha,  and 
divided  into  two  comparlnieiits  by  a  porous 
diaphragm,  on  one  side  of  whirh  is  the  dilute 
acid,  and  on  the  other,  tiie  solutimi  of  sulphate. 
The  porous  vase  p,  is  thus  got  rid  of,  and  the 
apparatus  is  much  more  easily  used.    It  will  be 
well  to  keep  the  temperature'  between  100°  and 
160°  Fahr.;  and  as  the  degi-ee  of  saturation  be- 
comes alwaj's  unequal  in  such  a  process,  to  turn 
the  box  pretty  frequently.  Another  inconvenience 
cjmes  from  the  unequal  thiclcness  of  (he  metallic 
deposit,  which  is  always  more  copious  opposite  to 
the  point  where  the  mould  is  attached  to  the  wire. 
Several  conductors  symmetrically  placed  behind, 
are  made  use  of  to  remedy  this.    The  origin 
of  another  inequality  is,  that  the  distance  of  the 
con'esponding  points  of  the  zinc  and  the  mould 
are  not  all  the  same.  This  can  only  be  remedied, 
either  by  giving  the  zinc  tlie  same  relief  as  the 
mould  itself,  or  making  the  plaster  diaphragm 
take  a  suitable  shape.   The  latter  method  is  quite 
practicable. — The  Compound  cell  process  as  it  is 
called,  is,  as  we  have  already  said,  when  the 
cm-rent  is  produced  in  a  vessel  diffeient  from  that 
in  which  the  decomposing  solution  is  placed. 
In  the  annexed  figure,  .\  is  the  battery,  and  b 
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the  vessel  into  which  the  decomposing  liquor  is 
poured.  The  mould  with  zinc  plate  corresponding 
—or,  as  may  be  in  the  compound  cAl— copper 
plcUes,  which  supply  the  loss  of  the  copper  ore, 
bemg  as  in  the  figm-e;  and  the  connection  estab- 
lished. A  yet  simpler  form  is,  where  tiiere  are 
no  cells— but  b  is  a  mere  trough,  along  which, 
a  metallic  rod  is  laid  parallel  to  its  edge,  fi'om 
which  rod  the  moulds  are  suspended,  while  par- 
allel to  it  again,  a  copper  plate,  tiie  whole  length 
of  the  vessel,  is  dipt  into  the  sulphate ;  the  plate 
and  (he  rod  are  then  connected  with  the  -vvires 
s  and  z,  respectively.  In  those  batteries,  as 
generally  in  galvanic  batteries,  the  zinc  ought  lo 
be  amalgamated.    The  advantages  obtained  are 

numerous.    There  are  especially  these  three  

first,  in  that  state  the  metal  is  not  aflected  bv 
the  solution  in  which  it  is  jilaced,  until  the 
connection  is  made—secondli/,  the  process  is  very 
much  more  regular,  in  the  unamalgamated  zinc 
'30V 
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indeed  tlierc  seem  to  be  certain  slight  subsidiary 
electric  currents  between  parts  unequally  electric, 
making  the  process  irregular, —  currents  which 
besides,  (this  indicating  the  third  advantage,) 
waste  the  power,  so  that  not  nearly  tlie  same 
equivalent  of  work  (effective  or  valuable),  is  ob- 
tained from  unamalgamated,  as  from  amalga- 
mated zinc.  Recent  experiments  by  M.  Millen, 
appear  to  indicate  that  some  foreign  matter  will 
be  ultimately  discovered,  wliich  when  present  in 
the  solution  in  verj-  slight  quantity,  will  render 
amalgamation  unnecessary.  The  simplest  pro- 
cess of  amalgamation  is  this.  Pour  water,  pure 
sulphuric  acid  and  mercury,  together  into  a  phial, 
and  then  brush  with  this  mixture  the  smface 
of  the  zinc,  until  it  acquires  a  very  bright  sur- 
face.— For  the  various  kinds  of  Batteries  that 
are  in  use  in  the  generators  of  the  voltaic  current, 
reference  is  made  to  the  article  Battery,  in 
this  Cyclopsedia.  There  is  only  one,  not  men- 
tioned there,  which  is  yet  little  known,  but  seems 
to  promise  very  remarkable  results.  This  is  the 
pile  of  Prince  Bagration.  According  to  M. 
Jacobi's  description,  it  will  excel  all  others  in 
the  constancy  and  regularity  of  its  effect  —  in 
the  little  care  needed  for  its  management — and 
in  its  OAvn  extreme  simplicity.  It  can  work  for 
example,  for  more  than  six  weeks  without  being 
touched,  preserving  perfect  regularity  of  action. 
Then  again,  it  is  so  simple  in  construction,  that 
it  may  be  used  and  set  up  anywhere,  and  its  cost 
is  very  slight.  It  consists  of  a  flower-pot,  or  any 
other  vase  impermeable  to  water:  this  is  filled 
■with  earth  saturated  with  a  solution  of  sal-am- 
moniac, then  a  copper  plate  c,  and  a  zinc  plate 
z,  are  placed,  and  put  in  the  earth ;  and  a 

simple  voltaic  couple 
is  thus  obtained,  the 
action  of  which  may 
be  almost  indefinitely 
kept  up  by  moistening 
the  earth  occasionally 
with  more  of  the  solu- 
tion, and  by  renewing 
the  zinc  plate  as  it  be- 
comes eaten  away.  It 
is  good  before  immers- 
ing the  copper  plate  to  plunge  it  into  a  solution 
of  sal-ammoniac  for  a  few  minutes,  and  to  leave 
it  to  dry,  till  decided  oxidation  becomes  visible 
on  the  surface.  The  plates  must  not  be  too  near, 
and  they  must  be  of  such  size  as  to  overcome  the 
resistancu  to  transmission  which  the  earth  inter- 
noses.  Several  elements  may,  of  course,  be  used 
instead  of  one.  M.  Jacobi  recommends  that  the 
<lifferent  vases  should  be  carefully  isolated.  The 
theory  upon  which  the  process  rests  is  some- 
what obscure ;— but,  assuming  that  the  apparatus 
does  act  as  described,  there  is  one  very  manifest 
advantage  which  it  has  over  all  the  other  bat- 
teries,—viz. :  it  gives  off  no  acid  exhalation. 
Those  who  have  wrought  at  experiments  wiUi 
tiie  ordinary  Daniell's  or  Jlaynooth  batteries, 
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can  appreciate  the  advantage. — The  Baths  em- 
ploj'ed  in  Electrotyping  have  now  to  be  de- 
scribed— i.e.  the  nature  of  the  solution  con- 
taining the  substance  to  be  deposited.    We  givet 
only  a  short  list  of  the  best.    For  gold,  the 
following  solution  may  be  used:  100  parts  of 
distilled  water,  10  parts  of  cyanide  of  potassium,, 
and  1  of  cyanide  of  gold.    To  obtain  different 
shades  of  gold,  we  must  attach  to  the  picture 
pole,  plates  of  gold  alloyed  with  silver  or  copper.: 
The  same  solution,  substituting  silver  for  gold 
only,  serves  for  silvering  substances.    We  may 
also  have  100  parts  of  distilled  water,  10  oi 
cyanide  of  potassium,  and  1  of  carbonate  oi 
of  ferro-cyanide  of  silver.    Also  100  of  disi 
water,  10  of  hj'posulphate  of  soda,  and  1 
chloride  or  of  phosphate  of  silver.  The  solutioi 
for  platinum  are  analogous.    For  nickel, 
nitrate  or  the  ammoniac  sulphate  may  be 
For  copper,  the  sulphate  chloride,  nitrate  am 
acetate  (especially  for  its  cheapness,  the  sulphate)] 
In  the  case  of  the  sulphate,  there  is  considerabli 
resistance  to  the  current,  and  the  power  of  the  bat; 
is  increased  by  addition  of  a  little  nitric  or  sul 
phuric  acid.    When  this  is  the  case,  the  solubl 
electrode  is  attacked,  and  the  strength  of  th| 
solution  is  increased.  If  the  matter  of  the  mouli 
should  be  more  oxidizable  than  the  copper, 
would  plainly  be  unwise  to  add  the  acid,  so  mucl 
so,  that  both  Jacobi  and  Spencer  discourage  thi 
use  of  all  acid  solutions  in  consequence.  Th| 
nitrate  of  copper  needs  for  its  decomposition 
weaker  current  than  the  sulphate,  but  it 
much  dearer.    The  soluble  electrode  is,  in 
bath  of  copper,  always  of  copper.    For  zinc,  tl 
sulphate— for  lead,  the  acetate,  very  dilute,  anj 
acidulated  with  acetic  acid,  or  a  little  nit 
acid — for  tin,  a  solution  in  aqua  regia  acidulate 
by  nitric  acid  is  perhaps  the  best — In  givinl 
these  details,  we  have  spoken  verj'  generallj 
But,  four  circumstances,  which  have  been  not 
distinctly  bearing  on  the  success  of  any  propos 
experiment ;  though  no  clear  laws  of  their  actiol 
have  as  yet  been  arrived  at.  1st.  The  intensity  < 
the  pile.  2d.  The  degree  of  concentration,  and  i 
conducting  power  of  the  solution.    3d.  Its  ten 
perature.  4tb.  The  relative  position  and  magn: 
tude  of  the  two  electrodes.    M.  Boquillon  li; 
shown  that,  as  these  conditions  vary,  the  deiwsi 
of  metal  may  become  as  hard  and  brittle  as  stoi 
as  soft  and  flexible  as  lead,  or  even  appear  as 
powder,  or  in  a  crystalline  lonn.  As  examples, 
Boquillon  says  that,  all  other  things  being  equi 
if  the  positive  electrode  be  greater  than  the  neg. 
tive,  or  mould,  a  crystalline  deposit  will  be  pi' 
duced,  which  may  become  a  powder,  if  the  difl'c 
ence  be  considerable.  The  contrary  effect  occurs 
the  positive  electrode  be  the  smaller.  Like  effix 
are  produced  by  a  rise  of  temperature.  If  we  hii 
three  cases — the  flrst  where  the  solution  is  con 
pletely  saturated,  the  second  where  it  is  less  so,  ai 
the  third  where  very  slightly  so,  in  the  first  t 
deposit  will  probably  be  haid  and  brittle,  in  t 
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econd  more  flexible,  in  the  third  formed  of  a 
-poilgj'  mass  of  unaggregated  crystals,  ultimating 
a  black  nonadlierent  powder. — For  the  moulding, 
r  types,  any  body  capable  of  conducting  electricity 
may  be  made  use  of,  provided  only  it  be  not  of 
such  a  nature  as  to  be  attacked  by  the  solution, 
and  to  react  on  the  precipitated  metal.  A  noncon- 
ductor may  also  be  used,  if  we  take  the  pre- 
caution to  give  its  surface  the  faculty  of  conduc- 
tion by  a  very  thin  layer  of  a  conducting  body  in 
a  state  of  powder.  The  conducting  bodies  fitted  to 
ti  give  moulds  are  the  metals,  well  powdered  char- 
x  coal  and  plumbago.  The  sulphate  of  copper,  which 
s  is  the  commonest  solution  made  use  of,  may  be 
li  affected  by  zinc,  tin,  and  iron.    Hence  these  me- 
atals  cannot  be  used.    Platinum  and  gold  would 
iianswer  perfectly,  but  they  are  too  dear.  There 
irare  only  left  to  us  silver,  copper,  and  lead,  and 
fcthe  alloys  of  the  latter.    As  sUver  is  precipitated 
»jby  gold  and  platinum,  it  should  be  used  to  reduce 
bthe  metals  when  the  principal  deposit  is  to  be 
fevery  fine.    Veiy  fine  copper  moulds  may  be  ob- 
iktained  by  depositing  an  electro-chemical  deposit  of 
bthe  metal  on  the  original  piece  or  plate.  Sheet 
iriead  suits  admirably,  being  first  carefully  cleared 
f  of  oxide  on  its  surface,  then  smoothed  by  placing 
I  it  on  a  sheet  of  iron  under  a  press.    If  the 
ijobject  to  be  copied  be  laid  with  its  face  to  the 
■lead,  above  the  iron,  and  the  press  applied,  the 
■most  delicate  copy  of  the  object  -will  be  obtained. 
rWhere  the  object  cannot  be  submitted  to  such 
npressm-e,  other  methods  require,  of  course,  to  be 
Kmployed.    These  are  the  chief  metallic  moulds. 
IThe  non-metallic  consist  chiefly  of  sealing-wax, 
lisoft  wax,  compound  wax,  stearine,  paper,  plaster 
f  of  Paris,  and  sulphur.    The  latter  gives  veiy  ad- 
wnirable  copies  of  objects,  being  extremely  delicate, 
■but  the  moment  that  it  touches  the  precipitated 
wnetal,  it  is  apt  to  combine  with  it  and  form  a 
itenlphuret.    When  the  plaster  mould  is  obtained, 
lits  surface  must  be  covered  -with  something  me- 
■''ic,  in  order  that  it  may  become  a  conductor, 
is  layer  of  conducting  matter  requires  to  be 
:cessively  thin,  that  it  may  not  alter  the  relief 
f  of  the  object.    This  is  done  either  by  solutions 
ror  powders.    In  the  first  case,  the  surface  is 
•washed  with  a  solution  from  which  the  metal  is 
^deposited  either  by  the  agency  of  light  or  of  some 
^Vapour  or  gas,  which  takes  away  the  other  con- 
■rtituents  on  being  passed  over  the  surface.  Some- 
■times,  however,  this  leaves  fissures  on  the  moulds, 
•which  destroy  the  electric  conductibility,  so  that 
me  whole  lower  half  may  not  be  represented. 
Hence,  it  is  usual  to  powder  the  sm-face  rather, 
and  the  powders  generally  used  are  those  of 
copper  and  of  silver.    When  the  surface  of  the 
mould  is  to  be  of  glass,  it  is  necessary  to  cover 
>t  first  with  a  light  varnish,  that  will  lay  hold 
w  the  conductmg  powders.— We  shall  conclude 
'tie  article  by  a  brief  description  of  various 
applications  of  the  electrotype  process  to  the 
First.  The  reproduction  of  coins  or  metals, 
IS  done  in  three  ways.    1.  The  piece  is 
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directly  used  as  the  negative  pole,  after  neces- 
sary precautions  are  taken  to  prevent  cohesion. 
These  consist  in  passing  over  the  original  a 
very  thin  coating  of  some  greasy  substance,  as 
oil,  wax,  stearine,  suet,  or  the  like,  and  then 
taking  off  as  much  of  this  as  is  possible  by  suck- 
'ing  it  up  with  fine  linen  cloth.    There  is  obtained 
by  this  process  an  image  in  hollow,  which  is  again 
used  to  give  the  desired  fac-simile  of  the  original 
object.    2.  The  impression  of  the  piece  is  taken 
on  a  fusible  alloy,  so  that  the  first  electrotype 
operation  gives  the  desired  relief.    3.  The  im- 
pression is  taken  with  one  of  those  plastic  sub- 
stances which  have  been  before  specified.    In  all 
the  three  cases,  great  care  must  be  employed  to 
prevent  the  adherence  of  air-bubbles  to  the  moulds ; 
without  this  they  could  not  be  reproduced  in  all 
their  delicacy.    This  is  especially  troublesome 
when  they  consist  of  glass.    To  get  rid  of  this, 
the  piece  must  be  examined  after  it  has  been  for 
some  little  tune  in  the  solution,  and  lightly  heat- 
ed, to  dispel  and  disperse  them.    When  only  the 
one  face  of  the  medal  is  to  be  copied  the  other 
must  be  covered.    The  second  application,  to  the 
copying  of  seals  and  plaster-casts,  depends  on 
principles  perfectly  identical  with  those  last. 
Thirdly,  the  process  is  applied  to  statuettes  and 
bas-reliefs.   We  regret  exceedingly  that  our  space 
will  not  allow  us  to  describe  the  method  adopted 
by  Dr.  Fau  for  this  purpose.    The  fourth  appli- 
cation is  to  the  reproduction  of  fruits,  plants, 
vegetables,  &c.    In  fact,  the  actual  fruit  is  just 

covered  with  the  -finest  possible  layer  of  metal  

in  which  all  the  delicacies  of  nature  will  mani- 
festly be  retained,  and  fhen  its  moisture  is  ex- 
tracted first,  and  ultimately  the  whole  fruit.  We 
shall  not  do  more  than  allude  to  the  applications 
of  this  beautiful  art  to  the  purposes  of  the  founder, 
the  electro-metallurgist,  the  looking-glass  manu- 
facturer, the  engraver.  It  has  been  applied  also 
to  the  reproduction  of  photographs  and  daguerreo- 
t\-pes.  Assuredly,  in  the  triumphs  which  it  has 
already  accomplished,  there  is  the  highest  possible 
promise  for  its  future. 

Elements.  The  name  Elements,  is  given  in 
Astronomy  to  those  numerical  quantities  that 
enable  us  to  compute  the  place  of  any  planet  or 
satellite  in  the  Heavens, — in  other  words,  to 
compute  tlie  size  of  its  elliptic  orbit,  the  position 
of  that  orbit  in  reference  to  the  Ecliptic,  and  the 
position  of  the  planet  or  satellite  in  its  orbit  at 
any  given  time.  Tables  of  these  elements  as 
they  exist  for  different  epochs,  are  given  in  all 
good  treatises  on  Astronomy ;  and  the  mode  of 
using  them  is  familiar  to  every  instructed  Stu- 
dent. We  subjoin  a  general  Table  of  the  Ele- 
ments of  the  chief  Planets  and  Satellites  of  our 
Solar  System : — for  those  of  the  Asteroids,  see 
Asteroids.  Further  reference  to  details  of  the 
subject  will  be  found  under  the  names  of  tho 
several  Planets.  The  application  of  such  nu- 
merical data,  is,  of  course,  a  deduction  from  tiie 
theory  of  Gravitation. 
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Distance  fkom  Sun. 

Eccentricity. 

Sidereal 
Revolution 

Synodical 
Revolution 

Mean. 

Greatest. 

Least. 

in  Days. 

in  Days. 

Mercury . . . 

Earth  

Asteroids... 

Neptune . . . 

? 
$ 
0 

n 
¥ 

4^ 

•3870984 
•7233317 
1-000000 
1-523C91 

5-202767 
9-538850 
19-18239 
30-03627 

•4666927 
•7282636 
1-0167751 
1-G657795 

5-4:36G3 
10-073278 
20-07630 
30-29816 

•3075041 
•7183998 
•9832249 
1^3816025 

4-951871 
9-004422 
18-28848 
29-77438 

•205G178 
•0068183 
•0167761 
•0932528 

•0482235 
•0660265 
•04G6006 
•0087193 

87^9092824 
224-7007754 
365-2563744 
686-9794561 

4332-5848032 
10759-2197106 
30686-8206556 
60126-722 

115  877 
583-920 

779-836 

398-867 
378-090 
369-656 
367-488 

Mercury . 
Venus.... 
Earth  .... 

Mars  

Asteroids 
Jupiter... 
Saturn.... 
Uranus.. . 
Neptune , 


Lonff.  of 

Annual 

Perihelion. 

Variation. 

o     '  " 

II 

74  57  27-0 

4-  5-81 

124  14  25-6 

-  3-24 

100  11  27-0 

-11-24 

333   6  38-4 

-15-46 

11  45  32-8 

-{-  6-65 

89  54  41-2 

4-1931 

168   5  24 

4-  2^28 

47  17  58 

Longitude  of 
Ascending 
Node. 


46  23  55-0 
75  11  29  8 

48  16  18-0 

98  48  37-8 
112  16  34  2 

73  8  47-8 
130  10  12-3 


Annual  Inclination 
Variation,     of  Orbit. 


—  10-07 

—  20-50 

-25-22 

—  15-90 
-19-54 

—  36-05 


7  0  13-3 
3  23  31-4 

1  51  5-7 

1  18  42-4 

2  29  29-9 

0  46  29-2 

1  46  59-0 


Annual 
Varia- 
tion. 


Mean 
Daily 
Motion. 


4-  0-18  245  32-6 
-i-0-07 


—  0^01 

—  0^23 

—  0^15 
+  0-03 


Com- 
pres- 
sion. 


96  7-8 
59  8-3 
31  26  7 

4  59-3 
2  0-6 
42^4 
21-6 


1^ 


1 

^5 


1 

TT 
1 

1  o 
1 


Volume. 

Mass. 

Light  at 

Gra- 
vity. 

Bodies 
fall  in 
one 
second. 

Den- 
sity. 

Perllie- 
lion. 

Aphe- 
lion. 

1415225 

354936 

•250 

28-36 

456-6 

•0595 

•0729 

1.225 

10^58 

4^59 

0-48 

7-7 

•9960 

•9101 

•908 

1-94 

1^91 

0-90 

14-5 

1-0 

1^0 

l-O 

1-034 

0^967 

1-0 

16-1 

•1364 

•1324 

•972 

•524 

•360 

0^49 

7-9 

1491- 

338-718 

•227 

•0408 

•0336 

1  2-45 

39-4 

772-0 

101^364 

•131 

•0123 

•0099 

!  1-09 

17-6 

86-5 

14-251 

•167 

•0027 

•0025 

0-76 

12-3 

76-6 

18-900 

•321 

•0011 

•0011 

1-36 

21-8 

Sun  

Mercury . . 

Venus  

Earth  

Mars  

Asteroids.. 
Jupiter.... 

Saturn  

Uranus.. . . 
Neptune . . 


Time  of 
Rotation. 


Diameter. 


h.  m.  s. 

607  48  0 
24  5  28 
23  21  21 

23  56  4 

24  37  22 

9  55  26 
10  29  17 


Ap- 
parent. 

In  Miles. 

1923-64 

888,646 

6-69 

3,089 

17-10 

7,896 

7,926 

5-8 

4,070 

38-4 

92,164 

17-1 

75,070 

4-1 

36,216 

2-4 

33,610 

The  preceding  elements  are  for  the  beginning  of  1840,  except  in  the  case  of  Neptune,  for  1854. 

ELEMENTS  OF  THE  MOON. 

A.„,^  fiio  -RirHi    59-96435  Earth's  radii. 

Mean  distance  ^om  the  E^^^^     27-321661418  days. 

—  Sidereal  Revolution     29-530588715  --. 

—  Synodical  —   

—  Longitude,  January  1st,  1801  

    of  perigee  at  do  

  —  ascending  node  at  do  


  118°  17'  8"-3 

  266°  10'  7"-5 

  13°  53'  17"-7 

_  inclination rfarbit  :::::::::;;::;:::;:::::::::6798-27?d;^'s^^""^ 

—  revolution  of  nodes  

    —  perigee  

Eccentricity  of  orbit  ■.■.■.■.■.■.■.■.■.■.■.■.'.■.■.■.■.■.■.■.■.".2153  iniles". 

Diameter  oi  the  moon   .^^^^ 

Density— that  of  Earth  being  1  ■.■."..■.■.■.■.■.■.'.  .  .  .  .  .  .  -011399 

Mass  •  ' 
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.3232-575343  days. 
-0548442 
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ELEMENTS  OF  JUPITER  S  SATELLITES. 


Sidereal  Revolution. 

Distance 
in  Radii  of 
Jupiter. 

d.  h.  m.  s. 

1 

1  18  27  23-505 

6-04853 

2 

3  13  13  42-040 

9-62347 

3 

7    3  42  33-360 

15-35024 

4 

16  16  32  11-271 

26-99835 

Orbit  Inclined 
to  Jupiter's 
Equiitor. 


o  /  // 

0  0  7 

0  16 

0  5  3 

0  0  24 


DUMLTER. 

Mass, 
that  of  Jupiter 
being  1. 

Apparent. 

In  Miles. 

i-o'i5 

2436 

•000017328 

0-911 

2187 

•000023235 

1-488 

3573 

•000088497 

1-273 

3057 

•000042659 

ELE5IENTS  OF  SATURN's  SATELLITES. 


No. 

Sidereal  Revolution. 

Distance 
in  Radii  of 
Satm'n. 

Eccentricity. 

LonRitude  of 
Peri-Saturnium. 

Mean 
Longitude. 

Epoch. 

d.   h.  m.  s. 

o       /  // 

o      /  // 

1 

0  22  36  17-7 

3-1408 

•06889 

104  42  0 

264  16  36 

1789-706 

2 

0    8  53  2-7 

4-0319 

uncertain 

67  56  25 

1789-705 

3 

1  21  18  33-0 

4-9926 

•0051 

184  36 

158  31  0 

1836-308 

4 

2  17  44  61-2 

6-399 

•02 

42  30 

327  40  48 

1836-0 

5 

4  12  25  11-1 

8-932 

-02269 

95 

353  44  0 

1836-0 

6 

15  22  41  24-9 

20-706 

•029223 

244  35  30 

137  21  24 

1830-0 

7 

21    4  20 

25-029 

•115 

295 

32 

1849-0 

8 

79    7  54  40-8 

64-359 

269  37  48 

1790-0 

ELEMENTS  OF  URANUS'  SATELLITES. 


No. 

Sidereal  Revolution. 

Daily  Motion. 

Mean  Apparent 
Distance. 

Mean  Distance  in  Miles. 

1 
2 
3 
4 

Days. 
2-520315 
4-14397 
8-705866 
13-463263 

142-8°373 
86-8732 
41-35133 
2673943 

13'-54 
19-28 
31-44 
42-87 

119,994 
170,863 
278,627 
379,921 

ELEMENTS  OF  NEPTUNE'S  SATELLITE. 

Sidereal  Eevolution  ■,   5,1.  21h.  Om.  17s. 

Apparent  Mean  Distance  ,  16"-75 

True  Mean  Distance   232,000  miles. 

Orbit  Inclined  to  Plane  of  Ecliptic   29° 


Elevation.    It  is  now  recognized  among 
"legists  that  the  inequalities  of  the  earth's  sur- 
ace  are  mainly  owing  to  the  agency  of  some 
Grand  Elevating  Force  seated  at  a  gi-eater  or  less 
depth  within  its  mass.   What  that  Force  is,  what 
Its  origin,  and  in  what  manner  it  is  connected 
til  the  general  Physics  of  the  Globe,  are  prob- 
ems  whose  solution  lies  beyond  the  sphere  of 
-hi3  Dictionary :  but  as  with  Earthquakes,  the 
nenomena  of  Elevation  are  being  reduced  within 
e  sphere  of  Dynamical  Laws  ;  and  in  so  far  as 
ese  are  concerned,  it  is  necessary  that  we  glance 
in  this  place,  however  briefly,  at  the  remarkable 
and  most  interesting  subject.    The  true  dynamics 
ot  geology  owe  their  foundation  to  Mr.  Hopkins 
'>i  Cambridge.    Avoiding  all  ultimate  theories, 
''6  rests  simply  on  the  fact,  that  upheavals  do 
i.iKe  place  not  of  chains  of  mountaias  merely,  but, 
'IS  mvestigation  demonstrates,  of  vast  zones,  of 


which  these  ranges  are  the  mere  accidents ;  and 
the  question  is,  whether  by  aid  of  the  common 
laws  of  Force,  we  may  not  deduce  some  genera] 
features  necessarily  characterizing  all  such  dislo- 
cations of  the  earth's  crust?  Mr.  Hoplcins' 
inquiry — now  extended  over  several  highly  in- 
structive memoirs — has  three  special  di\'ision3. 
I.  The  simplest  case  of  elevation  is  that  in  which 
the  upheaving  force  is  limited  to  a  small  area — 
say  to  a  point  on  the  earth's  surface — its  iutensit}' 
diminishing  according  to  tlie  distance  from  that 
point.  The  upheaval  under  such  circumstances 
will  manifestly  be  confined  to  a  limited  circular 
region,  and  must  result  in  wliat  is  now  well  known 
as  a  crater  of  elevation.  The  splits  or  fissures  oi 
the  upraised  strata  will  probably  be  confined  to  a 
single  system — 11  system,  viz.,  of  long  radii  from 
the  central  point ;  or  there  may  exist  separately 
or  conjoined  with  the  former,  another  svstem 
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dividing  the  distended  soil  into  concentric  rings. 
Tlie  phenomena  attending  such  upheavals  had 
been  fulh'  discussed  previous  to  the  investigations 
of  Mr.  Hopkins,  by  Elie  de  Beaumont  and  Du- 
frenoy— perhaps  with  an  aim  at  too  high  nume- 
rical precision — in  their  interesting  memoirs  on 
the  volcanoes  of  central  France;  where  every 
attainable  elucidation  is  thrown  on  the  pheno- 
mena of  circular  elevations.  It  onglit  to  be  re- 
marked that  these  species  of  dislocations  seem  to 
have  prevailed  among  the  older  epochs  of  the 
history  of  the  earth :  and  certainly  it  has  affected 
most  abundantly  the  existing  surface  of  our  sa- 
tellite. II.  The  upheaving  force,  however,  instead 
of  being  confined  within  a  small  district,  may  be 
diffused  below  a  large  tract  or  zone :  and  the  sim- 
plest mode  of  considering  its  operation  in  this 
case,  is  to  neglect  the  shape  of  that  zone,  unless 
in  regard  to  its  two  dimensions,  length  and 
breadth.  Now,  if  such  a  zone  be  elevated,  it 
must,  during  the  whole  course  of  its  upheaval,  be 
stretcli£d,  or  subjected  to  tensions,  which  incline  to 
tear  or  split  it;  and  a  little  consideration  will  show, 
that,  (as  results  from  Mr.  Hopkins'  Geometry) 
these  tensions  must  reach  their  maxima  in  two 
directions ;  one  set  inducing  the  zone  to  split  in 
the  direction  of  its  length,  and  another  acting  at 
right  angles  to  these,  and  tending  to  produce  fis- 
sures along  the  zone's  breadth.  Without  going 
farther  then,  we  obtain  an  insight  into  the  phe- 
nomena of  transverse  valleys  uniformly  charac- 
terizing everj'  mountain  chain ;  and  the  reason 
is  seen  why  mineral  veins  are  generally  found 
associated  in  two  systems  at  right  angles  to  each 
other.  A  very  effective  attempt  is  made  by  Sir 
R.  Murchison,  in  his  recent  Memoir  on  Scandi- 
navia, to  explain  the  broken-out  lines  of  these 
northern  regions  hy  this  prolific  principle.  But 
if,  in  either  of  these  directions,  the  zone  yields  in 
more  than  one  place,  it  must  do  so  along  parallel 
lines.  The  direction  of  the  length  of  the  zone 
being  that  of  the  maximum  of  one  set  of  tensions, 
it  is  plain,  that  whether  the  zone  splits,  in  obe- 
dience to  these  tensions,  in  one  place  or  many, 
the  fissures  must  assume  that  direction,  and  no 
other ;  and  as  the  zone  must  here  be  supposed  of 
uniform  constitution,  it  is  much  more  likely  that 
several  cracks  wUl  take  place,  than  a  single  one. 
Nor  can  there  be  a  doubt  that  these  parallel  fis- 
sures mu<;t  occur  at  the  same  moment  of  time ;  for, 
on  the  occurrence  of  one  crack  by  itself,  the  ten- 
sion would  clearly  be  relieved;  and  the  only 
result  of  a  further  upheaval  would  be  the  mere 
•widening  of  the  first  crack,  which  is  now  a  Zme  of 
weakness.  Hence,  then,  the  frequency  of  the 
phenomenon  of  parallel  veins,  and  hence  their 
necessnrv  contemporaneity.  There  is  no  difficulty 
in  verifying  these  deductions,  in  all  the  aspects 
and  relations  of  mineral  veins,  faults,  «fcc. ;  and 
the  same  physical  principles  doubtless,  ovemile 
that  grand  series  of  dislocations  treated  by  Elio 
de  Beaumont.  It  appears,  then,  that  the  con- 
temporaneity of  parallel  chains  crowning  the  same 
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zone  of  upheaval  must  be  taken  as  absolute  and 
undeniable ;  but,  unfortunately,  there  are  two 
considerations  which  prevent  an  absolute  appli- 
cation of  the  principle ;  and  in  which  those  diffi- 
culties originate  that  are  so  emphatically  indicated 
in  De  Beaumont's  scheme  of  sj'Stems,  by  the 
existence  of  separate  groups,  of  widely  different 
ages,  but  with  corresponding  directions.  The 
first  source  of  ambiguity  is  in  th^  effect  of  suc- 
cessive shocks  of  elevation  undergone  by  the  same 
zone ;  for  though  these  can  create  no  new  fissure, 
but  would  simply  farther  elevate  the  mountain 
chains  resting  over  the  old  ones  ;  they  may  make, 
even  at  a  later  period,  fissures  belonging  to  the 
oldest  shock  visible  fur  the  first  time.  Mr.  Hop- 
kins clearly  demonstrates  that  th.  cracking  of 
ever)'  zone  begins  on  its  lowest  surface,  and  pro- 
ceeds upwards ;  and  as  it  is  perfectly  conceivable 
that  the  first  shock  may  not  have  completed  the  Ij 
split  in  many  cases,  or  caused  it  to  reach  the  sur- 
face, it  is  quite  consistent  with  theory,  that  sub- 
sequent shocks,  while  farther  elevating  the  masses 
protruded  through  many  splits,  may  suffice  to 
complete  others,  and  rear  over  them  a  mountain 
range,  not  referable,  in  so  far  as  dislocations  of 
the  neighbouring  strata  intimate,  to  the  epoch  of 
the  first  disturbance.  Mr.  Darwin  also  inquires 
what  might  be  the  probable  effect  in  strengthen- 
ing an  old  fissure,  of  long  intervals  of  rest,  during 
which  the  injected  rock  had  intertwined  itsdf 
with  the  other  beds  around  it  and  formed  with 
them  one  consolidated  mass  ?  "  Would  not,"  he 
asks,  "  the  crust  in  such  case  yield  more  readily  on 
either  flank,  as  I  believe  it  must  have  done  in  the 
Cordillera,  than  along  an  axis  composed  of  soli- 
dified rocks,  such  as  granite  and  porphjTj- ?" 
But,  besides,  the  law  only  holds  in  the  case  of 
mountain  ranges  belonging  to  the  same  zone ;  and 
there  seems  no  reason  to  believe,  considering  the 
extent  of  the  earth's  surface,  and  the  frequency 
of  these  oscillations,  that  different  zones,  with 
major  axes  corresponding  in  direction,  may  not 
have  been  acted  on  at  diflferent  epochs.  For  in- 
stance, A\dth  regard  to  that  immense  area  now 
undergoing  subsidence  in  the  coralline  re^ons  of 
the  Pacific,  is  it  not  probable  that  its  major  axis 
corresponds  in  direction  with  the  eastern  Alps 
and  Himalaya;  and,  therefore,  that  such  also 
will  be  the  direction  of  its  system  of  dislocations? 
It  is  far  from  improbable  that  the  groups  in  De 
Beaumont's  scheme,  which  correspond  in  direc- 
tion, but  differ  in  age,  demand  such  a  solution . 
and  that  this  is  the  information  they  give  us  re- 
garding the  History  of  the  Earth.  Like  all  appa- 
rent exceptions  to  simple  and  enlarged  traths. 
such  ambiguities,  while  checking  the  univcrsaUt.^ 
of  the  application  of  general  laws,  do  not  invali- 
date the  laws  themselves,  but  only  inform  u> 
better  of  the  circmnstances  within  which  thev 
have  operated.  III.  Mr.  Hopkins  next  sun-eyc  i 
a  wise  in  which  the  resulting  phenomena  migln 
be  supposed  modified  by  the  shape  of  the  \xy< 
raised  surface ;  and  probably  his  application  pi 
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general  principles  to  the  specialties  of  the  ^^'onl- 
^en,  is  as  complete  a  triumph  as  any  inquiry  of 
this  kuid  can  be  exjiected  to  accomplish  in  theo- 
retical geology.  The  deductions  having  quite 
outnm  observation,  Mr.  Hopkins  re-surveyed  the 
\Vcalden,  with  a  view  to  the  detection  of  its 
dislocations;  and  his  theoretical  chart  might 
almost  be  taken  as  an  accurate  map  of  the  country. 
Xow,  in  this  application  of  the  theory,  there  is 
an  achievement  quite  beyond  any  mere  probable 
explanation  of  the  law  of  parallelisnu  This 
law,  although  still  the  prevailing  one,  is  interfered 
with  and  subjected  to  great  modifications  by  the 
shape  of  the  district — modifications,  however,  of 
a  fixed  and  determinate  nature,  flowing  from  the 
same  actions  which  caused  the  law  of  parallel- 
ism itself ;  and  every  predicted  deviation  of  the 
lines  of  fissure  or  dislocation  from  rectilinearity 
and  accurate  parallelism,  as  well  as  every  pre- 
dicted new  relation  of  the  transverse  lines  to  the 
longitudinal  ones,  agrees — to  an  exactness  alto- 
gether remarkable — with  the  facts  elicited  by  a 
careful  scrutiny  of  the  region. 

1<:ievation  (Angle  of).    See  Depression. 

Klioiination,  a  process  so  important  and 
comprehensive,  that  it  may  be  said  to  constitute 
the  whole  of  analysis.  Every  research  in  ana- 
lysis ma}-,  indeed,  be  put  under  the  form  of  a 
problem  to  be  resolved.  Equations  between  cer- 
tain quantities  are  presented — portions  of  which 
are  knovm,  the  others  unknown, — the  values  of 
these  last  being  the  qncesita.  Now  the  object  of 
analysis  is  to  extract  the  required  value  from 
these  equations;  in  other  words,  to  eliminate  the 
(luantities  that  at  first  rested  unknown.  Until 
comparatively  recently,  the  methods  of  elimina- 
tion were  simple,  elementary,  and  often  only 
tentative :  the  subject  has  now  grown  into  a 
large  and  profound  theory,  containing  within  it 
some  of  the  subtlest  speculations  of  the  modem 
Algebra.  In  our  article  Equations,  certain  of 
the  more  interesting  portions  of  this  inquiry,  have 
been  exposed ;  but  space  would  not  permit  a  full 
appreciation  either  of  its  extent  or  remarkable 
generality.  Under  Polynomb,  we  shall  give  as 
detailed  and  satisfactory  an  account  as  the  nature 
ot  this  work  will  allow,  of  several  researches 
of  the  modern  Algebra,  such  as  Determinants, 
with  which  the  theory  of  elimination  is  now 
intimately  connected;  and  very  fainlv  would  we 
have  entered  in  this  place  on  a  special  and  sys- 
tematic glance  over  the  whole  subject.  This, 
however,  is  rendered  impossible,  in  the  meantime, 
by  other  exigencies  of  this  work;  and,  although 
raost  unwillingly,  we  must  simply  refer  the 
student  to  such  work.s  as  the  Alrjehre  of  Lebefure 
de  Fourcy,  of  Bourdon  (latest  edition),  ot  Serrel. 
«c.,  and  more  particidarly  to  the  distinct  and 
very  able  treatise  of  Fah  de  Bruno.  The  only 
substitute  we  can  at  present  offer  is  a  mere  enu- 
meration of  the  contents  of  Bruno's  volume; 
these  contents  will  at  least  indicate  the  sphere, 
and  show  the  boundaries  of  the  doctrine  of  elimi- 
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nation  as  it  is  now  understood.  Bruno  arranges 
his  treatise  into  three  great  chapters,  whose  sub- 
divisions are  mainlj'  as  follows: — I.  Theory  ok 
Elimination  from  two  Equations.  (1.)  On 
Symmetrical  Functions  of  the  Roots  and  their 
Properties.  (2.)  Elimination  of  the  Variable 
from  two  Equations  with  one  Variable. — Defini- 
tion of  the  resultant ;  different  modes  of  elimina- 
tion by  aid  of  symmetrical  functions  of  the  roots; 
methods  by  which  the  resultant  is  sought  for  as 
that  of  a  system  of  linear  equations ;  method  of 
the  greatest  common  divisor;  methodof  Bezouf ; 
method  of  finding  the  resultant  by  considering  it 
as  the  discriminant  (see  Polynome)  of  a  function 
of  the  second  degree;  formation  of  polynomial 
multipliers.  (3.)  Properties  and  Uses  of  the 
Resultant. — II,  Theory  of  Elimination  ix 
the  case  of  three  Equations  with  two 
Variables.  (1.)  Properties  of  the  Solutions 
common  to  two  Equations  with  two  Variables. — 
Number  of  common  solutions ;  degree  of  the  final 
equation  when  the  two  equations  are  not  cano- 
nical; method  of  Liouville  for  developing  an 
implicit  function  into  series ;  calculation  of  sym- 
metrical functions;  theorem  of  Jacobi.  (2.) 
Elimination  of  the  Variables  from  three  Equations 
with  two  Variables. — The  resultant  formed  by 
means  of  symmetrical  functions ;  method  of  Be- 
zout;  method  of  Sylvester.  —  III.  General 
Theory  of  Elimination.  (1.)  Properties 
relative  to  Common  Solutions. — Symmetrical 
functions  of  common  solutions ;  theorem  of  Betti ; 
Bezout  on  the  degree  of  the  final  equation ;  me- 
thod of  Liouville;  theorem  of  Jacobi;  number  of 
independent  solutions.  (2.)  Research  and  For- 
mation of  the  Resultant. — Formation  of  the  resul- 
tant by  aid  of  symmetrical  functions;  method  of 
Bezout;  method  of  Sylvester.  (3.)  Properties  of 
the  Resultant. — If  the  English  student  can  learn 
nothing  else  from  the  foregoing  bald  list  of  con- 
tents, he  may  at  least  learn  this — how  wrong  it 
were  for  him,  in  the  present  condition  of  science, 
to  rest  satisfied  with  a  knowledge  of  what  once 
passed  current  as  an  account  of  the  Theory  of 
Elimination. 

KlUpse.  One  of  the  well  known  conic  sec- 
tions. Unlike  the  parabola  and  the  hyperbola,  it 
is  a  re-entering  curve :  on  one  side  its  limit  is 
the  circle,  on  the  other  the  parabola.  Theequar- 
tion  of  the  ellipse  referred  to  its  centre  is — 

.+—  =  1, 

a  0- 

where  a  and  b  are  the  major  and  minor  semi- 
axes.  The  student  should  consult  Salmon''s  Conic 
Sections. — Of  course  it  is  universally  known, 
that  the  ellipse  is  the  curve  in  which  our  plaaets 
move. 

Ellipsoid.  If  we  imagine  an  ellipse  to  re- 
volve round  either  its  major  or  minor  axis,  and 
suppose  that  each  successive  ellipse  so  formed  in 
space  be  marked  down,  the  resulting  surface  will 
be  what  is  called  a  spheroid.  As  we  have  already 
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nocn  that  every  circle  is  a  sort  of  ellipse,  tlie 
spheroid  is  a  kind  of  ellipsoid.  As  the  earth  is  of 
a  spheroidal  form  (Figure  of  Earth),  the  pro- 
perties of  the  spheroid,  and  of  its  generic  surface 
the  ellipsoid,  are  of  the  greatest  physical  im- 
portance.  The  tecluiical  expression  for  the  ellip- 
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soid,  referred  to  its  centre  is  —  4-  -i-  +  —  =  1. 

ElSiptscity.  The  proportion  which  the  ex- 
cess of  the  larger  semi-axis  of  an  ellipse  over  the 
smaller,  bears  to  this  smaller  axis.  It  is  not 
the  same,  therefore,  as  the  eccentricity.  Its  value 

as  technically  given  is  — • 

Elongation  (^Angle  of).  The  angle  measur- 
ing the  distance  between  two  stars  as  seen  from 
the  earth.  It  is  the  angle  made  by  the  lines 
drawn  from  the  eye  to  each  star  respectively. 
Custom  applies  it  only  to  the  case  of  bodies  in 
the  solar  system ;  and  still  further  confines  it,  in 
almost  every  case,  to  a  planet  and  the  sun.  We 
thus  spealc  of  the  elongation  of  IMercury, — i.e., 
its  distance  from  the  sun,  and  instead  of  the 
elongation  of  two  fixed  stars  or  planets,  we  use 
the  word  "  distance." 

Emersion.  The  reappearance  of  one  hea- 
venly body  from  behind  another  after  an  eclipse 
or  occultation. 

Enipii-ical  I^aw,  If,  on  the  contemplation 
of  a  number  of  separate  facts  connected  with  the 
same  subject,  the  inquirer  discerns  some  external 
relationship  expressible  by  a  simple  term  or  pro- 
position, that  term,  or  theorem,  is  called  the 
Empirical  Law  of  these  facts.  For  instance, 
Bode's  Law  of  the  Distances  of  the  Planets  from 
the  Sun,  would,  were  it  correct,  be  an  Empirical 
Law :  in  the  same  way  in  Physics,  multitudes 
of  facts  are  connected  and  expressed  by  general 
terms,  or  Empirical  Laws.  These  Laws  may 
be  termed  the  rudest  and  rudimentary  steps  in 
the  process  of  generalization ;  and  they  often 
lead  to  the  discovery  of  Higher  Laws,  or  Laws 
that  connect  the:  whole  range  of  subordinate 
phenomena  with  some  wider  scheme  of  sequences. 
These  latter  laws  appear  causative:  the  former 

never  are  so  Empirical  Laws  may  frequently 

be  most  easily  detected  by  Graphic  Methods, 
to  which  article  the  student  is  referred. 

Energy. — Energetics.— IhQ  term  Energy,  in 
its  larger  and  only  true  sense,  is  the  capacity  to 
effect  changes ;  and  if  any  general  laws  can  be 
predicated  of  Energj'  as  such,  these  laws  must  be 
applicable  to,  or  dominate  over,  every  branch  of 
Pln  sical  Science,  and  express  the  order  and  mode 
in  which  changes  are  eftccted.  Hence  the  idea 
of  a  pure  and  abstract  Science  of  Energetics— -a. 
science  which,  if  constituted,  would  be  the  high- 
e,«t  abstraction  or  generalization  attainable  ni 
physical  research.  For  the  first  attempt  to  lay 
the  basis  and  sketch  the  probable  course  of  such 
a  generalization,  science  is  indebted  to  Jlr.  IMac- 
quom  Eankine,— a  sketch  which  must  be  rauke-l 


among  the  most  important  of  our  numerous  and 
emphatic  indications,  that  Physical  Science  is 
about  to  enter  on  a  fresh  and  vigorous  career. 
The  reader  is  earnestly  referred  to  a  jtajjer  on  the 
Science  of  Energetics  in  the  Edinburgh  Philoso- 
jyhical  Journal  for  July,  1S55.  See  also  Hi;at 
and  Potential. 

Engine.  A  name  given  to  a  mechanical 
contrivance,  by  which  any  physical  power  is 
applied  to  produce  any  given  phj'sical  effect. 
The  difference  between  the  words  engine  and 
raachine,  is  not  at  all  a  definite  one :  oftenest  the 
words  are  used  indiscriminately.  For  a  notion 
of  certain  general  theoretical  principles  applicable 
to  the  construction  and  plaj'  of  Engines,  see 
Machines. 

Engine,  Air.     See  AlR  ExGlNE. 

Engine,  Calculaling.  We  shall  speak 
briefly  in  this  place  of  that  class  of  macliines 
which  have  been  proposed  for  the  execution  of 

calculations  and  other  mathematical  operations  

It  is,  of  course,  wholly  impossible  to  endow  any 
mechanism,  however  ingenious,  with  the  power 
of  thought,  or  the  ability  to  originate :  but  with- 
out intrenching  on  this  inaccessible  sphere,  there 
are  duties  no  less  extensive  than  onerous,  which 
it  quite  falls  within  the  scope  of  mechanical 
contrivance  to  perform.  Let  an  operation  be 
definite,  or  have  a  fixed  order,  then — no  matter 
for  its  complexity — we  have  seen  enough  to 
know,  that  some  combination  of  motions  and 
processes  may  be  imagined,  that  might  under- 
take and  determine  it:  the  results  of  existing 
manufacturing  genius  should  establish  that  there 
is  at  least  nothing  wonderful  in  the  conception, 
that  an  engine  can  be  contrived  capable  of 
relieving  the  scientific  inquirer  of  much,  if  not 
of  all  that  tedious  but  pure  manipulation  with 
figures,  in  which  his  time  and  energies  are  at 
present  so  largely  consumed.  Eecently,  for 
instance,  we  have  had  a  verj'  successful  Arith- 
mometer, by  M.  Thomas,  of  Colmar,  by  which 
all  ordinary  arithmetical  calcidations  are  exe- 
cuted without  fatigue  to  the  operator :  and 
again,  the  machine  just  exhibited  before  the 
Royal  Society,  by  M.  M.  Scheutz,  Avhich — rest- 
ing on  the  principle  of  Differences — is  able,  on 
the  turning  of  a  wheel,  to  give  the  successive- 
terms  of  any  series,  whose  law  may  be  confided 
to  it.  The  machme  of  these  very  excellent 
Swedes  likewise  prints  a  large  part  of  its  results, 
and  thus  still  further  provides  for  the  accuracy 
of  its  tables.  But  while  giving  all  honour  to 
these  and  other  gentlemen,  it  were  equally  un- 
just and  unbecoming  to  refrain  from  naming  as 
the  instigating  and  guiding  genius  in  this 
remarkable  career — our  countryman,  Mr.  Bab- 
bage.  Jlr.  Babbage's  achievements — not  pro- 
jected merely,  although  not  yet  realized  achieve- 
ments— are  twofold.  I.  In  the  first  jilace  he 
jierfectcd  a  Difference  Engine  of  very  coniprehen- 
si\-e  powers.  On  referring  to  our  short  article 
on  DiFFiiUKSCES,  the  reader  may  have  it  re- 

16 


i 


ENG 


ENG 


illed  to  him,  that  any  series — be  the  relation 
liting  its  terms  as  complex  as  it  may — will  in 
le  end  yield  a  certain  order  of  Differences  that 
lall  be  0.    The  complicacy  of  the  relationship 
Lrely  affects  the  wder  of  those  differences 
N\  hich  becomes  0 — the  more  complex  the  rela- 
lioiisliip,  the  hiyhef  that  order.     Now,  Mr. 
liabbage's  enterprise  was  this, — he  undertook  to 
ustriict  an  engine  cajiable  of  managing  series 
complex,  that  the  differences  of  its  terms  do 
n  t  reach  zero  until  we  ascend  to  the  seventh 
.'i  Jsr:  or  in  analytical  language,  he  undertook 
til  numage  the  integral,  defined  by  the  equation 

a'  Ip  2=0. 

id  this  holds  where  (f> .  s  contains  no  power  of 
..  van.ible  higher  than  the  sixth;  or  when 
ip.z  =  a-\-hx-\rCx'''-\-dx^-\-ex*-\- 

lj.\An  immense  range  of  nautical  and  astronomical 
atables  lies  withui  the  limits  now  defined ;  but, 
K  still  further,  while  an  engine  with  such  capa- 
^ibilities,  commanded  everything  within  its  grasp 
Kaccurately  and  completely',  it  also  tabulated  ap- 
riproximatively,  or,  between  intervals  of  greater 
ror  less  extent,  any  series  whatsoever,  that  could 
ybe  treated  by  the  Method  of  Differences.  Ee- 
5,-ferring,  again,  to  our  short  article  on  Differ- 
LENCES,  the  student  wll  see  that  the  hope  to 
iu  succeed  in  such  an  enterprise,  how  novel  soever 
it  appeared,  was  not  chimerical :  it  rested  on  this 
only,  that  an  engine  could  be  made  capable 
of  performing  at  command  all  operations  of 
:    addition.    The  chasm  between  the  idea  and  the 
realization  of  it,  is  in  this  case  vast  indeed ;  but 
vre  believe  that  it  has  been  universally  conceded, 
that  all  practical  difficulties  had  yielded  to  the 
genius  of  Mr.  Babbage.— II.  During  the  pro- 
cess of  the  construction  of  the  Difference  Engine, 
Mr.  Babbage's  views  enlarged — probably  in  so 
far  through  his  growing  familiarity  with  the 
capabilities  of  machinery ;  and  a  new,  and  much 
more  gigantic  conception  arose  before  him  in 
perfect  definiteness.    If  an  engine  could  be  con- 
structed to  perfonn,  at  command,  the  process  of 
addition,  no  reason  seemed  to  exist  why  one 
might  not  perform  the  whole  of  the  elementary 
changes  to  which  quantity  can  be  subject,  viz. 
fxldition,  subtraction,  midtijilication,  and  division. 
But  all  changes  that  can  be  produced  on  quantity, 
in  other  words,  any  development  to  which  quan- 
tity can  be  subject,  are  mere  combinations  of 
these:  so  that  an  engine  capable  of  performing 
tiicse  at  command,  might  become  an  instrument 
t"  execute  any  development  whatsoever.  And 
•>uch  an  instrument  is  the  proposed  Analytical 
tngme.    Without  stopping  to  describe  the  ma- 
•huiery,  we  shall  take  it,  as  a  fact  accepted 
I  vcrj-where,  that  Mr.  Babbage  devised  the  means 
<'t  executmg  directly  all  elementary  operations. 
And  the  next  requisite  was,  that  he  should  be 
■it'le  to  cause  his  engine  perform  all  these,  accord- 
'iig  to  any  special  order,— ur  what  is  the  same 
t"ii!g,  to  develop  any  function  whatsoever,  whose 
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law  of  development  is  ascertained  and  fixed.  To 
obtain  a  clear  conception  of  the  mode  in  whiclj 
he  realized  this  object,  it  is  necessary  that  tlie 
reader  have  in  his  mind  a  distinction,  already 
of  vast  value  in  Analytic  Science,  and  exem- 
plified everywhere  iu  our  industrial  mechanisms 
— the  distinction,  viz.  between  the  operations  to 
be  perfonned,  and  the  quantities  or  substances 
operated  on.  An  operation,  is  the  method,  or 
the  law  according  to  which  some  object  or  ma- 
terial is  to  be  changed ;  and  is  perfectly  distinct 
from  consideration  of  the  material  or  object 
itself.  Can  an  engine  be  made,  then,  so  that  it 
be  adjusted  to  the  performance  of  any  order  of 
operations,  however  complex, — so  that,  what- 
ever its  abstract  capacities,  it  may,  at  any  time, 
be  constrained  to  work  according  to  some  fixed, 
law  or  order,  to  the  exclusion  of  every  other  ? 
Suppose  the  zero,  or  neutral  state  of  the  Analy- 
tical Engine,  to  be  a  mere  expression  or  posses- 
sion of  capability  to  execute  all  the  elementary 
and  essential  changes  on  quantity,  can  it  be 
adjusted  to  perform  these  according  to  a  fixed 
law,  or  what  is  the  same  thing,  to  develop  any 
Junction  ?  The  answer  has  been  practically 
given  by  the  Jacquard  Loom.  In  this  case, 
the  cards,  oblige  a  machine,  in  which  there 
really  is  a  latent  power  to  work  any  pattern — 
to  work  out  one  particular  pattern :  and  Mr. 
Babbage  saw,  that,  in  the  same  way,  a  peculiar 
and  appropriate  set  of  cards  of  operation  might 
compel  the  calculatmg  machine,  to  act  for  the 
time,  according  to  one  certain  fixed  law  and  no 
other.  The  wonderful  results  of  the  Jacquard, 
illustrate  the  amazing  comprehensiveness  of  this 
principle ;  and  it  may  further  assist  our  con- 
ceptions if  we  liken  the  numerical  or  other 
quantities,  which  form  the  subject-matter  of  the 
functioirs,  to  the  material  on  which  the  Jac- 
quard mechanism  works.  These  numbers,  or 
subjects,  are  introduced  into  the  Analytical  En- 
gine by  arrangements  quite  independent  of  those 
which  regulate  the  operations  to  which  they'  are 
to  be  subjected :  the  two,  in  fact,  work  inde- 
pendently, although  harmonizing  throughout ; 
and  the  result  of  the  two  is  the  reproduction  of 
the  matter, — introduced  in  a  raw  state — in  the 
shape  of  cloth  with  the  pattern  woven.  It  is 
clear,  too,  that  the  matter  or  things  acted  on 
need  not  be  numbers:  such  an  engine  could  over- 
take any  problem  concerning  objects  whose 
natural  fundamental  relations  can  be  expressed 
by  the  relations  -|-,  — ,  X,  and  : — for  in- 
stance, if  the  fundamental  relations  of  pitched 
sounds  were  susceptible  of  any  similar  expres- 
sion, the  Engine  would  be  capable  of  weavimi 
elaborate  and  scientific  pieces  of  nuisic  of  anv 
degree  of  complexity  or  extent. — On  the  detaib 
of  the  mechanism  of  the  Difference  Engine,  tlie 
reader  will  find  a  very  instructive  paper  in  the 
Edinburgh  Review  for  July,  1834;  and  a  much 
more  comprehensive  and  generalized  descrijition 
of  both,  in  an  exceedingly  precise  memoir  by  M. 
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Menabrea,  of  Turin.  A  translation  of  this  me- 
moir, accompanied  ivitli  very  remarkable  notes, 
from  the  pen  of  the  late  Lady  Lovelace — Lord 
Byron's  accomplished  Ada — appeared  in  the 
third  volume  of  Taylor's  Scientific  3Iemoirs. — 
It  were  uiijustiliable  to  conclude  even  this  brief 
notice,  without  an  expression  of  profound  regi-et 
that  circumstances  of  any  Idnd  sliould  have 
induced  Government  to  suspend  the  realization 
of  great  worlds  like  the  foregoing, — works  ^vhich 
ii  Government  alone  could  realize,  and  of  which 
any  Government  might  well  be  proud.  It  is 
gratifying  to  notice,  that  in  a  spirit  of  fullest 
justice  to  IMr.  Babbage,  and  under  deep  sense  of 
the  public  importance  of  what  is  at  issue,  Lord 
Kosse  took  occasion,  on  his  vacating  the  chair  of 
tlie  Royal  Society,  to  make  a  reclamation  on 
the  subject,  which  every  scientific  man  will  join 
in  hoping  may  have  its  deserved  success. 

fliigiiie,  liocoinotivc.    See  Locomotive 
Engine. 

Engine,  .^:enm.    See  Steam  Engine. 
Xliiginc,  Tlicreno-dyuaiuic.    See  Heat, 
§  22,  &c. 

Engineering.  That  department  of  science 
which  maj'  be  termed  the  Science  of  Engineer- 
ing, is  defined  most  accurately  as  follows. 
Every  one  conversant  with  mechanics,  knows 
that  the  abstract  truths  of  Statics,  Dynamics, 
&c.  cannot  be  represented  in  any  actual  case  of 
equilibrium  or  in  the  working  of  any  machine : 
in  no  case  in  nature,  for  instance,  do  we  find  a 
pure  mathematical  line  or  circle;  so,  likewise, 
in  no  case  do  we  find  the  perfect  expression  of 
pure  or  rational  mechanical  truth.  And  the 
cause  is  this : — instead  of  working,  in  nature, 
with  ideas,  or  hypotheses),  we  work  with  materials 
having  certain  properties  or  qualities  of  their 
own ;  and  it  is  only  through  these  instruments, 
with  their  peculiar  and  essential  qualities  or 
characteristics,  that  Static  or  Dynamic  theorems 
can  be  presented  in  practice.  It  becomes,  there- 
fore, a  question  of  the  last  importance,  in  what 
manner  must  these  qualities  of  our  instruments, 
modify  the -action  of  om-  pure  theorems ;  and 
how  must  we  take  account  of  such  inevitable 
modification,  before  applying  these  theorems? 
The  reply  to  which  question  is  the  end  and  aim 
of  the  true  Science  of  Engineerinrj.  Unfortu- 
nately, it  cannot  be  said  that  any  such  Science 
has  hitherto  been  methodized;  altliougli,  in  the 
constructions  and  mitings  of  our  famous  en- 
gineers and  architects,  there  are  abundance  of 
valuable  contributions  towards  its  various  de- 
partments. The  object  of  the  present  Cych- 
pcedia  does  not  expressly  include  this  wide 
sphere  of  inquiry ;  and  it  is  to  be  hoped  that  the 
publisher  may  be  induced  to  undertake  as  a 
separate  and  express  work— the  Cyclopcedia  of 
Practical  Mechanics  and  Engineering.  Never- 
theless, it  is  not  possible  to  draw  an  absolute 
line  of  demarcation ;  and  certain  considerations 
more  suitable  to  the  other  work,  are  touched, 
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under  such  articles  as  Elasticity,  Force, 
Friction,  Machine,  Rotation,  Strength  op 

Materials,  &c.  &c  There  are  now,  among 

most  civilized  nations,  regular  and  organized 
corps  of  scientific  men  pursuing,  in  various 
ways,  tlie  calling  of  engineers, — such  as  Ar- 
chitects; Civil  Engineers;  Military  Engineers; 
Engineers  of  Mines,  of  Roads  and  Bridges,  Rail- 
ways, &c.  &c. 

£pact.  The  number  of  days  after  the  be- 
ginning of  the  year,  when  the  new  moon  takes 
place.  It  is  used  in  all  our  almanacs  for  this. 
Suppose,  for  example,  12  be  the  epact  of  this 
3'ear,  then  the  new  moon  will  come  on  the  12th  of 
January,  and  by  addmg  29  and  30  alternately, 
we  get  the  dates  of  all  the  new  moons  throughout 
the  year  thus.  Then,  for  next  year,  we  add  11 
to  12,  because  11  is  the  difference  of  the  days  in 
the  year  365,  and  the  days  of  the  12  lunar 
months  354,  We  obtain  thus  23  as  the  epact 
for  next  year.  Add  another  11  and  we  get  84. 
Now,  if  the  first  lunar  month  of  that  year  be  to 
be  taken  as  30  days,  then  4  (34 — 30)  will  be 
the  epact,  and  so  on.  For  the  year  immediately 
succeeding  leap  year,  we  must  add  12  (3GG — 

354)  The  system  of  epacts  has  many  curious 

and  somewhat  puzzling  details  which  we  do  not 
require  to  describe.  It  is  chiefly  in  use  for 
determining  the  date  of  Easter  and  of  the  church 
festivals  depending  on  it.  It  is  of  Greek  origin. 
A  very  interesting  account  of  it  wiU  be  found  in 
Delambre  (^Astronomie  Modeime,  i.  4-32). 

Ephcmeris.  A  species  of  almanac  of 
extensive  use  to  navigators  and  astronomers. 
To  the  former  it  is  a  matter  of  the  utmost  impor-  i 
tance  to  determine  their  exact  position  on  the  I 
globe.  He  can  do  this,  as  we  shall  see  (Longi- 
tude and  Latitude),  by  sextants,  chronome- 
ters, and  other  methods  of  direct  observation. 
But  all  of  these  are  liable  to  very  mauy  errors, 
and  require  to  be  corrected  one  by  the  other, 
leaving  no  complete  certainty  on  the  mind  after 
all.  His  Ephemeris,  or  as  in  this  country  it  is 
more  commonly  termed  Nautical  Almanac,  tells 
him,  however,  the  exact  position  for  every  hour 
of  every  day  of  most  of  the  heavenly  bodies, 
gives  him  the  exact  moments  of  eclipses  of  satel- 
lites, the  amounts  of  lunar  distances,  &c.  &c.  for 
the  standard  position— that  of  the  Greenwich 
observatory  in  this  country.  He  observes  them 
from  his  own  position,  and  calculates  it  from  the 
observation.  For  the  astronomer  it  is  equally 
important.  Many  phenomena  can  now  be  so 
calculated  that  we  shall  thus  know  them  better, 
than  we  can  hy  observation.  They  depend  upon 
general  laws  admitting  of  mathematical  state- 
ment, and  therefore  we  can  infer  the  exact  datf 
of  the  phenomenon,  the  true  position  in  which  ii 
will  place  some  visible  object,  and  such  like. 
The  knowledge  of  this,  as  directing  the  astrono- 
mer when  to  observe,  and  how,  would  be  of  verA 
great  importance,  but  it  becomes  of  still  greatei 
importance  in  another  light.    He  does  actually 
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serve  the  phenomenon,  under,  for  example, 
L-  disturbing  influence  of  refraction.    He  gets 
0  exact  position  calculated  mathematically 
im  his  almanac,  and  he  finds  the  apparent 
jition  from  his  observation.    The  difference  of 
lie  two  is  due  to  this  influence  of  refraction,  and 
10  tabulates  that.    From  a  series  of  such  obser- 
uions,  he  can  find  the  laws  which  that  influence 
llows,  and  can  correct  those  observations  which 
innot  be  predicted,  in  which  this  same  disturb- 
influence  operates,  so  as  to  an-ive  at  the  true 
phenomenon  which  he  wishes  to  observe.  If, 
:s  is  often  the  case,  in  any  given  observation  on 
ho  phenomena  calculated  by  the  almanac,  several 
luses  of  error  act,  the  resultant  difference  will 
due  to  them  all,  and  he  will  have,  after  tabu- 
liing  these  differences,  to  adopt  the  method  of 
EujiiNATioN  {q.v.)  to  arrive  at  the  values  of 
ach  by  itself.    The  French  nautical  almanac, 
r  Connaissance  des  Temps,  is  the  best  Imown  of 
.  i  foreign  ones. 

Epicycle.  The  notion  that  uniform  and 
cular  motion  inheres  in  all  bodies  so  grand  as 
le  celestial  ones,  was  a  source  of  considerable 
rouble  to  the  ancient  astronomers.  They  re- 
olved  to  cling  to  it  whatever  came  of  it; 
md  they  had  to  make  some  artificial  physical 
lypothesis  to  support  its  credit.  One  dis- 
repancy  has  been  already  accounted  for  (see 
eccentric),  but  a  greater  remained.  It  was 
^nmd  by  very  ordinary  observation,  that  the 
lanets  appear — mstead  of  moving  in  a  circle — 
n  fact  to  move  in  a  very  extraordinary  line 
vithout  any  apparent  regularity.  The  in- 
eutive  Greek  mind  surmounted  the  difficulty 
a  this  way.  The  planet  moves  in  a  regular 
circle,  the  centre  of  which  regular  circle  moves 
miformly  and  cu-cularly  itself  round  the  ec- 
■entric  {q.v.')  in  which  we  are.    Thus  (see  fig.) 

the  planet  p 
may  move  in 
the  small  cir- 
cles indicated, 
the  centres  of 
which  circles 
move  along 
the  larger  cir- 
cle dh.  Here, 
though  the  ge- 
neral motion 
of  the  planet 
be  unques- 
tionably for- 
ward, we  can 
still  under- 
stand how  at 

fne  tmie  it  should  take  a  turn  backwards  and 
•gain  progress,  then  gpiSrward  more  rapidly,  then 

l^A-  '°  ^""^  '"^y  change,  at  once 

ne  direction  and  velocity  of  its  motion,  in  all 
BViagmable  ways,  simply  by  a  proper  adjust- 

■t^i    ,       ^'^^  °^  ^^^^        motions,  viz., 
tue  planet  ui  the  cu-cumference  of  the  small 
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circle,  and  of  the  centre  of  that  circle,  along 
the  circumference  of  the  largo  one.  The  figure 
will  show  a  case,  where  a  general  forward 
motion,  from  o  to  o'  will  appear  to  the  spec- 
tator at  E,  to  be  in  reality  a  backward  motion 
from  p,  where  the  planet  really  is  at  the  time 
that  the  centre  is  at  o,  to  p'  where  it  is  when  the 
centre  is  at  o'.  All  varieties  of  motion  might 
be  similarly  produced. 

Epoch.  The  date  of  some  memorable  event 
in  the  history  of  the  world,  from  which  nations 
reckon  their  time ; — the  commencement  of  an 
Era.  The  Christian  era  commences  at  the 
epoch  of  Christ's  birth ;  and  tlie  Blohammedan, 
at  the  date  of  the  Hegira. 

Equation,  Siflrcrciitlal  (TechnicaV).  The 
theory  of  diflferential  equations,  is  an  exten- 
sion of  the  integral  calculus,  in  which  it  is 
required  to  find  the  function  whose  differential, 
with  regard  to  a  variable,  is  known.  In  some 
cases  we  have  given,  the  differentials  of  higher 
orders,  the  second,  third,  fourth,  &c.,  and  we 
are  required  to  find  the  function  con-esponding. 
The  subject  has  not  been  yet  so  fuUy  considered 
as  it  ought  from  its  importance.  A  differential 
equation  is  expressed  in  such  a  form  as  this, 

d^ 
dx» 


-"'+dx-  ' 


where  y  is  a  function  of  x. 


which  it  is  required  to  discover.  In 


dx 


:x  we 


have  a  problem  of  the  integral  calculus — a  mere 
case  of  this.    See  Caxculus. 

Equation,  liunav.  A  perturbation  of  the 
moon.    See  Lunae  Theory. 

Equation  of  Centre.    The  motion  of  the 
earth  round  the  sun  is  seen  by  us  exactly  as  if 
it  were  an  equivalent  motion  of  the  sun  round 
the  earth.    If  the  earth  moved  round  the  sun 
with  a  uniform  circular  motion,  we  would  sup- 
pose the  sun  to  do  the  same  round  the  earth. 
It  does  move,  however,  in  an  ellipse,  describing 
equal  areas,  in  equal  times,  and  so  does  the  sun 
appear  to  move.  This  ellipse,  however,  varies  very 
little  from  a  circle.    In  uniform  circular  motion 
we  could  readily  tell  the  direction  of  the  visual  ray 
and  the  change  of  duection — in  fact,  determine 
the  longitude  of  the  sun  and  its  changes.  In 
any  number  of  days  the  same  fraction  of  3G0°  of 
angular  space  would  be  described,  as  this  number 
of  days  is  of  the  complete  year.    The  closeness 
of  the  actual  ellipse  to  a  circle  makes  it  con- 
venient for  us  to  calculate  what  would  be  the 
position  of  the  sun  if  this  were  the  true  state 
of  the  case,  and  to  tabulate  the  differences  from 
til  is  result,  which  actually  exist.    How  these 
differences  arise,  we  can  understand.  Suppose 
p  p  to  bo  the  sun's  apparent  or  the  earth's 
real  orbit,  and  s  the  central  orb  in  the  focus 
of  the  ellipse.    Let  a  m  be  the  axis  major  and 
II  S  p',  ASP  be  two  equal  angles.   Then,  accord- 
ing to  the  hypothesis  of  uniform  angular  motion 
the  spaces  m  s  p',  asp  should  be  described  iii 
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equal  times.  But,  according  to  the  facts  of 
the  case,  they  will  not  be.  m  s  p'  has  a  much 
larger  area  than  asp,  and  will  therefore  take 
longer  time  to  be  described.    The  sun  will  there- 


fore appear  to  move  slower  at  p' m  than  at  s  p. 
and  in  consequence  of  this  inequality,  it  will 
happen  that  the  mean  longitude  would  make  the 
visual  ray  perhaps  take  the  direction  s  p"  while 
the  actual  direction  is  s  V.  The  angle  p' s  p"  is 
called  the  equation  of  the  centre.  The  motion  at 
A  V  is  thus  more  rapid  than  the  average  motion. 
This  excess  above  the  average  increases  from  a 
onwards  by  new  additions,  until  the  body  p 
reaches  such  a  position  as  p'".  There  the  motion 
is  just  about  the  average  motion,  but  still  the 
true  place  is  much  in  advance  of  the  mean  place, 
though  that  advance  now  ceases  to  increase  and 
begins  to  diminish,  lessening  the  excess  gradually 
until  it  vanishes,  and  the  true  and  mean  place 
coincide.  Where  there  is  the  greatest  dif- 
lerence  between  the  mean  and  true  place  of  the 
earth,  or  apparent  place  of  the  sun,  this  difference 
(e.g.  theangle  p' s  p")  never  exceeds  1°  55'  33"  -3. 
In  case  of  the  motion  from  a  to  m,  its  amount  is 
to  be  added  to  that  of  mean  longitude — in  the 
other,  from  m  to  A,  to  be  subtracted ;  at  m  and  a, 
it  will  be  nothing. 

ISquation  of  Differences  {Technical). 
An  Equation  of  Differences  is  such  as  this; — 
required  a  function  of  x,  such  that  the  difference 
between  it  and  the  same  function  of  a  number 
larger  than  it,  whatever  it  may  be,  say  by  1, 
shall  differ  by  1.  This  equation  would  be  so 
expressed, 

cS  (x  -j-  1)  —  (x)  =  I?  (x)  +  1.  Required  ?>  (x). 
Tiiese  equations  of  differences  have  been  of  im- 
mense importance  in  the  history  of  recent  phy- 
i-ical  science.  All  our  more  valuable  theories  are 
based  on  them;  and  from  solutions  of  them,  a 
great  many  of  our  most  beautiful  recent  dis- 
c:»verie3  take  their  origin.    See  Differences. 

Oqiinlion  of  Equinoxes.  The  motion  of 
the  equator  along  the  ecliptic,  which  is  distin- 
guished by  tlie  name  of  precession,  is  like  those 
of  wliich  we  have  been  just  speaking,  an  alter- 
nating one— sometimes  faster,  sometimes  slower, 
and  returning  in  a  cycle  constantly  to  the  same 
dogrees  of  velocity.    Taking  the  motion  then  as 
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uniform,  we  calculate  the  position  of  the  equi- 
noxes on  the  ecliptic,  and  tabulate  the  amount 
which  must  be  added  to  or  subtracted  from  that 
calculated  result,  to  give  the  true  position  of  the 
equinoctial  point.  This  difference  is  set  down  in 
tables  as  the  eqtuUion  of  the  equinoxes..  A  table 
of  these  differences  will  be  found  at  page  242  of 
the  Nautical  Almanac  for  1854,  which  may  give 
the  reader  a  notion  of  the  amount  of  these  varia- 
tions. The  position  of  the  equinox  is  given  by 
it  for  every  ten  daj's,  during  which  interval,  the 
alteration  of  rate  is  not  of  importance,  and  can  i 
be  calculated. 

Eqimtiou  of  Time.    It  has  been  already 
frequently  noted  that  there  is  a  difference  between 
the  lengths  of  the  mean  day  and  the  apparent  day. ; 
If  th§  actual  apparent  day — the  inter\'al  between 
the  sun's  successive  transits  of  the  meridian — (j 
were  of  uniform  length,  the  apparent  and  meanr, 
time  Avould  be  the  same.     But  the  simple!] 
mechanisms  which  we  can  construct  as  measuresii 
of  time  give  measures  merely  of  successivBi 
equal  intervals,  and  cannot  be  brought  except  by| 
most  complex  machinery  to  coincide  entirely! 
with  the  solar  motions.    Yet  it  is  convenientji 
that  the  two  methods  of  measuring  should  h 
coincident  as  much  as  possible ;  and  for  that  pur-jl 
pose  the  interval  which  clocks  and  watches  arc 
set  to  measure,  is  the  mean  of  the  solar  days  foi 
a  year  or  a  century  or  an  epoch.    The  cai 
of  this  inequality  in  the  length  of  the  solar  da. 
are  due  to  aU  tlie  "equations"  which  affect  thi 
regularity  of  the  earth's  motion  round  the  sun, 
Those  have  been  already  referred  to.    They  ex 
press  different  velocities  and  different  spai 
during  the  same  intervals  of  time,  of  the  sun'i 
proper  motion  (as  it  appears  to  us)  among  thi 
stars.    In  one  daj',  for  instance,  he  maj'  mov 
say  1\  degree  backward,  and  in  another,  sa; 
only  ^  degree.     These  irregularities  liave  con' 
siderable  effect  in  causing  the  difference  of  me 
and  solar  time. — Another  cause  is  the  obliquii 
of  the  ecliptic.    If  the  equator  and  ecliptic  coin] 
cided,  the  exact  amount  of  motion  in  longitm" 
of  the  sun  would  be,  each  day,  represented  full 
in  the  apparent  day.    But  as  they  do  not,'  b' 
form  two  separate  circles  ha\dng  a  definite  ir. 
clination  and  a  changeiible  one  also,  tlie  reacU 
acquainted  witli  trigonometry'  will  see  that  thei 
cannot  be  the  same  amount  entering,  at  differei^A 
times,  into  the  valuation  of  the  mean  day.  -A^P 
one  time,  the  motion  is  parallel  nearly  to  tl 
equator — at  another,  differently  inclined  to  i 
At  one  time,  the  sun  in  his  motion  is  gm 
towards  the  equator — at  another,  from  it,  ai 
these  diflerences  will  be  readily  conceived 
occasion  our  connecting  different  jiarts  of 
real  amount  of  change  ot  longitude  (or  appare 
solar  motion),  witli  the  apparent  solar  day. 
remedy  this  a  fictitious  sim  is  supposed  to  mo 
in  a  circle  parallel  to  the  equator  (cutting  t 
meridian  at  right  angles  always,  instead  of  wi 
a  constantly  varying  obliquity),  and  tlie  d 
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vace  between  its  hypothetical  motion  and  the 

il  motion  of  the  sun  in  the  ecliptic,  is  tabulated. 

Lie  whole  of  these  equations  are  put  together,  in 
he  equation  of  time.  Its  object  thus  is,  to  enable 
!s  to  adjust  the  mean  noon,  measured  by  our 

cks  and  watches,  with  the  true  noon  regu- 
L.od  by  the  sun.  Tables  of  it  are  found  in 
lie  nautical  almanacs ;  its  amount  is  sometimes 
iretty  considerable.  Sometimes  the  apparent 
won  is  16J  minutes  before  mean  noon,  and 

nietiraes  li^  minutes  behind  it. 

Equations,  Algebraic. — It  will  be  assumed 
iiroughont  this  article  that  the  reader  knows 
he  elements  of  algebra,  at  least  up  to  quadratic 
quations  and  the  binomial  theorem.  AH  equa- 
ions  involving  one  unknown  quantity  x,  may  be 
omprehended  under  the  general  form — 
f(x)  =  <p(x); 

.•here  f  (x)  and  (p  (x)  denote  functions  of  x,  that 
i,  quantities  or  expressions  derived,  in  a  more  or 
^ss  complex  manner,  Jrom  x  and  given  numbers. 
t  should  be  observed  at  the  outset  that  this 
schnical  form  of  statement,  /  (a;)  =  cp  (x),  ad- 
1  its  of  two  meanings,  perfectly  distinct  from  each 
tlier,  and  so  far  indicated  by  the  terms  identity 
uA  equivalence.  First,  The  expression3/(a;)  and 
[x)  may  be  one  and  the  same ;  or  they  may  be 
^dncible  to  one  and  the  same,  by  the  perform- 
nce  of  operations  merely  indicated.  To  assert 
ich  a  relation  of  /  (x)  to  <p  (x),  mathemati- 
aas  employ  the  form  of  statement/(x)  =  ip 
'■),  which  is  therefore  called,  in  such  cases, 
1  identical  equation.  The  following  are  ex- 
niples : — 

X  +  5  =  X  +  5, 
2x+7  —  (x  +  4)  =  x  +  3, 
(x  +  3)2  =  x''  +  6  X  +  9. 

vidently  the  quantity  represented  in  any  iden- 
cal  equation  by  the  general  symbol  x  may  be 
uite  indeterminate:  the  equation  holds  for  all 
alues  of  X.  With  equalities  of  this  kind  we 
lall  have  nothing  to  do  in  what  follows,  except 
5  means  of  investigation.  Secondly,  If  the 
inctionsy(«)  and  (p  (x)  are  not  identical,  they 
ill  be  generally  unequal  when  a  certain  value 

assigned  to  (x) ;  but  for  some  particular  value 
'  values  of  X,  the  functions  may  be  equal  to 
ich  other.  To  assert  this  relation  of  equality 
2tween/(a;)  and  <p  (x)  for  a  particular  value  or 
alues  of  X,  mathematicians  employ  still  the  form 
:  statement/  (x)  =  ^  (x),  which,  in  such  a 
ISC,  is  called  simply  an  equation:  and  by  a  root 

tlie  equation  is  meant  any  quantity,  positive  or 
egalive,  arithmetical  or  literal,  real  or  imagin- 
ry,  which,  when  substituted  for  x,  satisfies  the 
mtion,  or  verifies  the  statement  of  equality, 
y  the  resolution  of  an  equation  is  meant  the 
^termination  of  its  roots :  this  is  the  main  inquiry 
1  the  theory  of  equations,  and  one  to  which  all 
ner  questions  upon  this  subject  are  subordinate. 

transposition  of  terms,  every  equation  involv- 
K  one  unknown  may  be  reduced  to  the  form 
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F  (x)  =  0,  where  F  (x)  is  a  function  of  x.  The 
equation  is  called  algSraio  when  F  (x)  is  an 
algebraic  function  of  x,  that  is,  an  expression 
derived  from  x,  in  combination  with  given  num- 
bers, by  algebraic  operations  alone.  In  the  study 
of  algebraic  equations,  it  is  generally  found  con- 
venient to  reduce  them,  or  to  suppose  them 
reduced  to  the  following  form : — 


x"  +  pi  x" 


+       _  ,  X  +  Pn 


As  distinctive  of  which  form  let  these  facts  be 
remembered :  the  second  side  of  the  equation  is 
on  the  first  side  the  powers  of  x  are  arranged 


in  descending  order,  the  indices  diminishing  by 
unity  from  terra  to  term,  beginning  with  the 
whole  number  n,  which  measures  the  degree  of 
the  equation :  the  coefficient  of  x"  is  +  1 :  the 
following  coefficients  pi,  p2  .  .  .  p„,  are  all 
given  numbers,  any  one  or  more  of  which  may 
=  0  in  particular  cases.    We  shall  often  refer  to 
the  above  equation  as  the  eq.  ( 1) :  we  shall  some- 
times represent  its  first  member,  for  brevity,  by 
/(x):  sometimes  also  we  may  have  to  speak  of 
f  (x)  as  a  rational  integer  function  of  x ;  mean- 
ing by  this  that/(x)  is  the  sum  of  a  series  of 
multiples  of  powers  of  x,  including  generally  a 
term,  (such  as  pn )  independent  of  x,  but  ex- 
cluding all  powers  with  negative  or  fractional 
indices.    Whatever  be  the  form  in  which  an 
equation  is  proposed,  or  in  which  it  presents 
itself  as  the  algebraic  translation  of  some  actual 
question,  it  may  always  be  reduced  to  the  form 
(1)  by  such  operations  as  the  transposing  and 
collecting  of  terras,  clearing  of  fractions,  clearing 
of  radicals,  dividing  by  the  coefficient  of  x" ;  and 
as  these  operations  are  generally  of  the  most 
elementary  nature,  we  shall  refer  to  them  no 
further.    A  brief  exposition  of  this  very  wide 
subject  will  now  be  attempted,  under  the  three 
following  heads  : — First,  the  general  theory  of 
algebraic  equations.    Second,  the  resolution  of 
numerical  equations,  or  of  equations  whose  coeffi- 
cients are  given  arithmetically.     Third,  the 
resolution  of  algebraic  equations,  that  is,  of  equa- 
tions whose  coefficients  are  represented  by  letters, 
and  therefore  left  indeterminate. 


I.  The  General  Theory  op  Algebraic 

Equatio>'s. 
1.  For  a  moment,  let  us  consider /  (x),  or  the 
first  member  of  eq.  (1),  apart  from  the  condition 
of  its  equality  to  0.  If  we  assign  any  value  to 
X,  it  is  evident  that  f(x)  will  assume  one  definite 
value ;  if  we  assign  a  second  value  to  x,  /  (x) 
will  assume  a  second  definite  value,  and  so  on. 
It  follows  that  f  (x)  varies  in  value  along  with 
X,  according  to  a  perfectly  definite  law ;  and  we 
may  observe  in  passing,  that  it  is  this  and  this 
alone  which  is  implied  in  the  name  function  ofx. 
The  study  of  the  law  of  simultaneous  variation 
of/(x)  and  x  belongs  properly  to  the  differen- 
tial calculus ;  but  there  are  a  few  notions  upon 
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the  subject  that  are  indispensable  in  the  discus- 
sion of  the  elementary  properties  of  equations. 
Suppose  then  that  x  is  changed  into  x  +  h; 
the  successive  terms  of  /(x)  are  changed  into 
(x  +  A)» ,  pi{x  +  /i)"- '  .  ...pn-i(x  + 
h),  pn :  and  these  terms  may  be  developed  in 
series  of  ascending  powers  of  h,  by  the  binomial 
theorem,  as  follows : — 

....  +  A» 


Pi  ^ 
p^x^ 


»— I 


+ 

+  (w- 


a; 


4-  p-^-^h, 


+  p' 


+  («  —  2) 
1—1 


Pn- 

We  obtain  the  value  o{f(_x  +  k"),  or  the  new 
value  of  f  (x),  by  adding  all  these  quantities ; 
adding  by  columns  we  find  a  result,  of  the  form 

/(x)  +  PA  +  QA'  +  m  +  +  A": 

where  the  coefficients  P,  Q,  &c.,  are  independent 
of  A.    The  full  expression  for  P  is — 

n  x"~'  +  (n  —  1)  pi 
X"-'  +  .  .  . 

which  the  more  advanced  reader  will  recognize 
as  the  first  differential  coefficient  of y(x),  by  which 
name  we  shall  refer  to  it  hereafter.  But  observe 
that  the  first  d\ff.  coeff.  of/(x)  is  defined  here  to 
be  the  coefficient  of  the  first  power  of  h  in  the 
development  of  f{x  ■\-  K)  in  a  series  of  ascending 
powers  ofh.  Observe  also,  from  the  above  ex- 
pression for  P,  that  to  find  the  difi^.  coeff.  of  the 
first  member  of  eq.  (1),  we  mulliply  each  term  of 
that  member  bi/  the  index  ofs.  in  the  term,  and 
then  diminish  the  index  of  s.  by  unity.  These 
elementary  notions  will  be  of  use  hereafter.  Re- 
turning to  the  development  of  f  (x)  +  A),  we 
observe  that  if  the  increment  of  x  be  A,  that  of 
/(x)  is— 

PA  +  QA-  +  EA'  + 


+ 


A   -^P  +  QA  + 


+ 


A",  or 
A»-»|- 


Now  the  successive  coefficients  P,  Q,  E,  &c.,  are 
finite  when  x  is  finite ;  this  is  evident  from  their 
composition  in  terms  of  x  and  n :  and  therefore 
the  quantity  within  the  vinculum  in  the  last 
expression  (while  it  may  be  in  some  cases  posi- 
tive, in  others  negative,  in  others  nothing)  can- 
not be  infinite  when  x  and  A  are  finite.  It  follows 
that  the  increment  of/(x)  is,  at  most,  a  finite 
multiple  of  the  increment  ofx;  and  therefore, 
when  the  increment  of  x  is  very  small,  that  of 
fix)  is  also  very  small;  and  the  two  increments 
vanish  together.  Hence,  when  x  passes  from 
one  finite  value  a  to  another  finite  value  b,  con- 
tinuously (that  is,  by  an  infinite  succession  of 
increments,  each  infinitely  small),  then/(x),  or 
the  first  member  of  eq.  (1),  passes  also  continu- 
ously from  the  value /(a)  to  the  value/ (6). 
This  conclusion,  that/(x)  is  a  continuous  func- 
tion of  X,  would  require  more  space  for  its  proper 
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illustration  than  may  be  here  given  to  it ;  but  the 
only  deduction  from  it  that  we  shall  have  occa- 
sion to  apply  is  perhaps  evident  enough  from 
what  precedes.  It  is  this,  that  if/(x)  be  posi- 
tive when  X  =  a,  and  negative  when  x  =  b,at 
vice  versa,  then  there  is  at  least  one  value  of  x 
between  a  and  b  for  which /  (x)  equals  nothing. 
In  proof  of  one  other  property  of  /(x),  consider 
a  series  of  multiples  of  descendmg  powers  of  x, 
such  as — 

ax"  +  6x"-' +  .  . .    +rx+8..  .(2.) 

in  which  the  coefficients  a,b,  .  .  r,  s,  are  given 
numbers,  positive  or  negative.  Dividing  by  x" , 
we  obtain  the  series — 


+  1 


x»- 


+  -1 


(3.) 


All  the  terms  of  the  series  (3),  after  the  first, 
evidently  diminish  in  absolute  value  as  x  in- 
creases. Suppose  the  number  of  those  terms  to 
be  m,  and  equate  each  of  them  in  succession  to 
the  quantity  a :  m.  Of  the  resulting  values  of 
X,  such  as 

m  b 


and 


"  /m  8 


let  the  greatest  be  denoted  by  e.  Then,  if  x  be 
made  equal  to  e,  the  greatest  of  the  terms  of  (3) 


after  a  will  be 


equal  to  — 
m 


and  since  the  num-i 


her  of  those  terms  is  m,  their  aggregate  cannot 
exceed  a  numerically,  and  will  be  generally  less 
than  a.    It  is  evident  therefore  that  if  the  fini 
number  e  be  determined  as  above,  the  series  {3 
shall  have  the  same  sign  as  its  first  term  a  fo 
all  values  of  x  greater  than  e.    And  hence  it 
evident,  since 

series  (2)  =  series  (3)  x  x" , 

that  for  all  values  of  x  greater  than  e,  the  serie- 
(2)  will  assume  the  sign  of  the  product  a  x" 
which  is  its  own  first  term.  Tlie  reasonin: 
applies,  and  therefore  the  result  holds,  whethe- 
e  be  positive  or  negative ;  only,  in  the  latter  case 
by  values  of  x  greater  than  e,  we  must  under 
stand  those  numerically  greatsr.  Finally, /(x) 
or  the  first  number  of  eq.  (1),  is  of  the  sameforii 
as  the  series  (2) ;  and  therefore  we  can  ahoaxi 
discover  a  finite  number  (e),  such,  that  when  tha 
or  any  greater  number,  positive  or  negative,  i 
substiiutedfor  (x),  the  function  f  (x)  rciU  assum 
a  value  having  the  same  sign  as  its  first  term  x* 

2.  Let  us  apply  the  preceding  results  in  illusj 
tration  of  the  statement,  that  every  algebrav 
equation  has  at  least  one  root.    We  shall  suppos: 
in  every  case,  that  the  given  equation  has 
reduced  to  the  form  (1),  and  that  the  finite_num|^ 
ber  e,  which  we  have  just  had  under  considi 
tion,  has  been  properly  determined.    When  th 
last  term  p„  of  the  equation  is  equal  to  0,  thei 
is  evidently  a  root  equal  to  0 ;  for  when  0  is  sul 
stituted  for  x,  all  the  terms  disappear.  SuppK 
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vj;  then  that  /)„  has  some  finite  value,  we  shall 
-anguish  four  cases,  depending  on  the  degree 
i  the  equation  and  the  sign  of  p„ .    First  case 
I  odd,  pn  negative.   When  x  =  Q,f(x)  is  nega 
ive,  because  it  is  reduced  then  to  when 
=  +  e,f(x)  assumes  the  sign  of  its  first  term 
,  which  is  +.    Nowy(x)  being  a  continuous 
unction  of  x,  and  passing  from  negative  to  posi- 
ive  wlien  x  passes  from  0  to  +  e,  there  must  be 
it  least  one  value  of  x  between  0  and  +  e,  for 
1  hich /  (x)  equals  nothing.    In  this  case,  there- 
ore,  the  equation  has  at  least  one  real  positive 
•-it.    Second  case:  re  odd, ^„  positive.  When 
=  0,  f(x)  is  positive:  when  x  =  —  e,  /(x) 
uraes  the  sign  of  ( —  e)" ,  which  is  — ,  because 
is  odd:  so  thaty(x)  passes  from  positive  to 
legative  when  x  passes  from  0  to  —  e.  And 
herefore,  in  this  case,  the  equation  has  at  least  one 
■eal  negative  root.    Third  case :  n  even,  p,i  nega- 
ive.    Herey'(j:)  is  negative  when  x  =  0 ;  posi- 
ive  when  a;  =  +  e ;  positive  also  when  x  =  — e, 
lecause  n  is  even.     So  that  in  this  case  the 
ijuation  has  at  least  two  real  roots,  one  positive, 
nother  negative.    Fourth  and  last  case :  n  even, 
„  positive.    Here  /  (x)  has  the  same  sign  + 
.'hen  X  =  0,  when  x  =  +  e,  and  when  x  =  —  e; 
0  that  our  test  fails.    And  it  may  be  shown,  by 
simple  example  or  two,  that  an  equation  of  the 
3rin  specified  in  this  fourth  case  may  or  may 
ot  have  a  real  root.    The  equation 

a:^  —  7  a;  -I-  12  =  0 

a3  two  real  roots,  4  and  3,  as  may  be  seen  by 
jiving  the  equation,  or  by  substituting  4  and 
successively  for  x.    The  equation 

ar  +  12  a;  +  35  =  0 

as  two  real  roots,  —  7  and  —  5.   The  equation 

a;^  +  4  =  0 

as  no  real  root;  for  the  least  value  of  the  first 
eraber,  for  real  values  of  x  positive  or  negative, 
positive  and  equal  to  4.  It  has  two  imaginary 
-ots,  +  V  _  4  and  —  V^pi,  or,  as  they 
e  usually  written,  -|-  2  V  —  1 .   The  equation 


3?~^x  +  25  =  0 
«  no  real  root.  Solving  by  the  ordinary  me- 
od,  we  find  the  roots  to  be  4  +  V  T^g  and 
—  —  9,  or  4  -j-  3  ^^\,  both  imaginary, 
nd  accordingly,  each  of  the  expressions  4  + 
—  1  and  4  _  3  V  _  i,  -when  substituted 
f  x,  saUsfies  the  equation.    Finally,  the  equa- 


+  2x»  +  3a;»  +  4a;'-  +  6  =  0 

3  no  real  root ;  because  the  least  value  of  the 
■'t  member,  for  real  values  of  x  positive  or  ne- 
nV*^  ^^''^ently  positive  and  equal  to  6.  It 
)uia  be  easy  to  obtain  any  number  of  equations, 
any  even  degreo,  having  no  real  roots.  The 
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question  then  arises :  Must  every  algebraic  equa- 
tion have  some  root  f    Or  if  the  affirmative  to 
this  be  considered  self-evident,  another  question 
presents  itself,  which  indeed  includes  the  former : 
Can  we  assume  any  geJieral  algebraic  expression, 
or  form  of  magnitude,  and  assert,  that  every 
algebraic  equation  must  have  at  least  one  root  of 
that  form  f    To  illustrate  the  question,  let  us 
look  back  to  the  preceding  examples,  and  assume 
a  and  &  as  general  symbols  of  real  number,  posi- 
tive or  negative.    The  first  two  equations  have 
roots  (4,  3,  and  —  7,  —  5)  of  the  form  a :  the 
third  has   no  root  of  this  form,   but  two 
(-j-  2  V  —  1)  of  the  form  b  V  —  1:  the  fourth 
has  no  root  of  the  form  a,  none  of  the  form 
i  '/'^,_but  two  (4-1-3  V_i)  of  the  form 
+  h      1.   Of  these  forms,  the  first  two,  a  and 
b      —  1,  are  included  in  the  third,  a  +  6  VT; 
for  the  latter  is  reduced  to  a  and  to  5  V —  i 
respectively,  when  6  =  0,  and  when  a  =  0 ;  so 
that  each  of  these  four  equations  has  a  root,  of 
the  form  o  +  &  V  l.    With  regard  to  the  fifth 
equation,  which  is  of  the  8th  degree,  we  have 
seen  that  it  has  no  root  of  the  form  a ;  but  as 
yet  we  can  say  nothing  more.    And  if  an  equa- 
tion, say  of  the  40  th  degree,  were  proposed,  hav- 
ing certainly  no  real  root,  possibly,  as  far  as  we 
have  yet  seen,  the  simplest  of  its  roots  would 
be  as  complex  in  relation  to  a  +  6  V'  1  as  the 
equation  of  the  40  th  degree  is  itself  complex  in 
relation  to  a  quadratic.    It  is  therefore  an  inte- 
resting theorem,  as  well  as  a  fundamental  one,  in 
the  Theory  of  Equations,  that  every  algebraic 
equation  has  at  least  one  root  of  the  form 
a  +  b      1.    It  is  a  very  difficult  proposition, 
and  remained  a  long  time  unproved.  Demon- 
strations of  it  have  been  given  by  Gauss,  Cauchy, 
Ivory,  and  other  eminent  mathematicians;  but 
they  are  all  very  tedious,  and  far  from  elemen- 
tary.   I  can  only  refer  the  reader  to  Cauchy's 
Cours  d'Analgse,  or  to  Lefebure  de  Fourcy's 
Algebre,  where  he  will  find  Cauchy's  proof, 
which  is  perhaps  the  best  upon  the  whole  that 
has  been   published.     In  what  follows,  this 
theorem  will  be  assumed. 

3.  In  the  study  of  the  properties  of  equations, 
the  following  algebraical  theorem  is  found  to  be 
of  the  greatest  consequence.  If  the  first  member 
of  equation  (1),  or  the  polynomial 


a;"  +  p,  a;"-'  +  p2  a:"-^  +  ...  +  Pn-i  x  +  p„ 

be  divided  by  (x  —  a),  where  (a)  is  any  quan- 
tity; and  if  the  division  be  carried  on  till  the 
remainder  is  independent  of  x ;  then,  1st,  the 
remainder  is 

a"  +  pia»-'  +  i;2«"""°  +  •••  -^Pn-ia  +p„  ; 
and,  2dly,  the  quotient  is  a  polynomial 

;»-'+2',a;"-2  +  <72a;»-3  +  .,.+5'„_2a!  +  2'„_i; 
where  each  of  the  coefficients  (j)  is  obtained  by 
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adding  the  coefficient  (p)  of  the  same  order  (or 
suffix)  to  the  coefficient  {q)  of  the  preceding  or- 
der, multiplied  by  (a),  tliat  is, 

gi  =  a  +  J?!, (72=«?i  +  po==a-+apx  +  p^i  ^ 

To  prove  the  first  part,  represent  the  dividend  by 
f(x\  the  quotient  by  (p  (x),  the  remainder  by  R : 
then,  by  the  nature  of  division, 

f(x)  =  (x  —  a)f{x)  +  R  (3) 

This  being  an  identical  equation,  holds  when 
X  =.  a\  'but  in  that  case, 

/  W  =/(«) ;  (x  —  a)  ip  (x)  =  (a— a)  ?>  (a)  =  0 ; 

and  R  is  imchanged,  because  independent  of  x. 
So  that,  when  x  =  a,  the  equality  (3)  becomes 

/(a)  =  R; 

and  therefore,  the  remainder  may  be  obtained 
from  the  dividend  by  the  substitution  of  a  for 
X  throughout:  which  was  to  be  proved.  The 
second  part  of  the  theorem,  or  the  law  of  the 
coefficients  gi,  q2,  &c.,  is  discovered,  perhaps 
most  easily,  by  a  Uttle  reflection  upon  the  actual 
process  of  the  division  by  x  —  a.  If  the  reader 
is  not  already  familiar  with  the  proposition,  he 
may  find  an  advantage  in  verifying  it  upon  par- 
ticular cases,  as  in  dividing 

x'^  +px  +  q  OTX^  +px-  +  qx  +  r  hy  x  —  a. 

As  an  immediate  deduction  from  the  first  part, 
ive  obtain  the  following  fundamental  theorem : — If 
(a)  be  a  root  of  the  eq.  (1),  ike  first  member  of  the 
eq.  is  divisible  without  remainder  by  (x  —  a) ;  and 
conversely,  if  the  first  member  be  exactly  divisible 
by  (x  —  d),  the  quantity  (a)  is  a  root  of  the  equa- 
tion. For,  if  o  be  a  root,  f  (a)  is  equal  to  no- 
thing, so  that  the  division  by  x  —  a  leaves  no 
remainder;  and  conversely,  if  there  be  no  remain- 
der, /(a)  is  equal  to  nothing,  or  a  is  a  root  of 
the  equation. 

Observing  now  that  the  eq.  (1)  of  the  «th 
degree  has  at  least  one  root,  which  may  be  repre- 
sented by  a,  we  infer  from  the  theorem  now 
proved  that 

f{x)  =  (x— (.r), 
where  f  (x)  is  a  polynomial  of  tlie  form 

X"-'  +  g'lX"-2  +  ...  +  2n-2X  +  «7„_i, 

a  rational  integer  function  of  x,  of  the  degree 
«  —  1 .  Again,  the  equation  f  (x)  =  0  has  at 
least  one  root,  which  may  be  represented  by  b. 
Reasoning  then  as  in  the  former  case,  we  find 

/l(x)  =  (x-&)/2(x). 

"Where /2  (p)  is  rational  integer  function  of  x, 
its  first  term  equal  to  x"--.  Substituting  this 
value  of  yi  (x)  in  that  of /(x)  given  above,  we 
find 

/(x)  =  (x-a)(x-6)/2(x). 

In  the  same  manner,  assum  ng  c  as  a  root  of  the 
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equation /2  (x)  =  0,  we  find 

fix)  =  (X  -  a)  (x-  6)  (x  -  c)/3  (x). 

The  process  may  be  continued  till  we  arrive  at 
/„_i  (x),  which  will  be  evidently  of  the  first 
degree  in  x,  and  its  first  term  equal  to  x;  so  that 
fa— I  (x)  may  be  put  equal  to  x —  /.  And  hence, 

/(x;  =(x  — o)(x  — 6).  ...(x— ^)(x-0: 

tliat  is  :  fix),  or  the  fivst  member  of  eq.  (1),  is  . 
the  continued  product  of  (?*)  factors  of  the  first  • 
degree  in  x,  and  each  of  the  form  (x  —  a).  Thb 
result  gives  a  beautiful  view  of  the  structure  of 
algebraic  equations,  when  reduced  to  the  standard 
form  (1).  One  of  the  simplest  conclusions  de- 
ducible  from  it  is  this :  that  every  equation  has 
as  many  roots  as  it  has  dimensions,  and  no 
more.  It  appears  thus :  Each  of  the  n  quanti- 
ties, a,  b,  c,  ...  k,  I,  is  a  root  of  the  equation i 
y(x)  =  0;  for  the  product  y  (x)  vanishes  when 
anj'  one  of  the  factors  x — a,  x  —  b,  ...  x  —  I, 
vanishes,  or  when  x  —a,  when  x  =  b,  ...  when 
X  =  I.  No  other  quantity  than  these  can  be  a 
root  of  the  equation  ;  for  the  product  f  (x)  can- 
not vanish  while  each  of  its  factors  x  —  a,  x  —  b,- 
...  X  —  I,  has  a  value  different  from  zero.  The 
number  of  the  roots  of  eq.  (1)  is  therefore  n.  But 
to  prevent  wrong  notions,  observe  that  in  parti- 
cular cases,  any  number  of  the  quantities  a,  b ...  i 
may  be  equal  to  each  other.    Suppose  that 

a  =  b,  and  Ic  =  I  =  Q; 

then  the  product  ^  (x),  still  of  the  nth  degree  in' 
X,  becomes 

(x  —  o)^  (x  —  c)  ...  (x  —  A")  x^  ; 

and  the  number  of  difierent  values  of  x  thai 
satisfy'  the  equation  is  now  not  n,  but  n  —  2- 
Cases  of  this  kind  are  not  allowed  to  stand  m 
exceptions  to  the  general  statement:  we  com 
sider,  in  the  instance  now  supposed,  that  the 
equation  f  (x)  —  0  has  still  n  roots,  two  of  then 
equal  to  a,  and  two  equal  to  zero.  And  in  thi 
way  it  holds  universally,  that  an  equation  of  thi 
J2th  degree  has  neither  less  nor  more  than  i 
roots. 

4.  An  important  property  of  Imaginary  RootI 
may  now  be  established.  The  most  general  forr^ 
of  such  a  root  is  A  +  ^;  ^  —  1,  where  A  and  ' 
are  real,  and  h  different  from  zero.  If  this  es 
pression  be  substituted  for  x  in  the  first  membi 
of  eq.  (1),  the  result  may  be  represented  _ 
H  +  K'^  —  1 ;  where  H  and  K  are  ration.- 
integer  functions  of  h  and  k  independent  ' 
V  —  If  -ff  involving  only  even  powers  of  . 
and  K  involving  an  odd  power  of  k  in  each 
its  terms.  K  may  therefore  be  divided  by 
and  if  the  quotient  be  represented  by  L,  the  abo 
expression  becomes 

H  +       V~i  (3) 

If  we  had  commenced  with  the  substitution 
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—  k'^  —  1  for  X,  the  resulting  value  of /(a;) 
ould  bo 

II  — kL  VITTj ...  (4) 

his  being  tlae  value  of  H  +  ^•  L  V  —  l  wlien  k 
changed  into  —  k,  because  H  and  L  involve 
:ily  even  powers  of  L  Now,  if  A  +  £  V  —  i  be 
I  root  of  the  equation  f  (x)  =  0,  the  expression 

3)  must  vanish:  and  by  a  first  principle  of 
\lgebra  in  relation  to  imaginary  quantities,  this 

udition  is  equivalent  to  the  two  equations 

H  =  0  and  k  L  =  0,  or 
H  =  0  and  L  =  0  : 
'.ltd  if  these  equations  be  satisfied,  the  expression 

4)  also  will  vanish.  But  we  have  seen  that 
lie  expressions  (3)  and  (4)  are  the  values  of 
(r)  when  the  qiiantities  h  +  k  V  —  i  and 

'  —  k      —  1  respectively  are  substituted  for 
:  and  we  infer,  that  the  conditions  necessary  to 
institute  h  +  k      —  la  root  of  (1)  are  suffi- 
nt  to  constitute  h  —  k  V  —  i  also  a  root  In 
[her  words;   ImugUiary  roots  occur  always  in 

•airs,  of  the  form  Qi^k  V      i)^  differing 

irily  in  the  sign  of  the  imaginary  part.    Such  a 

air  are  called  Conjugate  Roots. ' 
Hence  we  deduce  an  interesting  result  on  the 

ijraposition  of/  (x).   The  factors  x  —  a,x  —  b, 
.x  —  l,o£  which  we  have  shown  that/(x)  is 
niposed,  are  not  real  unless  the  roots  a,  b  ...  I, 
^  real.    If  the  equation  have  a  pair  of  ima- 
aary  roots  A+i- VITl^  the  ^^^^  f^^i^^^ 

-r  —  a)  of/ (a;)  corresponding  to  them  are 
(x  —  A)  —  &  V  —  1,  and 
{x  —  k)  +  i  V  _  1 . 
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and  therefore,  ~-Pi  =  a  +  b,  po  =  ab. 
Again,  let  the  assigned  roots  be  a,  b,  c. 


The 


equation  is  of  the  form 

f(x)  =      +  pix"  +  p2  X  +  p3  =  0: 

and  if  we  multiply  the  trinomial/(x)  of  the  last 
example  by  a;  —  c,  we  find 


P2 


—  Pi  =  a  +  6  +  c, 
=  a6  +  ac  +  he,  —  Pz  =  <J  ^c. 


Several  cases  thus  taken  are  sulBcient  to  suggest 
the  following  theorem :  In  the  eq.  (1),  — Pi  = 
sum  of  the  roots,  p2  =  sum  of  the  products  of 
every  two,  —  p%  =  sum  of  the  products  of  every 
three;  and  generally,  (—  Vy^ p,n  =  sum  of  the 
products  of  every  m  roots.  To  prove  the  theo- 
rem ;  assume  it  to  be  true  for  an  equation 


=.  0 


a;  — 1  +  q^x"-^  +  +j„ 

Multiplying  the  first  member  by  x  — 
equatmg  to  0,  we  obtain  an  equation 

or  more  briefly, 


nd  their  product  is  {x  —  hy  +  or 

—  2xh  +  Qi''  +  k^. 
^nd  hence ;  the  first  member  of  eq.  (1)  is  com- 
"^ed  of  as  many  real  factors  of  the  1st  degree 
'1  the  form  a;  — a)  as  the  equation  contains 
-11  roots,  with  as  many  real  factors  of  the  2d 

•,'ree  (of  the  form  x''  +  bx  +  c)  as  the  equa- 
Jn  contains  pairs  of  imaginarv  roots. 

5.  Given  the  roots  of  an  equation,  required  the 
Uuition  Itself  :  more  definitely ;  Given  the  roots 

trie  eq  (i),  required  the  coefficients  p^, 
■  ■  Pn.    io  solve  the  question  in  any  case;  sub- 
act  each  root  from  x,  multiply  the  results  to- 

Si,m  ^"^  0  =  this 

V     Wh      ^  ''"d  of  those 

What  we  wsh  to  obtain,  however  is 

'  a  :  ,r""     '1''  ''"-^•^"^  of  tl''^  P^c^-  To 

^to  taLT^T^""''  ^V^'  '^^^'Sned  roots 
-"-o,  a  aiirj  0.    The  equation  is 

f(.x)  =  ix  —  a)ix-b)  =  0,  or 
(a  +  6)a;+ai  =  0: 


3S5 


.(2.) 
I,  and 

..=0, 
•  •  (!•) 

The  roots  of  eq.  (1)  are  the  same  as  those  of 
eq.  (2),  with  the  additional  one,  I;  and  the  co- 
efficients of  (1)  are  obtained  from  I  and  the  coef- 
ficients of  (2)  as  follows :  

—Pi  =  —qi  +1,  (3) 
_P2  =      j2  —  (4) 
—Pa  =  —93  +  k2, 
and  so  on,  the  law  being  evident,  to  j5„,  which 
=  —  lq»-i.    Now,  by  the  assumption,  —  q-,  is 
the  sum  of  all  the  roots  of  eq.  (1)  except  I;  and 
tlieiefore,  the  value  of  pi  as  determined  by  the 
equality  (3),  is  according  to  the  theorem.  Again, 
the  sum  of  the  products  of  every  two  roots  of 
eq.  (1)  may  be  divided  into  two  parts,  one  con- 
taining all  the  products  which  do  not  involve  /, 
the  other  containing  those  that  do  involve 
and  It  is  e\'ident  that  by  the  assumption,  o. 
IS  equal  to  the  first  of  those  parts,  and  —  Iq'- 
equal  to  the  second;  so  that  the  value  of  p^  de- 
termined by  the  equality  (4)  is  also  according  to 
the  theorem.   Precisely  similar  reasoning  applies 
to  the  succeeding  coefficients  p^,  &c. ;  therefore, 
if  the  theorem  be  true  for  every  equation  of  the 
(n  —  1)<A  degree,  it  is  also  true  for  every  equa- 
tion of  the  nth.    But  the  theorem  is  verified,  as 
■we  have  seen  above,  for  an  equation  of  the  3d 
degree;  it  is  therefore  true  for  one  of  the  4th 
degree,  and  so  on,  from  one  degree  to  the  next 
above  it;  so  that  it  holds  for  all  equations.  The 
proof  now  given  is  a  good  example  of  demomtru- 
twe  induction,  a  kind  of  reasoning  often  employed 
in  algebraic  inquiries. 

Examples.— equation  whose  roots  are  1 
and  2  is 

a;-  — 3x  +  2  =  0; 
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tliat  whose  roots  are  —  1,  1,  2,  is 

x^'  —  lx^  —  x  +  2  =  0; 
that  whose  roots  are  1,  —  1,  V  —  1,  —  V  —  1, 


IS 


X*— 1  =  0. 


There  is  a  corollary  to  this  theorem  that  will 
be  useful  to  us  in  what  follows.  Keeping  the 
same  notation  as  before,  we  have  (by  section  3) 

/(.r)  =  (X  — a)  (X  — 6)  .  .  .  (X  — 0. 
Changing  x  into  x  +  A,  we  obtain 
/(x  +  A)  =  {A  +  (x  —  ct)}  [ft  +  (x  — 6)]  .  .  . 
[A  +  (X  — O]; 

and  if  the  multiplications  indicated  in  the  second 
)ii  ember  were  performed,  the  result  would  be  a 
polynomial 

A»  +  AA"-'  +  +  Q/j  +  R, 

where  the  coefficients  A  .  .  .  Q,  R,  are  inde- 
pendent of  h.  From  the  definition  given  in  sec- 
tion (1),  it  is  evident  that  Q  is  the  differential 
coefficient  of /(x);  and  by  the  theorem  just 
proved,  Q  is  the  sum  of  all  the  products  of  the 
n  quantities  x  —  o,  x  —  6,  .  .  .  x  —  Z,  taken 
n  —  1  together,  products  that  may  be  found  by 
the  division  of/(x)  by  each  of  the  quantities 
X  —  a,  ...  X  —  separately.  Hence,  the  dif- 
ferential coefficient  oifix)  is  equal  to 


+ 


X —  a 


fix) 

X  I 


and  also,  by  section  (1),  equal  to 

nx"-i  +  (n—l^pi  x»-2  +  .  .  .  .  +  pn-i; 

so  that  these  two  expressions  are  equal;  a  very 
useful  algebraic  theorem. 

6.  Let  us  mquire,  for  a  moment,  how  far  we 
are  yet  advanced  towards  the  solution  of  our 
principal  question :  To  find  the  roots  of  an  equa- 
tion. To  discover  the  roots  in  the  most  elemen- 
tary manner,  we  proceed  by  trial,  substituting 
particular  numbers  for  x,  and  retaining  those  as 
roots  that  satisfy  the  equation.    The  theorem 

f{x)  =  (x  — a)  (X  — &)  .  . .  (x  — 0, 

as  extended  in  the  end  of  section  (4),  suggests 
another  method  of  proceeding;  as  it  reduces  the 
determination  of  the  roots  of/(x)  =  0  to  the 
decomposition  of/(x)  into  its  real  factors,  simple 
or  quadratic.  Obtaming  the  factors  we  obtain 
the  roots.  But  the  latter  inquiry  is  of  such  a 
nature,  that  this  result  must  be  considered,  not  as 
in  any  proper  sense  a  solntion,  but  as  a  mere  tram- 
form'aiion  of  the  original  question  into  a  definite 
algebraic  form.  In  the  same  connection,  ob- 
serve, that  if  we  have  discovered  one  root  a,  or 
two  roots  a  and  b,  of /(x)  =  0,  we  may  divide 
/  (x)  by  X  —  a,  or  by  the  product  (x  —  o) 
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(x  —  6) :  the  quotient  equated  to  0,  will  admit 
of  the  remaining  roots  of  the  proposed  equation, 
and  no  more.  And  generally,  if  /  (x)  can  be 
decomposed  into  the  factors  P,  Q,  R,  involving  x, 
the  roots  of  /(x)  =  0  are  precisely  those  of  the 
equations 

P  =  0,  Q  =  0,  R  =  0, 
each  of  which  is  of  less  dimensions  than  the  pro- 
posed equation,  and  on  that  account  more  easily 
solved.    For  example,  the  binomial     —  lb! 
divisible  by  x  —  1,  and  the  quotient  is  x'  +  x  + 1 ; 
therefore,  the  roots  of 

x»  —  1  =  0  .  .  (2) 

are  those  of  the  two  equations 

X  — 1=0,  x^  +  x  +  l  =  0. 

Solving  the  last,  we  find  the  three  roots  of  eq.  (2), 
or  the  three  cube  roots  of  1,  to  be 


1, 


—  1+V_3    — 1  — V_, 


Similarly,  or  by  a  change  of  signs,  we  find,  thai 
the  equation  x'  +  1  =  0  has  the  three  roots 


-1, 


1  — 


1  -I-  V  _  3 


In  like  manner,  the  equation  —  1  =0,  maj 
be  transformed  into 

if -I)  (^'+  1)  =  0; 

so  that  the  sixth  roots  of  unity  are  the  roots  o 
the  two  equations  —  1  =  0  and  y  +  1  =  0 
already  found.  In  the  last  section  it  has  beei 
shown,  how,  when  the  roots  of  an  equatioi 
are  given,  the  coefficients,  or  the  equation  itself 
is  determined.  It  is  natural  to  suppose,  at  firs 
sight,  that  the  relations  there  found  to  subsis 
between  the  coefficients  and  the  roots  might  bl 
inverted  in  some  simple  manner,  so  as  to  give  th 
roots  in  terms  of  the  coefficients ;  and  if  this  wer 
done,  it  would  furnish  a  complete  resolution  of  a] 
algebraic  equations.  But  it  appears,  upon  exa 
mination,  that  those  relations  between  the  coeffi. 
cients  and  the  roots  are  not  generally  capabl 
of  being  transformed,  by  any  means,  in  such 
manner  as  to  simplify  the  question  of  resolutio' 
in  the  least  degree.  For  example :  given  the  a 
efficients  p,  q,  r,  of  the  cubic  equation 

X*  +  px^  +  qx  +  r  =■  Q; 

required  the  roots,  o,  b,  c.  The  relations  fro 
which  we  have  to  proceed  are 

—  p  =  a  +  b  +  c 
q  =  ab  +  ac  +  be,  —  r  =  abc : 

and  we  have  to  find  a  root  in  terms  of  p,  Ji 
Multiplying  the  first  of  these  equalities  by  a', 
second  bv  —  o,  and  then  adduig  the  three, 
find 


-pa' 


■  qa  —  r  =  a' 


or 


a*  +  pa"^  +  ga  4-  r  =  0 ; 
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hich  i3  just  the  given  equation;  so  that  the 
option  of  resolution  has  not  advanced  a  step. 

a  similar  manner,  and  with  a  similar  result, 
L'  might  insulate  the  root  b,  or  the  root  c.  The 
iMie  thing  happens  generally,  by  whatever 
oans  we  insulate  one  of  the  roots;  and  we 
i^'ht  be  sure  that  it  7nust  happen,  for  the  simple 

-on  that  a,  b,  c,  are  involved  in  the  same 
uiner,  in  the  equations  from  which  we  set 
It,  so  that  the  equations  are  not  changed  when 
c,  are  interchanged  in  any  manner.  For 
:n  this  it  follows,  that  whatever  process 
ads  to  a  final  equation  involving  only  a,  should 
:id  to  one  involving  only  b,  or  to  one  involv- 
g  only  c,  by  a  simple  interchange  of  the  let 
I  S  a  and  b,  or  of  a  and  c,  throughout ;  so  that 
e  three  final  equations,  being  in  fact  identical 
ith  each  other,  must  suffice  separately  for  the 
termination  of  the  three  roots,  and  must  there- 
re  be  identical  with  the  proposed  equation, 
ill,  the  theorem  proved  in  the  last  section  is  a 
'v  important  one  ;  it  leads  to  some  valuable 
parties  of  roots,  besides  giving  a  perfectly  clear 
itement  of  the  conditions  that  must  be  fulfilled 
■  the  roots  of  any  proposed  equation.  It  was 
^covered  by  Harriott,  with  whose  labours  and 
036  of  Descartes  the  systematic  theory  of  equa- 
)ns  may  be  said  to  have  originated. 
7.  We  proceed  to  the  Transformation  of  Equa 
IDS.  As  an  illustration  of  the  kind  of  questions 
It  belong  to  this  part  of  the  theory  :  Given  an 

lion  /(x)  =  0 ;  required  a  second  equation 
y)  —  0,  such,  that  between  the  roots  (y)  of  the 
'  and  the  roots  (x)  of  the  Ist  there  may  be 

"ssigned  relation,  y  =  F  (x).     If  possible, 

Ive  the  equation  y  =  F  (x),  considering  x  as 
e  unknown.  Having  found  thus  x  =  (p  (y), 
bstitute  <p  (y)  for  x  in  the  equation  /  (x)  =  0  ; 
d  the  question  is  solved.  For,  by  the  process, 
5  final  equation  isf{tp(y)l  =  Q;  and,  there- 
■e,  if  a,  i,  .  .  .  I,  be  the  roots  oif(x)  =  0,  the 
)ts  (y)  of  the  final  equation  must  be  such  that 
M)  shall  have  the  values  a,  b,  .  .  I.  But  the 
0  equations 

(P  (y)  =  x,andy=F  (x), 

press  the  same  relation  between  x  and  y,  so 
It  if  two  particular  values  of  x  and  y  satisfy 
e  of  the  equations,  they  will  satisfy  also  the 
ler.  But 

(y)  =  a,  =  J,  =  ...,=?;  and  therefore 
3^=  F(a),  =  F(6).  .  .  =F(^;: 
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required.  When  the  equation  y=F(x)  can- 
t  be  resolved  in  relation  to  x,  we  must  have 
■ourse  to  higher  methods.  The  following  are 
'O'lg  the  most  useful  elementary  problems  in 
nsformation.  Ist,  To  form  an  equation  whose 
'C^  mil  be  the  reciprocals  of  those  of  a  given 
iMwn  (1).  Two  numbers  are  called  reciprocals 
;heir  product  =  1.  Therefore,  in  this  case  the 
iatwns  2^  =  F  (a:)  and  a;  =  p  {y)  become 


1 


u  —  -  and  X  =  I.   Substitute  -  for  x  in  en.  CI") ; 
X  y  y  '  ^  ^' 

and  to  reduce  the  resulting  equation  to  the  stand- 
ard form  without  changing  the  roots,  multiply 
it  by  ^"  and  divide  by  2d,   To  change 

the  signs  of  all  the  roots  of  a  given  equation. 
Substitute — y  for  x;  and  if  the  first  term  of 
the  resulting  equation  be  negative,  as  it  will  be 
when  the  degree  of  the  equation  is  odd,  change 
the  sign  of  every  term,  od,  To  multiply  all  the 
roots  of  a  given  equation  0-^  by  any  number  h. 
By  the  question,  y  =  hx,  or  x  =  y :  h.  Substi- 
tute y.h  for  a;  in  (1),  and  multiply  all  the  terms 
by  A".    The  required  equation  is 

y"  +  hpiy-^  +  h^P2y''~-  +  -  •  •  +  A»^n  =  0. 

4th,  Given  an  equation  in  the  form  (1),  with  nume- 
rical coefficients,  some  of  them  irreducible fractions  : 
it  is  required  to  transform  it  into  another  equation, 
with  whole  coefficients,  but  still  of  the  form  (1). 
Find  the  least  common  multiple  h  of  the  denomi- 
nators of  all  the  coefiicients,  and,  by  the  last  pro- 
blem, transform  the  proposed  equation  into  an- 
other whose  roots  are  k  times  greater.  It  is  evi- 
dent that  all  the  denominators  will  disappear  in 
the  transformation,  while  the  coefficient  of  the 
highest  power  of  the  unknown  is  still  unity  :  as 
requu-ed.  And  it  is  evident  that  the  multiplier  k 
may  be  taken  less,  in  most  cases,  than  the  least 
common  multiple  of  the  denominators.  Contrast 
the  present  transformation  witli  the  elementary 
reductions  to  which  equations  are  often  submit- 
ted, such  as  clearing  of  fractions.  The  object  of 
those  reductions  is  to  simplify  the  equation  with 
a  view  to  resolution ;  and  this  end  is  gained  with- 
out any  change  in  the  value  of  the  roots.  In  the 
present  case  the  object  is  similar :  the  equation  is 
simplified  by  the  transformation;  and  although 
the  roots  are  changed  in  value,  they  are  changed 
in  a  known  and  simple  manner.  The  next  pro- 
blem is  of  the  same  kind.  5th,  To  transform  a 
given  equation  into  another  which  wants  a  certain 
term.  In  the  given  eq.  (1)  change  x  into  y  +  h: 
develop  the  terms  {y  +  hy,  p^  (y+h')''-\  &c., 
by  the  binomial  theorem ;  and  find  tlfe  equation 
in  the  form 


yn  +  qj^y»-l  + 


-f-     =  0  .  .  (2) 


the  coefficients  qi  .  . .  q^,  are  rational  integer 
functions  of  h,  independent  of  y.  By  equating 
one  of  them  to  zero,  we  can  obtain  one  or  more 
values  of  h  that  will  give  eq.  (2)  in  the  assigned 
form  :  and  we  see  thus,  that  the  required  trans- 
formation can  be  always  effected  by  diminishing 
each  root  of  the  given  equation  by  a  certain 
quantity  h.  It  is  found  that  the  removal  of  the 
2d,  3d,  .  .  nth  terms  of  eq.  (2)  require  the  reso- 
lution of  equations  in  h,  of  the  1st,  2d, . .  (n — l)th 
degrees.  To  remove  the  last  term  q,,,  we  have 
to  solve  the  given  equation,  as  might  have  been 
expected.  The  second  term  (and  this  is  the  most 
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important  case),  is  easily  seen  to  be  removable 
by  the  diminution  of  each  root  of  the  proposed 
equation  by  a  certain  number  h.  For 

—  Pl  =  a  +  6  +  ...  +  / 

and  —  S'l  =  (a  —  K)  +  (b  —  K)  +  ...  (I — h) 
=  — —  nh ;  and  to  make  qy  —  0,  we  have 

^1  +      =  0,  or  A  =  — 

n 

Example. — The  quadratic  equation 
-\-  px  +  q  =  0, 

transformed  thus,  gives  the  equation 
which  gives  the  two  roots  (a;)  equal  to 


6th,  To  diminish  each  of  the  roots  of  a  given 
equation  iy  any  number  h.  Here,  according  to 
the  general  method,  y  —  x  —  h,  and  x  —  y  +  h\ 
so  that  the  eq.  (2)  of  last  problem  is  that  re- 
quired. But  ^\^th  a  view  to  the  resolution  of 
numerical  equations,  the  reader  ought  to  master 
the  following  solution:  Divide  the  1st  member 
f{x)  of  the  given  eq.  by  x  —  h,  till  the  remain- 
der is  independent  of  a; :  denote  the  quotient  by  Qi 
and  the  remainder  by  R^.  Divide  similarly  Qx 
by  x  —  A,  and  let  the  quotient  be  Q2,  and  the 
remainder  ^^^^  proceed  in  this  manner  to 
Qn  and  R„.  As  the  divisor  is  always  x  —  h, 
and  the  first  dividend  is  x"  +  &c. ;  the  first 
terms  of  Q^,  Q2,  &c.,  must  be  a;"~^,  &c. ; 

so  that  Q„  =  1.  Hence,  putting  x  —  A  =  we 
have,  by  the  nature  of  the  process, 

f(x)  +  Ri 

Qi  =  Q2«/  +  R2 
Q2  =  Qsy  +  R3 

•      .      •       a       •      •     «  t 

Qn-  2  =  Qn-iy  +  K-1 

Q„_i  =       y  +  R„. 

Multiply  these  equations  in  order,  beginning  with 
the  secon(j,  by  y,  y",  y^  ...  ^"  — ' ;  take  their 
sum,  and  reject  the  terms  Qiy,  Q2y^  &c.,  com- 
mon to  both  members :  then 

/•(a;)  =y»  +  R«r-'  + 

+  . .  .  +  R2  3/  +  Ri- 

This  is  an  identical  equation,  y  standing  for  x — h\ 
and  therefore,  if  a,  ...  /,  be  the  roots  of  the 
given  equation,  the  second  member  of  the  last 
equality  will  vanish  when  a;  =  a,  =  6,  .  .  .  = 
that  is  when  y(_=x  —  h)  —  a  —  h,  =  b  —  k, 
...  =  /  —  h.    And  therefore  the  equation 

y»  +  R„  y«-'  +  R„_i  +  ...  +Ri  =  0 

is  that  required,  its  roots  (y)  being  severally  less 
by  h  than  those  of  the  given  equation  /  (x)  =  0. 

8.  We  proceed  now  to  another  kind  of  transfor- 
mation, the  depression  of  an  equation,  or  the  dimi- 
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nntion  of  its  degree,  when  some  of  its  roots  have  \ 
particular  relations  to  each  other.  Upon  this 
subject  there  are  two  partial  theories  of  special  , 
importance,  that  of  equal  roots  and  that  of  reci- 
procal equations :  and  these  we  shall  take  up  in 
order.  Let  fQc)  =  0  be  any  given  equation; 
let  tti,  ao,  ag  .  .  .  On,  be  its  roots ;  let  f  (x)  be 
the  diff.  coeff".  of / (x) ;  then,  by  sections  (3)  and 
(5),  we  have 

/(x)  =  (x  —  a{)  (x— 02)  . .  .  (x—  On)  .  .  (2) 


x  —  ay    X  — 


X  — a„ 


Let 


X  —  aj  X  —  o„ 

•••  /i  (a.-)  =  Qi  +  Q2  +  .  .  •  +  Qn  .  •  (3) 

It  should  be  carefully  remembered  that  each  of 
the  terms  (Q)  of  equation  (3)  is  composed  of  all 
the  factors  (x  —  a)  of  equation  (2),  one  ex- 
cepted. Supposing  now  that  the  equation  y(x)' 
=  0  has  m  roots  each  equal  to  ;  it  is  e\'ident 
that  Qi  contains  (x  —  oi)"'  — '  as  a  factor,  and 
that  each  of  Q2,  Q3,  ...  Qm  contains  either 
(x  —  ai)"'" '  or  (x  —  ai)"*  as  a  factor ;  whence,' 
by  equation  (3),/i  (x)  contains  (x  —  o,{)^~'  as 
a  factor.  We  infer,  that  if  the  eq.y(x)  =  0  has 
m  roots  equal  to  a^,  the  two  quantitiesy(x)  and 

fi  (x)  have  a  common  factor  (x  —  ay)"*  —  Sup 
pose  conversely  that  / (x)  and  fi  (x)  have  the 
common  factor  (x  —  ai)"'  — Conceive  the 
terms  (Q)  of  equation  (3)  distributed  into  twc 
sets,  those  of  the  first  set  being  derived  from 

y(x)  by  the  removal  of  the  factor  (x  —  ay),  and 
those  of  the  second  by  the  removal  of  any  factoi 
different  from  (x  —  aj) :  and  represent  the  surr 
of  the  first  set  by  B,  and  that  of  the  second  bj 
C.  Then 

/i(x)  =  B  +  C,  or,  B  =/i(x)  — C. 

Now,  by  hypothesis,  (x  —  ai)""'  is  a  factor  < 
fl  (x) ;  it  is  also,  by  our  assumption,  a  factor  oj 
C,  and  therefore  a  factor  of  the  difference yi  O^S 

—  C,  and  therefore,  by  the  last  equation,  a  fac 
tor  of  B :  in  other  words,  (x  —  ai)""  *  is  a  factoi 
of  the  aggregate  of  those  terms  (Q)  which  wi  j 
derive  from  f(x)  by  throwing  out  the  factor  (» 

—  Oi).    It  follows  evidentlj',  that /(x)  contain  j 
the  factor  (x  —  ai)"'.    And  hence,  if  fix)  an(  j 
fx  (x)  have  a  common  factor  (x  —  ai)" tblf 
equationy(x)  =  0  has  m  roots  each  equal  to  ajj 
By  a  simple  extension  of  this  reasoning :  if  thj 
equation  f(x)  =  0  has  m  roots  equal  to  a, 
roots  equal  to  b,  q  roots  equal  to  c,  then,  f  (x 
andyi  (x)  have  a  common  divisor — 

(x  —  o)" - '  (x  —  6)P-'  (x  —  c)?-' ; 

and  conversely.     Hence,  /(x)  =  0  being 
given  equation,  and  (rf)  being  the  greatest  comi 
mon  measure  of / (x)  and./i  (x) :  if  (d)  be  nxaiu 
rical,  or  inde2)endent  of  (x)  the  equation  has  1 
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:ual  roots:  if  d  contain  any  number  of  simple 
■tors  (x  —  a),  the  equation  has  the  same  number 
double  roots  (a);  t/'cl  contain  any  number  of 

"ibk factors  (x  —  b)",  the  eqttation  has  the  same 

imber  of  triple  roots,  &c.  To  simplify  now  the 
esolution  of  equations  which  have  equal  roots. 
Denote  by  w  the  product  of  those  factors  (x  —  a) 
'{fQc),  which  correspond  to  the  simple  roots; 
IV  V  the  product  of  the  factors,  taken  in  the  first 
iegree,  which  correspond  to  the  double  roots;  by 

the  product  of  the  factors,  also  in  the  first  de- 
,Tee,  corresponding  to  the  triple  roots :  and  sup- 
lose  that  there  are  no  roots  of  a  higher  degree  of 
iiultiplicity.  Then 

f(x)  =  uv'w^; 

md  d  being,  as  above,  the  G.  C.  M,  off^x)  and 
ts  diff.  coeff.  fi  (x) ;  we  have,  by  the  theorem, 

d  =  vw\ 

n  like  manner,  if  e  be  the  G.  C.  M.  of  d  and  the 
li!f.  coeflf.  of  d,  we  find,  by  the  theorem. 


dividing  each  of  these  equations  by  the  succeed- 

f(x) ' d  =  uvw,  d :  e     vw,  e  =  w, 
dividing  each  of  these  by  the  succeeding; 
/(x)-e  d 


-=  u. 


=  V,  e  —  w. 


'sow,  when  f(x)  is  given  in  the  form  (1),  with 
lumerical  coefficients,  we  can  find/i  (x)  by  the 
ule  in  section  (1),  and  then  d  by  the  process  of 
J.  C.  M.,  and  then  e  in  like  manner ;  so  that  we 
an  find  u,  v,  w,  in  terms  of  x.  In  this  way  we 
educe  the  resolution  of  the  proposed  equation  to 
hat  of  the  three  equations  M  =  0,  w  =  0,  =  0, 
lone  of  which  has  equal  roots,  and  of  which  the 
legrees,  taken  altogether,  are  less  than  that  of 
he  proposed.  And  a  similar  method  applies  to 
nore  complex  cases. 
?or  example,  given  the  equation 

—  a;»  —  4a;'  +  4x*  +  bx^  — ^3?— 2x 
+  2  =  0; 
^'e  find  successively, 

/i  (a)  =  7  z=  —  6  ar*  —  20  a;*  4-  16  + 
a?—  10a;  — 2; 

d  =  3?  —  3?  —  X  +  I;  e  =  X  —1. 

By  divisions,  as  indicated  above,  we  find 

f{x)  :d  =  Mt)w  =  x*  —  3a;^  +  2; 
d:e  =  vm  =  x'  — 

'Vnd  by  division  again, 

n  =  3?  —  2,v  =  x  +  1,  M 

The  question  is  reduced  to  the  resolution  of  the 
;hree  equations 

x-  —  2  = 


15 


1  ;   e  =  W  =  2!- 


=  X  — 1, 


0,  X  +  1  =  0,  a:  —  1  =  0. 
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The  given  equation  has  two  simple  roots  "i  V2^ 
a  double  root  —  1,  and  a  triple  root  +  1 :  or 

/(x)  =  (x''-2)(x  +  lf(x  —  Y)\ 

9.  An  equation  is  called  reciprocal  when  it  is 

such,  that  if  a  be  any  one  of  its  roots,  -  is  also  a 

root;  so  that  all  the  roots  will  be  reproduced, 
though  in  a  different  order,  by  the  division  of 
unity  by  each  of  them.  Given  an  equation  in 
the  form  {V);  by  what  characters  may  we  know 
that  it  is  a  reciprocal  equation?  Substituting 

-  for  a;  in  eq.  (1),  and  reducing,  we  obtain  the 

equation 


,n-l 


+ 


Pn- 


pn 


+ 


+ 


X  + 


=  0 


(2.) 


Pi 

Pn  Pn 

The  roots  of  eq,  (2)  are  the  reciprocals  of  those 
of  those  of  (1).  It  follows,  that  if  (1)  be  a  reci- 
procal equation,  (1)  and  (2)  have  the  same  roots, 
and  are  therefore  identical  with  each  other :  and 
conversely.  But  we  can  identify  (1)  and  (2) 
only  by  equating  their  coefficients  in  order. 
Therefore 


P"-i 


Pn-2 
P 

}_ 
p.. 


P2 


=  Pn- 


Pi 
'  Pn 


Pn-1, 


1 :  there- 


From  the  last  equality  we  find  - 
fore 

One  or  other  of  these  two  sets  of  relations  among 
the  coefficients  is  necessary  and  sufficient  to  con- 
stitute (1)  a  reciprocal  equation.  Observe,  how- 
ever, that  if  71  be  even,  and  p  be  the  coefficient  of 
the  middle  term,  we  find  as  above,  p  =  ^p; 
and  therefore,  in  the  case  of  the  upper  sign,  p 
may  have  any  value,  but  in  the  case  of  the  lower, 
p  must  vanish.  Hence,  in  a  reciprocal  equation, 
the  coefficients  of  terms  equidistant  from  the  ex- 
tremes must  be  equal  and  of  like  signs,  or  equal 
and  of  unlike  signs:  also,  when  the  equation  is  of 
even  dimensions,  and  the  corresponding  terms  have 
unlike  signs,  there  must  he  no  middle  term.  On 
the  resolution  of  such  equations,  observe,  first, 
that  all  cases  may  be  reduced  to  that  of  a.  reci- 
procal equation  of  an  even  degree,  with  its  last 
term  positive.    Consider  the  equations 

x*  +  ox^  +  6x'  +        +  a  X  +  I  =  0, 


+  ba?  —  6x2  —       —  1  =0. 


+  ax* 

It  appears  by  substitution,  that  —  1  is  a  root  of 
the  first,  and  +  1  of  the  second :  therefore  the 
first  members  are  divisible  respectively  by  x  +  1 
and  X  —  I.    Now  it  is  evident,  that  in  the  first 
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of  those  quotients,  we  should  have  obtained  the 
same  coefficients  in  the  same  order  if  we  had 
taken  the  terms  of  divisor  and  dividend  in  the 
reverse  order (1  +  x,l  +  ax  +  &c.);  and  like 
wise  in  the  Second  quotient,  if  we  had  reversed 
the  order  and  changed  all  the  signs.    Hence,  the 
resulting  equations  of  the  fourth  degree  are  still 
reciprocal,  and  their  last  terms  are  +1.  The 
same  reasoning  applies  to  a  reciprocal  equation 
of  whatever  odd  degree :  and  it  appears,  in  like 
manner,  that  when  the  equation  is  of  even  dimen- 
sions, and  its  last  term  is  —  1,  it  may  be  de 
pressed,  by  the  removal  of  the  factor  x-  —  1, 
into  a  reciprocal  equation  whose  last  term  is  +  1 
And  therefore,  by  changing  n  into  2  w  in  eq.  (1) 
and  introducing  the  proper  conditions,  P2n  =  1, 
jP2  n  —  1  =  ^'i,  &c.,  we  shall  obtain  a  general  form 
of  reciprocal  equation,  whose  solution  will  suffice 
for  all  cases.    Consider  then  the  equation 

x'"  +  pi  a;3"-i         aP^-^  +  

+  P2  3?  +  Pix  +  1  =0. 

Connect  by  pairs  the  terms  equidistant  from  the 
extremes,  and  divide  the  equation  by  a;" :  it  then 
becomes 


+ 


+ 


Let  a;  +  -  = 

X 


X+-\+Pn=^ 


1 

and  x'*  +  —  -  R„ 

a;" 


(2.) 


Multiplying  together  the  two  equations 

1 


R«  — 1  =  a; 


z—  X  + 


.«  —  I 


i-i' 


and 


—  ;  we  find 

X 


R«. 


=  R„  +  R„_2. 
.  • .  R„  =  s  R„_  1  —  R„_  2. 

This  relation  gives  the  value  of  each  quantity 

R„  or  a;"  +  —  ,  in  terms  of  z,  when  the  values  of 
a:" 

the  preceding  two  are  known.    Thus,  Ri  =  z, 

Ro  =  a;2  +  i  =  f  a;  +  i  V—  2  =  2-  _  2. 
a;2      \       X  J 

Kg  =zR2  — Ri  =  ziz-—2)  —  z  =  z^  —  iz. 
R4=  ■      —  - 
Rfl  = 


'  —  4     +  2. 
'  —  6  z'  +  6  z,  &c. 


Substituting  in  eq.  (2)  the  values  of  Rj,  R2,  .  . 
R„ ,  in  terms  of  z,  we  reduce  the  proposed  equa- 
tion of  the  2nth  degree  in  a;  to  one  of  the  nth 
degree  in  z.  Finally, 


x^l 

X 
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z,  or  a;-  —  zx  +  1  =0 


2  —  2 


Vz2_4; 


and  we  have  only  to  substitute  in  this  expression 
the  n  values  of  z,  in  order  to  find  the  2n  value* 
of  X.    As  an  example,  consider  the  equation 

a:*  _  1  =  0. 

When  the  factor  (x  —  1),  corresponding  to  the 
root  1  is  removed,  the  equation  becomes 

a^'+a!*  +  a;'=  +  a;  +  l  =  0;or 
(z''  —  2)  +  2  +  1  =  2-  +  2  —  1  =  0. 


2  — 


—  1  +  V5 


^  6  +  2  V  .5 , 
4 


and  2^ 


_  .^_10-f2V5 


.-.Va^  — 4  =  ^^10  +  2-^5  •  VZTi: 

Substituting  successively  these  two  values  of 

z' — 4,  with  the  corresponding  values  of  z  in 
the  expression 


+  1 


-2  V^^^ 


which  is  the  value  of  x  in  terms  of  2,  we  find 
that  the  five  roots  of  the  proposed  equation,  or  the 
five  5th  roots  of  unity  are,  1, 


—  1  +  V  6 


+ 


J  10 


+  2  V  5 


—  1  —  V  5 


+ 

4  — 


J  10  — 


2  V  5 


10.  The  theorj'  of  Elimination,  or  of  the  reso- 
lution of  equations  which  involve  more  than  one 
unknown,  must  be  noticed  here,  however,  briefly, 
as  it  is  one  of  the  most  important  subjects  in. 
algebra.    The  reader,  we  suppose,  has  met  witli 
examples  of  simultaneous  equations,  and  with  the 
methods  of  elimination  by  addition,  by  compari- 
son, and  by  substitution,  as  applied  to  equations 
of  tlie  first  degree.    There  is  another  method, 
that  of  Indeterminate  Multipliers,  which  is  not 
usually  consigned  to  the  elements,  although  sim- 
ple in  principle,  and  very  extensively  i;sed.  Re- 
quired x  and  ^  from  the  two  simultaneous  equa- 
tions 

(ii  X  +  bi, 
Oo  X  +  62 . 


(2.) 


Multiply  the  second  equation  by  the  quantity  m, 
and  then  add  to  the  first : 
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■ .  (ai+ma2')x+  (Pi  +  mb<i')i/=ci  +  mc2 ; 
■A  to  eliminate^,  assume  in  eq.  (3) 

bi  +  mbz  =  0,  or  m  =i  —  —  : 

h 

.  • .  (aj  62  —  a2  bi')  X  =  -62  '^l  —  ^2' 

'roceeding  in  the  same  manner,  or  by  substitu- 
ir.n,  to  determine  y,  we  find 

_  62  ci  —  &]  C2 .  ^  _  02  Ci  —  ai  cg  ^ 

di  62  —  '^2  ^1  ^2  —  (^2  ^1 

he  process  depends  upon  this,  that  the  eq.  (3) 
mist  admit  of  the  solution  common  to  the  given 
nations,  whatever  be  the  value  of  m.    As  a 
ond  question :  Required  the  values  of  x  and  1/ 
Kit  satisfy  the  three  equations 

cti  X  +  61  ^  =  Ci  ) 

02  X  +  1)2  y  =  C2>  (5.) 

03  X  +  bsy  =  cg) 

rom  the  first  and  second  equations  find,  as  in 
lie  last  question,  the  values  of  x  and  y,  and 
lora  the  first  and  third  find  two  other  values : 
hen,  if  the  latter  values  of  x  and  y  are  equal 
J  the  former,  the  third  equation  is  superfluous, 
nd  if  unequal,  the  three  given  equations  are 
iconsistent.  More  simply,  to  make  the  given 
[uations  consistent  with  each  other,  substitute 
he  values  (4)  of  x  and  y  in  the  3d  of  equations 
0).    This  gives  the  equation  of  condition 

3  (62  Cl  —  &i  C2)  +  63  (02  Cx  —  aiC2)  =C3  (fli  ^2 
—  02  bi). 

Similar  principles  apply  to  higher  questions, 
whenever  the  number  of  equations,  independent 
f  each  other,  exceeds  the  number  of  unknowns. 
Vs  a  third  question:  Required  the  values  of 
',  y,  z,  that  satisfy  the  three  equations 

oi  X  +  bi  y  +  Ci  z  —  ki, 
02X  +  b2y  +  C2Z  =^k2, 
a^x  +  b^y  +  C3  z  =  kg- 
Multiply  the  second  equation  by  m  and  the  third 
•y  »,  and  add  the  products  to  the  first.    In  the 
esulting  equation  equate  the  coefficients  of  y 
nd  of  2  to  0.    This  process  gives  the  three 
quations 

61  +  mb2  +  nb^  =  0)  ... 
ci  +  TKCg  +  MCg  =  0/ 

«i  +  m«2  +  Tiflg)  x  =  hx  +  m.h2  +  nk^.  (7.) 

|^^^*^"ation8  (6),  solved  as  in  the  first  question, 

TO  =  ^3  Cl  —  6i  C3    ^  M_ 

62  Cs  —  63  C2         D '  , 

n  =  *JLf2^''2  Cj  _  N 
h  C3  —  63  cg  ~  B* 
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Substituting  these  values  of  m  and  n  in  eq.  (7) 

we  find 

3,  _  ^1  D  +  ^2  M  +  ^3  N 
fli  D  +  fl2  M.  +  as 

From  this  expression  we  obtain  x  in  terms  of  the 
given  coefficients,  by  substituting  for  D,  M,  N, 
their  values  62  C3  —  b^  C2,  &c. :  and  from  the 
value  of  x  written  at  length,  that  of  y  may  be 
found  by  an  interchange  of  the  letters  a  and  b 
without  change  of  suffixes,  and  that  of  z  from 
that  of  X  by  an  interchange  of  a  and  c. 

11.  A  complete  equation  of  the  nth  degree,  in 
X  and  y,  after  suitable  reductions,  may  always 
be  written  thus : 

Ax»  +  Bar"- »  +  C2:''-2+  . . . .  +  Ka;  +  L  =  0; 

where  the  coefficients  A,  B,  C  . .  .  L,  are  of  the 
forms, 

a,b  +  cy,d  +  ey  +fy^.  ,  . 
g  +  hy  +  ky^  +  .    .  +  py„. 

Given  two  such  equations,  one  of  the  wth  degree, 
another  of  the  mth :  required  all  the  systems  of 
values  which,  when  substituted  for  x  and  y  shall 
satisfy  the  two  equations.  The  equations  may 
be  represented,  for  brevity,  as 

f(x,y)=  0,  <p(x,y-)  =  0. 

If  we  restrict  ourselves  to  questions  having  a 
finite  number  of  solutions,  it  is  evident  that 
fix,  y)  and  <p  (x,  y)  can  have  no  common  factor 
involving  x  or  y,  or  both  x  and  y.  Excluding 
these  cases,  there  is  a  simple  test  by  which  we 
can  discover  suitable  values  of  either  unknown. 
Suppose  6  to  be  a  suitable  value  of  y.  Then,  by 
the  question  the  two  equations 

/(a;,  b)  =  0  and  (fi  (x,  b)  =  0, 

must  haveoneormore  roots  in  common:  and  there- 
fore, the  polynomials  /  (x,  b)  and  ip  (a:,  6)  must 
have  a  common  divisor,  F  (a:),  involving  a; ;  and 
the  roots  of  the  equation  F  (x)  =  0  are  the  values 
of  X  corresponding  to  the  value  b  of  y.  Suppose 
conversely  that  /  (x,  6)  and  (p  (x,  b)  have  a 
common  divisor  F  (a:) :  then  any  root  a  of  the 
eq.  F(a:)  =  0,  when  substituted  fo'r  ar,  will  satisfy 
the  two  equations  /  (a?,  J)  =  0  and  (p(x,b)  =  0; 
and  therefore  the  values  a  and  6  of  a:  and  y  form 
a  solution  of  the  given  equations.  Upon  these 
principles  is  founded  the  method  of  elimination 
by  the  process  of  greatest  common  measure. 
Arrange  the  polynomials  f(x,  y)  and  (p  {x,  y) 
with  respect  to  at,  and  apply  to  them  the  process 
of  G.  C.  M.  till  a  remainder  is  obtained  involving 
only  y.  Let  F  (x,  y)  be  the  last  divisor,  and 
i/-  (y)  the  remainder :  then  if 

^(y)=^Q,  (8.) 

the  given  polynomials  have  a  common  measure 
F  (x,  y).    Therefore  the  roots  of  (8)  are,  accord- 
ing to  what  precedes,  suitable  values  of  y ;  and 
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if  any  one  of  them,  6,  be  substituted  in  the  eq. 
F  (^j  y)  =  0  for  y,  it  will  give  corresponding 
value  of  X.  Such  is  the  principle  of  the  method ; 
but  in  practice,  this  tlieoretical  simplicity  disap- 
peai-s,  except  in  rare  cases ;  the  principal  diffi- 
culty arising  from  the  introduction  of  factors 
involving  ?/,  which  give  values  foreign  to  the 
question.  The  necessary  details  are  given  in  the 
most  of  the  good  elementary  works,  such  as 
Bourdon's  Algebre,  Lefebure  de  Fourcy's.  There 
are  other  elementary  points  connected  with  this 
subject  (such  as  the  extension  of  the  method  of 
indeterminate  multipliers  to  equations  of  the  2d 
and  higher  degrees),  which  are  of  great  interest, 
but  must  be  passed  for  want  of  space.  There  is 
an  interesting  and  precise  discussion  of  the  ele 
ments  of  this  subject  in  Peacock's  Algebra.  The 
object  of  every  method  of  elimination  is,  as  in 
the  above  process,  to  obtain  a  final  equation 
^Q/)  -  0  whose  roots  are  the  values  of  one  of 
the  unknowns  proper  to  the  question.  And  a 
method  of  elimination  is  considered  perfect  when 
it  leads  to  a  final  equation  that  admits  of  all  the 
values  of  y  proper  to  the  question,  and  of  no 
othei's.  The  most  general  method  of  this  kind  is 
that  depending  on  the  properties  of  symmetrical 
functions. 

12.  A  function  of  the  roots  of  an  equation  is 
called  symmetrical,  when  the  roots  are  all  in- 
volved in  it  in  precisely  the  same  manner,  so 
that  the  function  is  not  changed  when  the  roots 
are  interchanged  for  each  other  in  whatever  order 
Ave  please.  A  function  called  symmetrical  is 
usually  understood  to  be  rational,  or  such,  that 
none  of  the  roots  is  involved  in  it  under  a  radical 
sign.  It  will  be  remembered  that  each  coefficient 
of  equation  (1)  is  a  rational  symmetrical  function 
of  the  roots.  According  to  Newton's  method,  the 
first  question  upon  this  subject  is,  to  find  the 
sum  (si)  of  the  first  powers  of  the  roots,  the  sum 
(«2)  of  their  second  powers,  the  sum  (sg)  of  their 
third  powers,  &c.,  in  terms  of  the  coefficients  of 
the  equation.  Newton  effected  this  in  a  simple 
and  elegant  manner  by  means  of  the  theorem 
which  has  been  proved  m  the  end  of  section  (5). 
By  actual  division,  or  by  the  statement  made  in 
section  (3),  we  find 


»-3 


+ 


Substituting  successively  b,  c,  . 
this  expression,  and  adduig  all 
together,  we  find 


+ 


.  .     for  o,  in 

the  equations 

.m.  = 

x  —  l 


(«i  +  npi)  a:"- 2  +  (sj  +  PiSy  +  np^) 
a:''-3  +  .  .  . 


To  identify  the  second  member  of  this  equation 
with  the  expression 
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Ba:"-'+(n  — l);)lx«-2+(n  — 2)/>2a:"-»+.  • 

which  we  know,  by  section  (5),  to  be  identical 
with  it,  we  equate  the  coefficients  of  like  powers 
of  X.  Therefore 

'I  +  nPi  =  (ra  —  1)  pi, 
«2  +  Pi  si  +«P2  =  (n  —  2) 


or 


«i  +  i?!  =  0, 
S2  +  PlSl  +  2p2  =  0, 
(1.)  \  ^3+Pl  H  +i?2  «i  +        =  0, 

«m-l  +P\  «m— 2+  .  .  +Pm-2  «i  1) 
Pm-\  -  0. 

The  first  of  these  equations  gives  «i,  the  second 
S2,  the  third  S3,  &c. ;  the  highest  sum  deter 
mined  thus  far  bemg  s„_  1.  Thus, 

«i  =  —Px-,  S2  =Pi  —  ^P2, 

«3  =  —  Pi  +  3piP2  —  3ps, 

H=Pi  —  Ap\Pi  +      Pi  +  2pl  —  4^4  ;  &c 

To  find  the  sums  of  similar  powers  of  the  roots 
whose  indices  exceed  n  —  1,  we  proceed  thus. 
The  given  equation,  multiplied  by  x™,  is 

a:n  +  m_j_p^^n  +  m-l_|_  -[- ^„  _  j       + » 

-f  -  p„       =  0. 

Substituting  successively  for  x  each  of  the  roots 
a,  b,  ...  I,  and  adding  the  resulting  equations 
together,  we  find, 

Sn-f-m+iJl  Sn+m_l  +  +Pn-l«m-f-I 

-\-Pn  Sm    =  0. 

Giving  here  to  m  the  values  0, 1,  2,  3,  &c.,  and 
observing  that  sq  =  n,  vre  find  the  following  re- 
lations ; 


(2.) 


1 


Sn-j-pi  fi„_l-f  . 
*n-|-l  +  Pl  ^n-i- 


.-f-i7„_lSl-f-np"  =0, 
•-\-Pn  -  1  S2+  Pn  Si  =  0, 


The  sums  Si,  S2, . .  •  Sn— i,  are  already  known  by 
equations  (1) ;  the  sum  s„  is  therefore  known  by  j 
the  first  of  equations  (2),  the  sum  Sn  +  i  by  the 
second;  &c.  We  can  find  m  the  same  manner  j 
the  sums  of  similar  powers  of  the  roots,  with  ne-[ 
gative  exponents,  by  making  m  equal  to  —  1,  j 
—  2,  &c. :  but  we  find  these  values  more  easilyl 

by  changing  a;  into  ~  in  the  proposed  equation, ! 

OS 

and  then  calculating,  as  above,  the  sums  of  simi- 
lar powers,  with  positive  exponents,  of  the  roots  j 
of  the  transformed  equation.  The  following  in-  i 
ferences  are  obvious : — The  expressions  of  the  f 
sums  Sj,  $2,  .  ■  .  in  terms  of  pi,  pzi  •  •  •  will  not  1 
contain  any  denominator.  If  the  coefficients  (}>)  i 
are  integers,  the  sums  (s)  will  be  also  integers. 
If  ra  sums  of  similar  powers  are  given,  such  as  «i, 
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.,.  ...«„,  we  can  determine  all  the  coefficients 
')  of  the  equation  by  means  of  (1)  and  (2). 
The  next  question  is  to  find  the  value  of  any 
tibk  Junction,  or  of  the  sum  of  all  possible 
rnis  (a."'       where  a  is  any  one  root  ami  b  any 

ther  root;  the  numbers  /i.,  v,  being  integers. 
•  uch  a  function  is  represented  by  2  (ci/^  bt),  2 

(anding  for  "sum  of;"  thus,  P2  =  ^  {a  6). 

according  to  the  previous  notation,  we  have 

=  a/*  +  ft."*  +....+?/*  ; 
s,   =  a'  +  b"  +  ....  +  l". 

he  product  of  the  second  m'embers  consists  of 
.\  o  parts ;  first,  the  sum  of  all  possible  terras  of 
le  form  a'^  +  o;  second,  the  sum  of  all  possible 
rms  of  the  form  a/u,  bt.  Therefore 

Sm'  St  =  Sfi+v  -\-  2  (a/J-  Jv) ;  or 
S  (au.  b")  =  Sf^s,  —  S/j.-!^ ,. 

I  .nd  hence,  any  double  function  whatever  may 
le  expressed,  under  a  rational  and  integer  form, 
.y  the  coefficients  of  the  given  equation, 
h'he  last  formula  is  altered  if  ^  =  v ;  for  then 
=  a"  l/i,  so  that  the  terms  of  the  double 
unnction  become  equal,  by  pairs,  and  the  function 
!  reduced  to  22  (a^  i/*).  Therefore 

b'he  denominator  2  disappears  when  we  substi- 
uate  for  and  S2u.-  Having  found  the  values 
F  all  simple  and  double  functions  of  the  roots  in 
Tirms  of  the  coefficients  (ja),  we  have  to  find  next 
lae  value  of  any  triple  function  2  (a^^  bf^  c») ; 
Mid  this  we  do  by  multiplying  together  the  double 
innction  2  (a^i/*)  and  the  simple  function  s", 
sind  then  proceeding  in  the  same  manner  as  above. 
Vithout  having  the  work  placed  before  him,  the 
asader  will  easily  find  the  value  of  the  triple 
lanction,  in  terms  of  simple  functions,  and  in  its 
lunplest  form,  to  be 

+  2  SK  +  ft  +  '- 
n-nd  the  same  method  applies  to  the  determina- 
lon  of  quadruple  functions,  and  of  the  succes- 
V've  symmetrical  functions  of  higher  orders, 
aiach  of  the  symmetrical  functions  yet  considered 
1  homogeneous,  or  such,  that  the  exponents  of 
ae  letters  are  the  same  in  all  its  terms.  But  it 
a  easily  seen  that  a  rational  symmetrical  func- 
Mon  which  is  not  homogeneous  must  be  the  sum 
if  two  or  more  such  functions  which  are  homo- 
freneous;  and  further,  that  every  non-integer 
Tmmetrical  function  may  be  reduced  to  a  quo- 
tient of  one  integer  symmetrical  function  by 
nother.  Hence,  the  expression  of  any  rational 
TTnmetrical  function  whatever,  in  terms  of  the 
«oefficients,  may  be  derived  by  mere  addition 
Kind  division  from  the  expressioTis  of  the  simple, 
ouble,  triple  .  .  .  functions  above  investigated, 
'rom  all  which  it  follows  that,  by  Newton's 
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method,  every  rational  aymmelrical  function  oj 
the  roots  of  an  equation  is  expressible  rationally 
by  the  coejflcients  of  the  equation.  The  proper- 
ties of  symmetrical  functions  are  of  the  greatest 
importance  in  the  theory  of  equations.  They 
have  therefore  been  studied  with  great  diligence 
by  several  eminent  algebraists,  particularly  War- 
ing, Lagrange,  and  Cauchy;  whose  inquiries 
have  led  to  some  very  remarkable  methods  and 
results.  But  to  these  matters  want  of  space 
prevents  further  reference. 

13.  AVe  have  already  discussed  a  few  simple 
problems  in  the  transformation  of  equations. 
Upon  the  same  subject  there  are  several  impor- 
tant questions,  of  a  higher  kind,  which  are  cases 
of  the  following: — Given  an  equation  ;  required 
any  assigned  rational  function  of  two  or  more 
of  its  roots.  In  the  investigation  of  such  ques- 
tions it  is  generally  found,  that  symmetrical 
functions  of  the  roots  of  the  given  equation  pre- 
sent themselves  naturally,  and  as  the  principal 
elements  of  the  solution.  One  example  will  be 
given  here,  which  is  of  great  interest  historically 
and  upon  other  accounts.  To  find  an  equation 
whose  roots  shall  be  the  squares  of  the  dijferences 
of  the  roots  of  a  given  eq.  (1.)  The  n  roots  of 
eq.  (1)  being  a,b,  .  .  .1;  those  of  the  required 
equation  are  (a  —  6)'-',  (o  _  c)^  (6  —  cf,  &c. ; 
and  their  number  is  the  number  of  combinations 
(not  permutations)  of  n  letters  taken  two  together, 
n{n  —  V) 


and  therefore  equal  to 


i«.    The  re- 


quired equation  is  therefore  of  degree and  may 
be  represented  by 

2^  +  q^  3«— 1        2-^-2  +  . ..  +  3^  =  0.  (2.) 

The  question  is  to  find  the  coefficients  (5),  which 
are  evidently  symmetrical  functions  of  the  roots 
of  eq.  (1).  The  following  process  is  due  to 
Lagrange.  As  in  the  last  section,  let  Sj,  »2)  •  •  • 
be  the  sums  of  similar  powers  of  the  roots  of  eq. 
(1);  let  Si,  S2,  .  .  .  be  the  like  functions  of  the 
roots  of  eq.  (2) ;  and  let 


(a;  —  «)""•+  (a;  ■ 
+  (a;  —  IJ 

By  substitution  of  a,  6,  .  .  .  I,  successively  for 
X  in  the  last  equation,  and  by  addition  of  the 
results,  it  is  easily  found  that 

?>(«)  +  ?>  (i)  +  ^(c)  +  ••  •  +  (pCO  =  2  Sm. 
Developing  now  the  different  terms  (»  —  «)■ 
&c.,  of  ?  (a;),  by  the  binomial  theorem,  we  find 
that  ^  (a;)  = 

a;^"*  —  2  m  «  a;'^'"-'  +  .  .  .  .  +  0=='" 
+  


+  .  .  .  +  T'"; 


where  the  reader,  if  he  finds  it  necessary,  may 
supply  a  few  additional  terms.  Adding  the  n 
polynomials  contained  in  the  second  member  of 
the  last  equatiou,  we  find 
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<p(,x)  =  na;'''"  — 2»«5iar''»-'  +  .  .  .  +  S2„. 

Substituting  successively  a,  6,  ...  Z  for  a;  in  this 
equation,  and  adding  the  resulting  equations,  we 
obtain  the  following  value  of  (p  (a)  +  (p  (b)  + 
 +  ?>(0,  or  of  2S„; 

2m(2m~l) 


nS2m  —  2  m  $1  $2  m  —  l  + 
«2  ^2  m  —  2  — 


1-2 

+  MS2  wi- 
lt is  easily  seen  that  in  this  expression  the  terms 
equidistant  from  the  extremes  are  equal.  Con- 
necting equal  terms,  and  dividing  by  2,  we  find 

Q  2  m  (2  m  —  l) 

fem  =  nSgm  2mSi  S2m_i  A  ' 

L  u 


^2  *2  »»  —  2  — 


I    Jl    2  W.  (2  OT  —  1)  .  .  .  (ot  +  1) 

—  2         1  •  2  •  3  .  .  .  m 

To  find  now  the  coefficients  (g')  in  terms  of  the 
coefficients  (p)  of  eq.  (1) : 

\si.  Calculate  the  sums  sj,  S2t  *2  /t»? 

in  terms  of  the  coefficients  by  Newton's  for- 
mulas. 

2c?.  Calculate  the  sums  Si,  S2,  .  .  .  .  Syt*,  in 
terms  of  (p),  by  the  formula  last  obtained. 
Thus,  making  «»  =  I,  =  2 ;  Si  =  w  S2  —  Si  Si, 
So  =  n  S4  —  4  Si  S3  +  3  S2  S2) 

3c?.  Calculate  the  coefficients  (g)  in  terms  of 
(^)  by  Newton's  formulas,  g'l  +  Si  =  0,  &c. 
These  operations  are  extremely  prolix,  when  n  is 
greater  than  2  or  3.  There  is  another  very  inter- 
esting question,  of  the  same  class  with  that  now 
solved ;  Eequired  an  equation  whose  roots  shall 
be  equal  to  a  +  6  +  i  a  6,  where  a  is  any  root 
of  a  given  eq.  (1),  6  any  other  root  of  (1),  and 
k  any  given  number.  By  a  simple  course  of 
reasoning,  in  connection  with  this  question,  La- 
grange has  proved,  that  when  the  equationy(a;) 
=  0  is  of  even  dimensions,  is  decomposable 
into  real  quadratic  factors;  seeming  to  prove 
thus  the  fundamental  theorem  which  we  have 
assumed,  that  every  equation  has  at  least  one 
root  real  or  imaginary.  Lagrange's  investigation, 
considered  as  establishing  this  last  result,  is  cer- 
tainly open  to  objection ;  it  is  not  perfectly  clear 
that  the  thing  to  be  proved  is  not  virtually  assumed 
in  the  proof,  the  laws  of  the  composition  and  trans- 
formation of  equations  being  assumed  through- 
out. Dr.  Peacock  has  obviated  this  objection 
by  presenting  the  proof  in  another  form,  which, 
though  not  in  all  respects  quite  satisfactory,  is 
certainly  rigorous,  and  well  worthy  of  attention. 
Lagrange's  proof  may  be  found  in  the  appendix 
to  Bourdon's  Algehre;  the  other  in  a  paper  by 
Dr.  Peacock,  contained  in  the  Reports  of  the 
BrUish  Associalion  for  1833,  where  there  is 
much  valuable  information  to  be  had  upon  the 
theory  of  equations  and  other  branches  of  ana- 
lysis. 

14.  The  properties  of  symmetrical  functions 
find  their  most  useful  application  in  the  foUow- 
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ing  method  of  elimination. 


Let 


a:"*  +  Pl  - '  + 
a;"  +  2i         +  , 


+  Pm-ia!  +  =0(1.) 
+  ?n-ia:  +  y„=0  (2.) 

be  two  equations  in  z  and  of  degrees  m  and  n. 
The  coefficients  and  5-  are  all  rational  integer 
functions  of  y;  and  their  dimensions  are  equal 
to  their  suffixes,  if  the  equations  are  complete. 
Let  a,  b,  c,  . .  .  I,  be  the  m  roots  (x)  of  eq.  (1.) 
Substituting  these  in  eq.  (2),  we  find  the  m  re- 
sults 


>  — 1 


+  qn-i  a  +  q„, 


a**  +  qi  a' 

Let  V  be  the  product  of  these  polynomiak ;  then 
V  =  0  (5.) 

is  the  final  equation  resulting  from  the  elimi- 
nation of  X  between  the  equations  (1)  and  (2); 
for  it  is  satisfied  by  every  value  of  y  that  makes 
any  of  the  quantities  (4)  vanish^  and  by  no 
others.  Now,  V  is  evidently  a  symmetrical 
function  of  the  roots  of  (1) ;  for  when  a,b,c,...l, 
are  interchanged  in  any  manner  for  each  other, 
the  only  effect  upon  V  is  a  change  in  the  order 
of  its  factors.  And  hence,  without  obtaining  the 
expressions  (4)  by  the  resolution  of  eq.  (1), 
which  is  often  impossible,  we  can  express  the 
product  V  in  terms  of  the  coefficients  (p)  and  (jq) 
by  processes  of  which  the  elements  have  been 
already  indicated  (sect.  11) ;  and  the  question  is 
then  reduced  to  the  resolution  of  the  final  equa- 
tion, which  involves  only  y.  The  method  is 
open  to  one  objection,  that  the  operations  required 
by  it  are  in  most  cases  very  prolix.  On  the 
other  hand,  it  gives  a  final  equation,  which  ad- 
mits of  all  the  roots,  and  those  only  that  are 
proper  to  the  question.  It  leads  also,  in  a  simptei 
manner,  to  the  theorem  of  Bezont,  which  is,  that 
the  degree  of  the  final  equation  is  at  most  equal  to 
the  product  of  the  degrees  of  the  given  equations. 
The  proof  may  be  indicated  briefly,  for  the  case 
of  two  equations.  Retaining  the  above  notation, 
each  term  of  the  polynomial  V  is  the  product  of 
m  terms  taken  separately  from  the  m  polyno- 
mials (4),  and  may  therefore  be  represented  by 

_  a  2„  _  (3  .  .  .  .  §'„  _  X  -  a*  &3  . .  .  .  A. 

As  V  is  symmetrical  in  relation  to  a,  b, ...  I,  it 
must  contain  all  the  terms  of  this  form  obtain-  1 
able  bj'  interchange  of  the  constant  indices  a,  (3,  1 
.  ...  X,  for  each  other ;  the  sum  of  which  terms  is  1 

2n — «  ?n  —  |S  .  .  .  .  ?«  —  A  2  a*  fi/^  -  .  -  A-  [ 
V  being  the  sum  of  a  set  of  expressions  derived  , 
from  this  by  the  assignation  of  particular  values  ^ 
to  a,  /3,  ...  A. ;  we  have  only  to  find  the  degree  ( 
of  this  expression  in  relation  to  g.  Now,  by 
hyp.  the  dimensions  (in  y)  of  the  coefficients  (j) 
are  equal  to  their  suffixes ;  therefore,  the  dimen- » 
sions  of  the  product  g,— «  2„  _^  .  .  .  2«  —  x  oi* 

1 


• 
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—  a)  +  (»— /3)  .  .  .  .  +  (b  —  X),orTO»  — 
+  /5  +  •_••_+  A.).   Next,  with  regard  to  2  a« 
A ;  it  is  expressible  in  terms  of  tlie  sums 
.2,  .  ■  •  m  an  integer  formula,  which  is  of  the 
?gree  «  +  /?+....+  x  in  relation  to  tlft 
(Its  a,  b,  &c.,  of  eq.  (1),  as  we  have  seen  parti- 
ilarly  in  the  end  of  sect.  11,  with  regard  to  the 
)uble  and  triple  functions ;  and  this  expression 
reducible  to  another,  in  terms  of  the  coefficients 
))  of  eq.  (1),  which,  by  Newton's  formula,  is  of 
e  same  degree,  a  +  /3  +  .  .  .  +  A.,  in  relation 
y.    Addmg  «  +  /3  +  .  ,  .  +  X  to  the  quan- 
y  m  n  —  (a  +  /3  +  .  .  .  +  x)  previously 
und,  we  obtain  mn  as  the  degree  of  the  final 
nation.    In  particular  cases  (when  the  equa- 
ms  are  incomplete),  the  degree  may  be  less 
an  m  n.    Simple  rules  have  been  obtained  for 
ang  the  degree  of  the  final  equation  precisely 
all  cases,  as  may  be  seen  in  a  memoir  by 
inding  in  the  Joum.  de  Mathem.,  tome  vi. 
le  method  of  elimination  by  symmetrical  func- 
ms  has  been  extended,  in  a  very  elaborate  form, 
rticularly  by  Poisson,  to  any  number  of  equa- 
ns.    But  returning  to  the  simplest  case,  that 
two  equations,  it  is  evident  that  the  method 
es  not  enable  us  to  find  directly  the  values  of 
3  second  unknown  which  correspond  to  the 
)ts  of  the  final  equation.    To  supply  this  want, 
Duville  has  originated  a  beautiful  method: 
urn.  de  Mathem.,  tome  xii.    He  introduces  a 
riable  t,  connected  with  x  and  3/  by  the  relation 

t  =  X  +  a7/,  OT  X  =  t  —  ay  (2.) 

leing  an  indeterminate  parameter.  Substitut- 
,t  —  ay  for  X  in  the  given  equations,  and 
ninating  y,  he  obtains  an  equation 

/(<,      =  0  ;  (3.) 
lence,  putting  a  =  0,  and  therefore,  by  (2), 
=  X,  he  obtains  the  final  equation 

fix,  0)  =  0.  (4.) 
e  values  of  y  corresponding  to  the  roots  (a;)  of 
( (4)  are  obtained  simply,  in  virtue  of  the  rela 
~'  (2)  and  (3),  in  terms  of 


divisor  of  -  + 
r 


dt  da.  ' 

-  Resoldtion  of  Numekical  Equations. 
y^O  find  the  roots  of  an  equation  exactly,  or 
iroximately,  when  the  coefficients  are  given 
ibbers.  This  inquiry  has  engaged  the  atten- 
0  of  the  ablest  mathematicians  of  modem  times, 
il  it  is  now  completely  solved,  at  least  in  the 
tjt  important  branch  of  it,  that  concerning 
il  roots.  And  what  is  of  the  greatest  practical 
iquence,  the  solution  has  been  reduced  to 
ute  arithmetical  rules,  which  are  general  and 
Iple,  and  in  all  cases  easily  applied.  Only  the 
re  interesting  investigations  and  results  of  an 
mmtary  kind  can  be  noticed  here,  and  these 
7  briefly. 

^-5.  Given  an  equation loUh  integer  coefficients; 
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required  the  integer  roots.  We  should  naturallv 
proceed  here  by  trial,  substituting  particular  in- 
tegers for  X,  and  retaining  those  as  roots  that 
satisfy  the  equation.  To  avoid  the  excessive 
labour  often  connected  with  such  work,  we  may 
employ  the  method  of  divisors.  Let 

ax^+bx^-\-cx^  +  dx-\-e  =  Q, 
be  an  equation  with  integer  coefficients ;  and  Ifjt 
r  be  a  root,  also  an  integer :  then 

-  =  —  ar^  —  hr'^  —  cr  —  d. 
r 

The  second  member  of  this  equation  is  a  whole 
number,  by  hypothesis :  therefore  r  is  a  divisor 
of  e.  Agam,  transposing  —  dto  the  first  side, 
and  dividing  by  r,  we  find  a  quotient 

—  a    —  br  —  c, 

which  also  is  a  whole  number :  therefore  r  is  a 

d.    Proceeding  thus,  we  obtain 

the  following  theorwn :  The  coefficients  of  an 
equation  being  integers,  and  r  being  an  integer 
root ;  r  is  a  divisor  of  the  last  term :  and  if  the 
quotient  be  added  to  the  coefficient  of  a;,  r  is  a 
divisor  of  the  sum :  and  if  this  quotient  be  added 
to  the  coefficient  of  x',  r  is  a  divisor  of  this  sum : 
and  so  on,  till  we  reach  the  last  quotient,  which, 
with  the  coefficient  of  the  highest  power  of  x, 
gives  a  sum  zero.    The  use  of  this  theorem,  in 
connection  with  our  present  question,  is  obvious ; 
it  excludes,  first,  all  integers  as  not  roots,  except 
the  divisors  of  the  last  term ;  it  exdudes  of  these 
all  except  those  that  fulfil  the  second  condition  ; 
and  so  on,  to  the  last  condition,  which  excludes 
all  integers  not  roots,  that  may  have  fulfilled  all 
the  previous  conditions.    There  is  another  rule 
of  exclusion,  that  was  given  by  Newton,  and 
that  saves  often  a  good  deal  of  work.    Upon  the 
hypothesis  of  the  former  theorem ;  let  A  be  the 
value  of  the  first  member  of  the  equation  when 
X  =  1,  and  B  its  value  when  x  =  —  1 ;  then, 
A  and  B  are  divisible  by  r  —  1  and  by    +  1 
respectively.    The  proof  is  left  to  the  reader. 
Example : 

—  11  a;-  +  14  a;  —  24  =  0. 
Here  A  =  —  20,  and  B  =  —  48.  Of  the  divi- 
sors positive  and  negative  of  —  24,  which  are  fif- 
teen in  number,  the  last  theorem  excludes  all  but 
the  four,  2,  3,  —  3,  —  4.  Observing  then  that  the 
coefficient  of  x^  is  0,  the  first  theorem  is  applied 
in  the  following  table  of  simple  work,  each  second 
line  containing  the  quotients : — 


2 

—  12 

2 
1 

—  10 
—  5 


3 

—  8 
6 
2 

—  9 

—  3 

—  1 

0 


—  3 
8 
22 


—  4 
6 

20 

—  5 
—  16 

4 

—  i 
0 
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So  that  the  only  integer  roots  are  3  and  —  4.  If 
the  equation  has  two  or  more  integer  roots  equal 
to  each  other,  the  above  process  does  not  determine 
them.  But  generally,  when  several  integer  roots 
a,  b,  &c.,  have  been  found,  the  given  equation 
sliould  be  depressed  by  the  removal  of  the  fac- 
tors X  —  n,  X  —  b,  &c.,  as  the  transformed  equa- 
tion is  simpler  and  more  manageable  in  all 
respects  than  the  proposed.  A  very  simple  me- 
thod of  effecting  this  will  be  given  in  the  follow- 
ing section.  The  equation  being  transformed  in 
this  manner,  the  mode  of  examination  for  equal 
roots  is  obvious :  it  is  just  a  repetition  upon  the 
transformed  equation,  of  the  process  formerly  ap- 
plied to  the  given  one :  only  we  may  restrict  our- 
selves to  numbers  which  we  have  already  found 
to  be  roots.  In  practice,  we  might  proceed  in  an 
equally  simple  manner,  by  finding  the  successive 
differential  coefiicients ji  {x),f2  (x),  &c.,  of/ (a;), 
and  then  finding  the  integer  roots,  if  any,  com- 
mon to  the  equations 

fQo)  =  0,  A  W  =  0:  /2  (x)  =  0:  &c. 

Having  found  the  integer  roots,  and  having 
removed  the  corresponding  factors :  required  the 
remaining  commensurable  roots.  These  must  be 
irreducible  fractions ;  and  the  following  theorem 
shows  when  there  are  such  roots,  and  how  they 
are  to  be  found.  The  coefficients  of  the  equation 
being  whole  numbers,  and  that  of  the  highest 
power  of  (x)  being  +  1,  all  the  commensurable 
roots  are  integers.    For  let 

X*      a     +  b  x'  +  cx  +  e  =  <) 
be  such  an  equation;  and  suppose  the  irredu- 
cible fraction  —  to  be  a  root.  Substituting-^ 

for  X,  and  multiplying  the  equation  by  we 
find 
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—  =  —  am 
n 


,3  —  btf?  n  —  cmri^  —  e 


The  second  member  is  an  integer,  and  the  first  is 
not,  because  m  is  prime  to  n :  so  that  the  equa- 
lity is  impossible;  no  fractional  number  can 
satisfy  the  given  equation.  Given  an  equation 
then,  in  the  form  (1),  with  integer  coefiicients; 
there  can  be  no  question  about  commensurable 
roots  other  than  integers.  Given  an  equation  m 
anv  other  form,  reduce  it  tirst  to  an  equation 
whose  coefiicients  are  all  whole  numbers;  and 
then  h  being  the  coefficient  of  the  highest  power 
.ix,  transform  thi^  equation  into  another  (section 
■i)  whoso  roots  are  h  times  greater  The  final 
equation  is  of  the  form  (1);  therefore,  to  find 
an  the  commensurable  roots  of  the  given  equa- 
tion, find  all  the  integer  roots  of  the  latter,  and 
livide  each  by  Ic  ,      „  ,  „ 

IG.  To  divide  the  first  member  a;»  +  Pi  ^ 
+  .  .  .  +  P„  of  a  numerical  equation  by  a;  —  r 
where  r  is  a  given  number;  we  niay_ proceed 
simply  as  follows,  by  "  Detached  Coefiicients. 
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Pi 
r 

21 


P2 

rji 
22 


2n- 


R 


Write  the  coefficients  in  a  line,  and  +  r  to  the 
right :  multiply  r  by  the  first  coefficient  1,  place 
the  product  under  pi,  and  add  to  pi,  getting  gi : 
multiply  2i  by  r,  place  the  product  under  p2,  and 
add,  gettmg  q^,  &c.,  to  the  last  sum  R.  The 
quotient  required  is  x^  —  '^  +  qi  ai^—'^  +  q^  x^~^  + 
.  .  .  .  +  g-n  —  i,  and  the  remainder  is  R,  The 
principle  of  the  method  has  been  stated  already 
(section  1) ;  but  the  process  may  be  considered 
simply  as  the  entire  work  of  the  division,  all 
writing  being  omitted  that  we  can  safely  dis- 
pense with.  The  utility  of  this  short  method 
will  be  better  seen  at  a  future  stage :  but  observe 
here,  that  if  r  is  a  root,  R  =  0,  and  conversely ; 
which  gives  a  simple  test  for  discovering  integer 
roots,  and  for  obtaining  at  the  same  time  the 
depressed  equations  resulting  from  the  removal 
of  the  corresponding  factors.    Example : 


x^  —  6x-  +  11  a; 

—  6  = 

0. 

Trying  the  divisors 
find 

1  —6 
1 

x-1, 

11 

—  5 

x  —  2, 

—  6 

G 

X— 3, 
LL. 

—  5 

6 

0 

1 

—  6 
2 

U 
—  8 

—  6 
6 

12 

t  

—  4 

3 

0 

1 

—  6 
3 

11 
—  9 

—  6 
6 

 2 

b 

we 


so  that  1,  2,  3,  are  tlae  roots.  Again,  we  have 
seen  that  the  equation 

a;^  —  11  ar'  +  14  a;  —  24  =  0 

required  the  depres- 


has  two  roots,  3  and  —  4 : 
sed  equation- 

1       0—11  14 

 3   9  —± 

3     —-i  8 

_4   4  —8 

.ZT        2  0 


—  24 
24 

0 


[3^4 


so  that  the  depressed  equation  is 
a:^  —  .r  +  2  =  0, 

which,  when  resolved,  gives  tlie  remaining  roots 
of  the  proposed  equation.  After  these  details,  we 
may  suppose,  henceforth,  that  our  given  equa- 
tion has  been  freed  from  commensurable  roots, 
and  also  from  equal  roots  by  the  meUiod  already 
explained  (section  8).  Upon  this  supposition 
there  are  two  principal  inquiries  now  before  us : 
first,  the  separation  of  the  roots  into  real  and 
imaginary,  positive  and  negative,  with  the  deter- 
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raination  of  integer  limits  between  which  the 
real  roots  are  severally  situated  :  second,  the  dis- 
covery of  the  values  of  the  real  roots  to  any 
required  degree  of  approximation. 

17.  Two  numbers,  the  one  greater  and  the 
other  less  than  the  root  of  an  equation,  are  called 
Limits  of  that  root,  the  first  a  superior  limit,  the 
second  an  inferior.  Evidently,  the  less  the  dif- 
ference between  the  limits,  the  more  useful  thev 
are  for  defining  the  position  of  the  root.  The 
only  question  we  shall  consider  here  is,  how  to 
determine  a  superior  and  an  inferior  limit  of  all 
the  real  roots  of  an  equation.  Of  the  various  rules 
given  for  this  purpose,  the  following  are  among 
the  simplest  and  most  valuable: — The  numeri- 
cally  greatest  negative  coefficient  of  the  equation, 
taken  positively  and  increased  by  unity,  is  a  supe- 
rior limit  of  all  the  real  roots.  Again :  If  the 
f  rit  negative  term  that  occurs  in  an  equation  (1) 
6e( — p  X"  -™),  andtkegreatest  negative  coefficient 
ie  ( —  a) ;  the  quantity  (1  +  Jy/  a)  is  a  superior 
limit  of  all  the  roots.  Again :  If  a  number  (b), 
substituted  for  (x),  make  f  (x)  and  its  successive 
differential  coefficients  all  positive ;  (b)  is  a  supe- 
rior limit  of  the  positive  roots.  Again  :  If  we 
add  to  unity  a  series  of  fractions  whose  numera- 
tors are  the  successive  negative  coefficients,  and 
denominators  the  sums  of  the  positive  coefficients, 
including  that  of  the  first  term;  the  greatest  of  the 
resulting  values  is  a  superior  limit  of  all  the  roots. 
If  we  had  space  to  enter  into  the  proof  of  these 
rules,  we  should  only  have  to  show,  that  for  the 
value  of  X  assigned  in  each  case  as  the  limit,  and 
for  all  higher  values,  the  first  member /(a;)  has 
values  different  from  zero.  Thus,  to  prove  the 
first  rule,  which  is  due  to  Maclaurin,  let  ( —  a) 
be  the  greatest  negative  coefficient:  then,  the 
quantity 

—a  (a;"-'  +  ar"-^  + 


+  1) 


cannot  be 
value  of  X 


greater  than  f(x)  for  any  positive 
for  the  positive  and  negative  parts  of 
the  expression  are  less  and  greater  respectively 
than  those  of  /(x).  Therefore,  we  find  a  limit 
by  satisfying  the  inequality 


>0, 


or 


X—  1 

x—l 

(x  —  1  —  o)  +  o 
x  —  l 


>0, 


>0; 


and  this  is  satisfied  if  a;  —  1  =:  o,  or  x  —  1 
^  a ;  that  is,  if  x  1  +  a.  The  second  rule 
iff  proved  in  the  same  manner :  only  we  satisfy 
tlie  inequality 

3j"  —  a  (ar"""  +  ^  —  m—\ 
+  1)^0. 
The  third  rule  is  due  to  Kewtoa 


+  X 
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a  closer  limit  than  any  other,  and  is  easily  applied 
if  we  begin  at  the  highest  differential  coefficient, 
and  proceed  regularly  towards  /(x),  enlarging 
the  limits  as  we  find  it  necessary.  To  prove  it : 
diminish  each  root  of  the  given  equation  bv  a 
quantity  (e),  or  substitute  +  e  for  x :  the  result- 
ing equation  is,  by  Taylor's  theorem, 

/(e)  +  yfi  (e)  +  &c  =  0; 

and  evidently  it  has  no  positive  root  (y)  if  e  be  a 
limit  according  to  the  rule.  The  fourth  rule  is 
due  to  Bret :  it  is  easily  applied,  and  sometimes 
gives  very  close  limits.    Example : 

+  X*  —  4  x'  —  6  x^  —  7000  X  +  800   -  0. 

The  superior  limit  found  by  the  first  rule  is  7001, 
by  the  second  1  +  V  7000  or  84,  by  Newton's 
7,  by  Bret's  10  :  the  greater  labour  in  the  third 
case  is  more  than  compensated  by  the  smallness 
of  the  limit.  To  find  now  an  inferior  limit  of 
all  the  real  roots :  change  x  into  —  y,  and  find  a 
superior  limit  of  the  roots  {y)  of  the  transformed 
equation.  To  find  an  inferior  limit  of  the  posi- 
tive roots:  change  x  into  — ,  and  find  a  superior 
y 

limit  (a)  to  the  roots  (y)  of  the  transformed 
equation ;  then  -  is  the  limit  required,  for 


">  -  .  • .  1     ax . 


i<«. 

a 


It  often  gives 


It  is  obvious  that  in  some  cases  there  can  be  no 
question  about  the  limits  of  real  roots,  as  when 
the  powers  of  x  are  all  even,  and  the  coefficients 
all  positive ;  in  other  cases,  no  question  about  the 
limits  of  positive  roots,  as  when  all  the  coeffi- 
cients have  the  same  sign ;  in  other  cases,  none 
about  the  limits  of  negative  roots,  as  when  all 
the  terms  of  even  dimensions  have  one  sign,  and 
those  of  odd  dimensions  the  contrary, 

18.  Upon  the  separation  of  the  roots,  we  may 
begin  with  this  theorem :  Ifi(f)  and  f  (s)  have 
contrary  signs  (r  and  a  being  any  real  numbers'), 
the  equation  f  (x)  =  0  has  one  root  or  some  odd 
number  of  roots  between  (r)  and  (s) ;  and  if  f  (r) 
and  f  (s)  have  the  same  sign,  the  equation  has  no 
root  or  some  even  number  of  roots  between  (r)  uTid 
(s).  It  has  been  proved  already  upon  simple 
grounds  (sect.  1),  that  iif(f)  and/(s)  have 
contrary  signs,  the  equation  has  at  least  one  real 
root  between  r  and  s.  To  prove  this  more  gene- 
ral theorem,  let  a,  b,  .  .  .  h,  be  the  real  roots  of 
/(x)  =  0  :  then, 

/(x)  =  (x-  a)(x_J)  .  .  .  (x  — yt)  (a-); 

<p  (x)  being  the  product  of  the  real  quadratic  fac- 
tors corresponding  to  the  imaginary  roots,  if  there 
are  such.  We  observe  first  that  ip  (x)  cannot 
undergo  a  change  of  sign  for  any  successive  real 
values  of  (x);  for  if  it  did,  the  equation  tpQr) 
=  0  would  have  at  least  one  real  root  (by  the 
elementary  theorem  just  mentioned),  and  ^  (x) 
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would  contain  a  real  factor  (x  —  ?)  of  the  first 
degree.  Hence,  the  signs  of  /(x)  for  different 
values  of  x  depend  only  upon  the  signs  of  its 
factors, 

X  —  a,  X  —  6,  ....  (a;  —  Z;). 

And  now,  if  / (r)  and  / (s)  have  contrary  signs, 
it  is  evident  that  one  of  the  factors  (x  —  a),  or 
some  odd  number  of  them,  have  changed  their 
signs  in  the  passage  from  one  substitution  (x  —  r) 
to  the  other  (x  =  s) ;  and  therefore  one  of  the 
roots,  a,  or  some  odd  number  of  them,  lie  between 
(?-)and(s).  In  like  manner,  if/(r)  and/(s) 
have  the  same  sigu,  either  none  of  the  factors 
(x  —  a)  or  an  even  number  of  them,  have 
chaaged  their  signs  in  the  passage  from  (x  =  r) 
to  (x  =  s).  The  bearing  of  this  theorem  upon 
our  question  is  obvious :  but  to  obtain  a  perfect 
method  from  it,  some  ether  considerations  are 
necessary,  which  will  be  supplied  immediately. 
This  question  of  separation  of  the  roots  is  evi- 
dently most  important;  for  there  can  be  no  reso- 
lution of  a  numerical  equation  till  we  know  the 
number  and  positions  of  the  real  roots.  Accord- 
ingly', the  subject  has  been  examined  by  able 
algebraists  with  the  greatest  diligence ;  and  many 
interesting  results  have  been  obtained,  such  as 
the  theorem  of  Descartes,  those  of  De  Gua,  and 
those  of  Fourier  contained  in  his  posthumous 
work  upon  Equations.  Referring,  for  a  sufficient 
view  of  some  of  these,  to  Dr.  Peacock's  paper 
already  mentioned,  we  shall  present  here,  first, 
Lagrange's  method,  and  then  that  of  Sturm, 
which  may  be  considered  as  superseding  all 
others. 

19.  The  first  rigorous  method  of  separating 
the  roots  was  suggested  by  Waring,  discovered 
independently  by  Lagrange,  and  expounded  by  the 
latter  in  his  great  work  on  the  Resolution  of  Nu- 
merical Equations.   Given  a  numerical  equation 

/(a;)  =  0;  (1.) 

find  a  second  equation 

f  {y)  =  0,  (2.) 

whose  roots  {y)  shall  be  the  squares  of  the  difier- 
ences  of  the  roots  (x)  of  eq.  (1) ;  a  problem  that 
we  have  noticed  at  sufficient  length  (sect.  13). 
By  any  of  the  methods  that  have  been  indicated 
(sect.  17),  find  an  mferior  limit  to  thej)ositive 
roots  of  eq.  (2):  let  it  be  m:  then  Jm  is  less 
than  the  difference  of  any  two  roots  of  (eq.  (1). 
Returning  to  the  given  equation,  find  a  superior 
and  an  inferior  limit  {p  and  q)  of  all  its  roots.  Sub- 
stitute now  successively  for  x  \qJ(x),  a  set  of 

numbers 

A-o,  (fc— l)a,  (fc— 2)0,.... 

._(/»— 1)  a,— /ja; 
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tuted  for  x,  there  must  be  either  one  root  or  no 
root  of  eq.  (I).  By  the  theorem  just  proved 
(last  sect.),  the  signs  of  /(x)  for  the  two  values 
of  X  are  different  in  the  case  of  one  root,  similar 
in  the  case  of  no  root ;  so  that  the  only  thing 
to  be  observed  is,  the  succession  of  signs  of 
y'(^)  foi"  t'ls  values  k  a,  (k  —  1)  a,  <fec.,  of  x. 
This  is  a  theoretically  perfect  method ;  it  delects 
all  the  real  roots  inevitably ;  and  it  fixes  their 
positions  by  means  of  a  superior  and  an  inferior 
limit  for  each.  The  work,  however,  is  enor- 
mous, and  for  equations  of  high  degrees,  impracti- 
cable. And  although  Cauchy  has  simplified  the 
method  to  this  extent,  that  we  require  to  find 
only  the  last  term  of  eq.  (2),  yet  even  thus  the 
calculations  are  excessively  tedious,  and  the 
work  is  transferred  in  a  measure  from  one  part  of 
the  process  to  another,  as  the  value  of  the  inter- 
val (a)  is  generally  by  Cauchy's  method  much 
too  small.    We  come  now  to  Sturm's  theorem. 

20.  Let  /(x)  =  0  be  a  given  equation,  which 
has  no  equal  roots,  or  has  been  deprived  of  them. 
Find  the  differential  coefficient  fi  (x)  of  /  (x). 
Apply  to  the  polynomials  / (x)  and  fi  (x)  the 
ordinary  process  of  greatest  common  measure,  in 
all  its  details,  except  that  each  of  the  remainders, 
before  being  taken  as  a  divisor,  has  the  signs  of 
all  its  terms  changed.  Denote  the  successive 
remainders,  with  their  signs  changed,  by  fo  (x), 
fsQc),  .  .  .  fr-\  (x),fr.  The  last  remainder 
— fr  is,  by  the  nature  of  the  process,  independent 
of  X ;  it  is  also  different  from  0,  because  the  given 
equation  has  no  equal  roots.  Sturm's  theorem  is 
as  follows : — In  the  series  of  functions 

/(a:),/i  (a;)./2       •  •  '  -/r-i  W./'. 

siihstiiuie  any  number  (a)  for  (x),  and  write  in 
order  and  in  one  line  the  signs  assumed  by  the 
successive  functions :  in  like  manner,  substitute  a 
second  number  (h^for  (x),  and  find  a  second 
series  of  signs:  then,  the  difference  between  the 

number  of  variations  (4  or  1-)  in  the  first 

series  of  signs,  and  the  number  of  variations  in 
the  second  se7nes,  is  precisely  the  number  of  the 
real  roots  of  the  given  equation  which  lie  between 
(a)  and  (b).  For  simplicity  of  reference,  the 
proof  will  be  thrown  into  paragraphs. 

(L)  It  may  be  assumed  here  (see  sect  1)  that 
each  of  the  functions  under  consideration  is  a 
continuous  function  of  x.  And  therefore  none  of 
the  functions  (f)  can  undergo  a  change  of  sign 
(in  virtue  of  a  continuous  change  in  the  value  of 
x),  without  passing  through  zero. 

(2.)  Denoting  the  successive  quotients  by  qi, 
^2,  &c.,  we  have,  by  hypothesis, 

/(^)  =  gi/i(^)-/2W. 

/i  (a:)  =  22  /2  (a;)  —fa  (»). 


a  being  equal  to  Jm,  or  to  any  less  number  ' 
more  convenient;  k  a  being  not  less  thanp,  and 
—  A  a  not  greater  than  q.  All  the  real  roots  of  eq. 
( 1)  lie  between  k  a  and  — ha ;  and  in  the  interval 
between  any  consecutive  pak  of  values  substi- 


/r_8(x)  =  2p_l/r-l  (x)—fr' 

More  generally,  any  three  consecutive  functions 
/„_!,/„,/„  -f  1,  are  connected  by  an  equation, 
of  the  form 


338 


EQU 


(2.) 


where  s  and  C  are  positive  numerical  factors,  in- 
troduced for  convenience,  as  in  the  process  of 
G.  C.  M.,  to  prevent  the  occurrence  of  fractions. 

(3.)  No  two  consecutive  functions  fn— i  and 
fo  can  vanish  for  the  same  value  (a)  of  (x). 
For  if 

/H_i(a)  =  0,  and/»(a)  =  0, 

the  equation  (2)  gives 7),+ 1  (o)  =  0 ;  and  since 
the  three  functions 4.  i, + 21  ai'e  con- 
nected by  an  equation  of  tlie  same  form  as  (2), 
we  find  in  the  same  manner^  ^  2  (*)  —  ^'^^ 
so  on,  to  the  last  result  f  =  Q,  which  is  impos- 
sible. 

(4.)  If  any  intermediate  function  (any  one  of 
the  series  except  the  first  or  the  last)  vanishes  for 
the  value  (a)  of  (x),  the  preceding  function  and 
the  following  have  contrary  signs  for  the  value 
(a) ;  and  these  signs  are  constant  for  all  values  of 
(x)  induded  between  an  inferior  limit  which  is 
less  than  (a)  and  a  supei'ior  limit  which  is  greater 
than  (a).    For  ifyi  (a)  =  0,  equation  (2)  gives 

s  •/»-!  (fl)  =  —fn+i  (a); 

so  that  the  two  functions  and^-l-i  have 
;  contrary  signs  for  the  value  (a),  unless  they 
!  both  vanish,  which  they  do  not  (par.  3):  and 
■  farther  (par.  1),  the  two  functions  preserve  their 
-  signs  unchanged  for  all  values  of  x  included  be- 
;  tween  those  two  of  the  roots  of  the  equations 

/n_i  (x)  =  0  and/„  +  i  (x)  =  0, 

'  which  are  next  less  than  (a)  and  next  greater 

;  than  (a)  respectively,  roots  necessarily  difierent 

it  in  value  from  (a). 

(5).  If(c)  be  a  root  of  the  equation  f  (x)  =  0 ; 

fl  the  signs  of  the  first  two  functions  f  (x)  andi-y  (x) 
change  from  contrary  to  similar,  when  (x)  in- 
creases from  below  (c)  to  above  (c).  It  has  been 
already  proved  (sect.  1),  that 

f(x+k)  =f(x-)  +fi  (x)  •  A  +  Q  +  R  A»  +  &c. ; 
and 

/(x  —  h)  =f(x)  — /i  (x)  •  7t  +  Q  /i^  —  R  A'  +  &c. 

whence,  observing  that/(c)  =  0,  we  find 

^•(c  +  h)=h  {/i  (c)  +  (Q)  A  +  (R)    +  &c.  [ , 

f(c-h) = A  {  -/i  (c) + (Q)  A  —  (R)    +  &c.  J-  i 

^  where  the  coefficients  (Q),  (R),  &c.,  cannot  be 
infinite.  Now  let  A  be  an  indefinitely  small  quan- 
t'ty.  It  is  evident  (as  in  the  end  of  sect.  1) 
that  the  signs  of  the  second  members  of  the  last 
two  equations  are  the  same  as  those  of  their  first 
terms;  and  therefore, / (c  +  A)  has  the  same  sign 
aa^i  (c),  and/(c  —  A)  the  contrary  sign.  And 
since  (as  in  last  par.),/i  (c  -  h),f  (c),  /i(c  +  A) 
nave  aU  the  same  sign;  we  infer  that  /(c  —  A) 
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and  fl  (c  —  A)  have  contrary  signs,  while 
f(c  +  A)  and  /i  (c  +  A)  have  the  same  sign. 

(6.)  Consider  now  the  changes  that  take  place 
in  the  series  of  signs  of  the  functions  (/"),  while 
X  increases  continuously  through  any  range  of 
magnitude.    There  is  no  change  at  any  point  of 
the  series  till  one  of  the  functions  passes  through 
zero  (par.  1):  we  shall  suppose  therefore,  first, 
that  X  has  reached  a  value  a  for  which  one  of 
the  intermediate  functions,  /„,  vanishes.    It  has 
been  proved  (par.  4),  that  when  x  passes  through 
a,  the  signs  of/„_i  and/„+i  are  unchanged, 
and  contrary  to  each  other;  and  therefore,  the 
signs  of/„_  i,/„/„+i,  present  one  variation  and 
one  permanence  for  values  of  x  immediately  above 
a,  as  for  values  immediately  below  a ;  the  change 
of  sign  of /„  having  only  the  efiect  of  making  per- 
manence and  variation  change  places  in  three 
consecutive  signs  of  the  series.    Hence,  by  the 
passage  of  x  through  values  which  cause  any 
one  or  more  of  the  intermediate  functions  to 
vanish,  there  is  no  change  produced  in  the  total 
number  of  variations.    Suppose  next,  that  x  has 
attained  a  value  b  for  which  /  (a:)  vanishes.  It 
has  been  proved  (par.  5),  that  in  this  case,  the 
signs  of  /  (x)  and  /i  (x)  form  a  variation  for 
values  of  x  immediately  below  b,  and  a  perma- 
nence for  values  immediately  above  6;  there- 
fore, the  series  of  signs  loses  a  variation  when  x 
passes  through  the  value  b.    As  x  increases 
from  the  root  b  of  the  given  equation  to  the  root 
c  next  greater,  the  variations  in  the  series  of 
signs  are  not  altered  in  number;   but  their 
arrangement  is  necessarily  altered  in  such  a  man- 
ner, that  before  x  reaches  c,  the  first  two  signs 
of  the  series  are  changed  from  permanence  to 
variation ;  and  this  variation  is  lost  when  x 
passes  c.    It  is  therefore  evident,  that  the  num- 
ber of  variations  in  the  series  of  signs  of  the  func- 
tions (y)  is  diminished  by  unity  every  time  that 
x  increases  through  a  root  of  the  equation,  and 
is  neither  diminished  nor  increased  in  any  other 
case :  which  was  to  be  proved.    This  admirable 
theorem  was  presented  by  Sturm  to  the  Institute 
of  France  in  1829,  and  published  in  tlie  Memoires 
for  1835 :  it  took  its  place  at  once  in  the  ele- 
ments as  an  invaluable  contribution  to  the  Theory 
of  Equations.    For  various  important  remarks 
upon  the  theorem,  and  for  examples,  the  reader 
must  be  referred  to  regular  works,  such  as 
Young's  Treatise  on  Equations.    For  an  instruc- 
tive application  of  Sturm's  method  to  a  particular 
class  of  equations,  see  Serret's  Higher  Algehra, 
the  13  th  lesson. 

21.  To  find  the  values  of  the  incommensurable 
roots,  to  any  assigned  dcgreec  of  approximation. 
This  is  the  only  remaining  inquiry  tliat  is  of 
much  practical  interest  in  the  theory  of  numeri- 
cal equations,  after  we  have  seen  how  to  detect 
all  the  real  roots,  and  to  assign  special  limits,  a 
superior  and  an  inferior,  for  each  of  them.  The 
most  natural  mode  of  solution,  and  one  that  need 
not  be  dwelt  upon,  is  to  substitute  for  x  in  /  (x) 
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a  set  of  numbers  intermediate  between  the  two 
limits  of  the  required  root,  till  two  numbers  are 
obtained,  which  give  results  of  contrary  signs, 
and  whose  diflFerence  is  less  than  the  fraction  that 
expresses  the  degree  of  approximation.  Either 
of  the  last  two  numbers  may  be  taken  as  the 
required  approximate  value  of  the  root.  To  reach 
a  result  of  this  kind  with  certainty,  in  a  regular 
and  simple  manner,  and  with  as  little  work  as 
possible ;  such  are  the  objects  of  the  higher  me- 
thods of  approximation.  Of  these  methods  there 
are  three  which  have  obtained  a  classical  stand- 
ing in  the  elements.  The  oldest  is  due  to  New- 
ton. Lety  (x)  =  0  be  the  given  equation :  let  o 
be  an  approximate  value  of  the  required  root, 
found  as  above ;  let  a  +  y  be  the  true  value  of 
the  root.  When  x  is  changed  into  a  +  y,  the 
equation  becomes 


y  =  — 


/(«)  _ 


+  y«  =  0,  or 


Q 


R 


&c. 


(3.) 


Now  if  y  be  a  small  fraction,  the  powers  y",  y', 
&c ,  are  much  smaller,  and  the  eq.  (3)  gives, 
nearlv 

y=_/(^.  (4.) 

Thus;  let  the  approximate  value  a  be  true  to 
one  decimal  figure,  or  let  y  be  less  than  "1 ;  then 
y-'  -01,  2/' "001,  &c. ;  and  therefore  we 
may  suppose  generally,  that  the  part  of  eq.  (3) 
omitted  in  eq.  (4)  is  -01,  or,  that  the  value 
of  y  given  by  eq.  (4)  is  true  to  two  places  of  deci 
mals.  Find  therefore  the  value  of  the  quotient 
— /(a)  :/i  (a)  to  two  decimal  figures,  and  add 
to  a.  Tlie  sura,  b,  is  the  value  of  the  root,  true 
to  two  places.  For  a  second  approximation ; 
representing  the  true  value  of  the  root  by  6  +  z, 
and  proceeding  as  before,  we  find 

Calculate  the  value  of  the  quotient — f(b)  :/x  (I) 
to  four  places  of  decimals,  and  add  to  b.  The 
sum  c,  is  the  value  of  the  root,  true  to  four 
places.  Without  more  details,  it  will  be  seen 
that  the  one  formula  of  correction  is 
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of  probable  failure  have  been  clearly  fixed,  and 
precautions  of  a  simple  kind  have  been  indicated 
which  are  sufficient  to  insure  a  correct  result  in 
every  case.  And  these  are  matters  that  must 
continue  always  to  be  of  interest,  on  account  of 
the  great  simplicity  of  principle,  and  easiness  of 
application,  that  are  characteristic  of  Newton'a 
method.  Here,  however,  it  must  suflfice  to  ob- 
serve, that  each  approximate  value  may  be  sub- 
mitted to  a  simple  test,  which  is  perfectly  ade- 
quate in  everj-  case,  although  the  work  be  tedious. 
To  verify  the  value  b,  (true,  as  we  have  sup- 
posed, to  two  decimal  figures),  find  the  values  of 
/  (6)  and  /  (6  +  -01).  If  these  have  contrary 
signs,  the  approximation  (6)  is  correct ;  if  similar 
signs,  it  is  incorrect :  and  in  the  latter  case  we 
must  begin  anew,  with  a  more  approxiniate  value 
instead  of  a,  &c.  Example ;  required  the  roots  of 

a;»  _  5  X  —  3  =  0. 

We  find  easily  +  3  and  —  2  as  a  superior  aiid 
an  inferior  limit  of  the  roots.  Substituting  the 
numbers 

—  2,-1,  0,  1,  2,  3, 

for  X,  we  find  the  values  of  f(x)  to  be 

—  1,  +  1,  —  3,  —  7,  —  5,  +9. 

Hence,  (sect.  18),  the  three  roots  are  real,  one 
between  2  and  3,  one  between  0  and  —  1,  one 
between  —  1  and  —  2.  To  determine,  first,  the 
positive  root, 

/(2-5)  =  +  -125;  /(2-4)  =  —  M76; 

therefore,  the  value  2-4  of  x  is  true  to  the  last 
figure.    Applying  now  the  formula  of  correction 


z  = 


V  = 


where  x  is  the  preceding  approximate  value,  and 
;/  the  new  correction,  the  number  of  decimal 
figures  in  y  beuig  twice  as  many  as  jn  x.  The 
successive  approximations  given  by  this  method 
are  far  from  being  universally  comet.  The  sub- 
ject has  been  discussed  at  large  by  Lagrange 
Fourier,  and  other  more  recent  writers:  the  cases 


y  =  — 


fix)  _  _  x^  —  5  X  —  3 
X(«)  3x'  — 5  ' 


we  find 


X  =  2-4 


/(2-4)  _ 


=  2-4  + 


1-176 
12-28 


;-49: 


A  (2-4) 
and  in  verification,  we  find 

/(2-49)  =  — -011761  ;/(2-5)=  +  -125. 
As  a  second  approximate  value,  we  find 

49  +  -COOS 


A  (2-49) 


X  =  2-4908; 

which  is  true  to  fonr  places,  as  may  be  -vTerified 
by  calculating /  (2-4908)  and/  (2-4909),  By 
changing  x  into  —  x,  and  finding  the  two  posi- 
tive roots  of  the  transformed  equation,  we  ob- 
tain the  negative  roots  of  the  given  equation : 
they  are  —  -6566  and  —  1-8342. 

22.  We  come  now  to  Lagrange's  method  of 
approximation  ;  the  conception  of  which  is  re- 
markably simple  and  elegant.  It  consists  in  the 
development  of  each  real  root  under  the  form  of 
a  continued  fraction.  Compared  with  Newton's, 
tliis  method  is  very  laborious ;  but,  on  the  other 
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band,  it  gu-BS  approximate  values  that  may  be 
relied  upon  in  all  cases  without  discussion.  In 
■what  follows,  it  will  be  assumed  for  convenience, 
that  all  the  real  roots  differ  from  each  other  by 
more  than  unity.  If  this  were  not  the  case,  we 
could  -change  all  the  roots  in  any  proportion,  and 
proceed  from  the  transformed  equation.  We 
shall  suppose  also,  that  the  integer  parts  of  all 
the  roots  have  beea  found.  Let  th«  given  equa- 
tion be 

/(x)  =  0;  (1.) 

and  let  (a)  be  the  integer  part  of  the  required 
root,  which  may  be  supposed  positive.  Assume 

1 

JC  =  «  +  -  , 

y 

This  «spression,  substituted  for  {x)  in  eq.  (1), 
gives  an  equation 

P(y}  =  o.  (2.) 

which  is  of  the  same  degree  as  eq.  (1),  and  has 
the  same  number  of  roots.  Observing  now  that 
the  roots  (y)  of  Bq.  (2),  when  substituted  in  the 

expression  «  4 — ,  must  give  the  roots  (x)  of  eq. 

■(1);  observing  also  that  the  required  value  of  a; 
lies  between  <i  and  a  +  1 ;  we  infer,  that  the 
required  value  of  y  is  positive,  and  greater  than 
J.  It  is  evident  also  that  the  eq.  (2^  can  admit 
of  only  one  sadi  root^  for  otherwise,  the  eq.  (1) 
would  have  more  than  one  root  between  a  and 
«  +  1,  which  is  contrary  to  the  hypothesis. 
Hence,  if -we  substitute  for  y  in  eq.  (2)  the  sue 
«essive  integers  1,  2,  3,  4,  we  must  arrive 
sooner  or  later  at  two  consecutive  integers,  b  and 
i>  +  1,  such,  th&tF(jS>)  and /'(A  +  1)  have  con- 
trarj'  signs.  The  number  i  so  determined  is  the 
integer  part  of  the  required  value  of  t/ :  and  we 
have,  as  a  first  approximation, 

1 

»  =  a  +  7. 

0 

Bat  we  may  now  proceed  from  eq.  (2)  in  pre- 
cisely the  same  way  as  we  did  from  eq.  (1 ).  As- 
suming 

and  substituting  for  y  in  (2),  we  find  an  eq. 

9  (2)  =  0,  (3.) 
which  has  only  one  root  greater  than  I ;  which 
root  is  found,  by  successive  substitutions,  to  lie 
between  the  consecutive  integers  c  and-c  +1. 
Assuming  again 

1 

z  =  c  +  —, 

V, 

and  substittrtingi  n  (3),  we  find  sm  equation 

V'(«)  =  Q,  (4.) 
tlie  only  root  of  which,  proper  to  the  question,  is 
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found  as  before,  to  be  intermediate  between  the 
two  integers  d  and  H-  1 ;  and  so  on.  Having 
assumed  successively 

x  =  a  +— ,  y  =  S  +  — ,  2  =  c  +  — ,  &c. 
1/  z  « 

we  have  finally 


a  + 


c  +  &c 


•ru  '  ^   a   ab  +  1  , 

I  he  snccessive  conv«rgents  -  ,  —  ,  are  ai- 

1  o 

ternately  superior  and  inferior  limits  of  the 
required  root,  each  of  them  being  nearer  the  trtie 
value  of  the  root  than  the  preceding :  and  the 
degree  of  approximation  is  certainly  closer  than 

that  expressed  by  the  fraction     ,  w  being  the  de- 

nominator  of  the  last  convergent.  These  are 
inferences  from  the  simplest  properties  of  conti- 
nued fractions.  It  only  remains  to  observe,  that 
for  the  formation  of  the  successive  equations  (2), 
(3),  &C.,  which  is  the  most  tedious  part  of  the 
process,  there  is  a  simple  and  uniform  course  of 
worlc  assigned  by  Taylor's  theorem.  Supposing 
the  equation  to  be  of  the  wth  degree,  and  denot- 
ing the  successive  differential  coeflScients  of  y(a:) 
by/i  Q>s),f2  («))  &c.,  we  find 


/ 


(« + })  =/(«)  +/i  («)  4  +  ^/2  («)  • 


1  k 

-T  +  •  •  •  +  "i- 


where  i  is  the  coefficient  of  x"  in  eq.  (1).  Mul- 
tiplying by  3/" ,  and  equating  to  0,  we  find  eq.  (2) 

/■C«)  •J'"-'  +-i/2  (a) -y—' 

+  .  . .  +  )fc  =  0^ 

and  similarly  for  the  others.  Example :  required 
the  positive  root  of  the  equation 

— 5x  — 3  =  0^ 

which  we  know  to  be  between  2  and  3.  Here 

2  + 

y 

and  equation  (2)  is  found  to  be 

F(y-)  =  5y'  —  7y^  —  Sy-l  =0; 

whence,  F(l)  =  _  9,  F(2)  =  —  1,  F  (3)  = 
f  53  i  and,  therefore 

y  =  2  +  \, 
and  eq.  (3)  is  found  to  be 

i(,(z)  =  2»  _  26  e''  —  23  z  —  6  =  0; 
whence  f  (26)  =  —  (603,  p  (2=  7)  +  103;  and 
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;  26  +- 


We  find  thas,  for  x,  the  continued  fraction 
1 


2  +■ 


2  + 


26  + 


1  + 


6  +  &c. 


The  conTcrgeuts  are 


2  6  132  137  954 
1'  2'  "53'    55'  383' 


Tlic  last  differs  from  the  true  value  of  the  root 

1  1 
by  a  fraction  less  than  ^^^gji  146689' 

23.  We  have  now  to  notice  Homer's  method 
of  approximation ;  and  this  must  be  done  very 
briefly.  We  shall  suppose  that  the  integer  part 
of  each  incommensurable  root  has  been  found  in 
the  first  place  by  Sturm's  theorem,  or  otherwise. 
We  may  assume  also,  for  simplicity,  that  all  the 
roots  of  the  equation  difier  from  each  other  by 
more  than  unitj--,  and  that  the  root  required  is 
positive,  and  lies  between  0  and  10,  so  that  its 
integer  part  consists  of  not  more  than  one  figure. 
Let  the  given  equation  be 


(1) 


and  let  h  be  the  integer  part  of  the  required  root. 
The  first  step  in  Horner's  process  is,  to  diminish 
each  root  of  eq.  (1)  by  the  number  k,  the  first 
figure  of  the  required  root.  If  we  suppose  y  +  h 
substituted  for  x  in  eq.  (1),  and  represent  the 
transformed  equation  by 


F(j,)  =  0; 


(2.) 


each  root  (?/)  of  eq.  (2)  -will  be  less  than  a  cor- 
responding root  (x)  of  eq.  (1)  by  the  number  h, 
as  required.    The  second  step  is,  to  multiply  each 

root  of  eq.  (2)  by  10.  If  we  suppose  —  substi- 
tuted for  y  in  eq.  (2),  and  denote  the  transformed 
eq.  by 

<p(x)  =  0;  (3.) 

each  root  (.r)  of  eq.  (3)  will  be  ten  times  a  cor- 
responding root  of  eq.  (2),  as  required.  Now, 
from  the  nature  of  the  process,  it  is  evident  that 
the  root  of  (2)  which  corresponds  to  the  required 
root  of  (1)  lies  between  0  and  1.  It  is  evident 
also,  from  the  hypothesis,  that  eq.  (2)  has  only 
one  root  between  these  limits ;  for  otherwise,  some 
of  the  roots  of  (1)  would  differ  from  each  other 
bv  less  than  unity.  Hence,  of  the  roots  of  eq. 
(3),  that  corresponding  to  the  required  root  of 
(1)  lies  between  0  and  10 ;  and  eq.  (3)  has  only 
one  such  root.    The  third  step  is,  to  find  the  m- 
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teger  part,  i,  of  the  only  root  of  eq.  (3)  that  lies 
between  0  and  10.  This  number  k  is  evidently 
the  second  Jigure  of  the  required  root.  Having 
found  k ;  to  carry  on  the  approximation,  proceed 
from  eq.  (3)  precisely  as  before  from  eq.  (1) :  dimi- 
nish each  root  of  (3)  by  k ;  multiply  each  root  of 
the  transformed  equation  by  10;  find  the  integer 
part,  I,  of  the  only  root  of  the  last  equation  that 
lies  between  0  and  10.  The  number  /  is  evi- 
dently the  third  Jigure  of  the  required  root,  and 
so  on.  The  method  is  very  easily  extended, 
beyond  the  special  hj'pothesis  that  we  have  been 
proceeding  upon,  so  as  to  apply  to  any  equation, 
however  small  be  the  difierences  of  the  roots,  and 
whatever  be  the  integer  part  of  the  root  required. 
But  we  have  space  here  only  for  first  notions. 
With  regard  to  the  form  of  tlie  calculations,  this 
will  be  best  indicated  by  an  example.  Required 
the  positive  root  of  the  equation 

a;3_5x— 3  =  0; 

which  lies,  as  we  already  know,  between  2  and 
3.  The  first  step,  the  passage  from  eq.  (1)  to 
eq.  (2),  is  effected  thus ; 


0 
2 


2 
2 


4 

2 


_S  |2_ 

 9 


—  1  —5 


The  reader  will  easily  imderstsnd  this  worft,  if 
he  has  a  distinct  recollection  of  the  method  of 
Detached  Coefiicients,  as  explamed  in  sect  16, 
and  also  of  the  solution  of  problem  6  in  sect  7. 
In  the  first  two  lines,  the  first  member  of  the 
equation  is  divided  by  x — 2:  the  quotient  is 
found  tobear'  +  2jr  —  1,  and  the  remainder  is 
 5.  In  the  next  two  lines,  the  preceding  quo- 
tient is  divided  by  a; —  2 :  the  quotient  is  found 
to  be  a;  +  4,  and  the  remainder  7.  In  tlie  last 
two  lines,  the  preceding  quotient  is  divided  by 

X  2 :  the  remainder  is  found  to  be  6.  Thus, 

the  numbers  (—5,  7,  6)  at  the  feet  of  the 
columns,  are  precisely  those  denoted  in  sect.  7  by 
Ri,  Rg,  R3 :  and  therefore,  by  the  simple  work 
above,  we  find  the  eq.  (2)  to  be 

The  second  step,  the  passage  from  eq.  (2)  to 
eq.  (3),  is  effected  at  once,  according  to  probl.  3, 
section  7.  Thus,  from  the  last  equation  we 
find 

ar"  +  60  x'  +  700  X  —  5000  =  0.  (3.) 

We  find  next  the  integer  part,  i,  of  the  root  of 
(3)  that  lies  between  0  and  10 ,  and,  in  conti- 
nuation, we  diminish  each  of  the  roots  of  (3)  bj 
k\  thus: 
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fin 

700 

  5000 

4 

256 

3824 

956 

—  1176 

4 

272 

68 

1228 

4 

72 

Li- 


This  piece  of  -work  is  precisely  similar  to  the 
former :  only,  the  condition  by  which  4  is  deter- 
mined to  be  the  value  of  k,  ought  to  be  dis- 
tinctly noticed.  It  is  this :  that  4  is  the  largest 
number  of  the  series,  0,  1,  2,  3  ...  9,  which 
gives  a  remainder  ( — 1176)  at  the  foot  of  the 
last  column,  having  the  same  sign  as  the  number 
( —  5000)  at  the  top  of  the  column ;  and  the 
reader  should  be  able,  at  this  stage,  to  see  the 
reason.  We  have  thus  found  the  first  two  figures 
of  the  root  to  be  2-4;  and  by  proceeding  simi- 
larly from  the  set  of  coefficients 

1       720       122800  —1176000, 

we  should  find  the  third  figure  to  be  9,  the 
fourth  0,  the  fifth  8,  &c.  Observe  now  that  we 
may  present  the  second  piece  of  work  as  a  conti- 
nuation of  the  first,  by  affixing  one,  two,  three, 
ciphers,  respectively,  to  the  numbers  at  the  feet 
•of  the  columns  in  the  first  piece,  and  then  pro- 
ceeding from  these  numbers  as  we  have  done  in 
the  second  piece.  In  this  manner  it  is  evident, 
that  however  far  we  have  to  carry  the  approxi- 
mation, we  can  throw  the  whole  calculations  into 
a  continuous  piece  of  arithmetical  work,  and  this 
work  as  easily  managed  as  any  of  the  operations 
in  elementary  arithmetic.  And  here  lies  the  in- 
disputable superiority  of  Horner' s  method.  There 
is  one  inconvenience  incident,  at  first  sight,  to 
the  process :  as  the  approximation  is  carried  on, 
the  numbers  involved  in  the  work  become  very ! 
large.  But  this  difficulty  is  completely  removed 
by  the  use  of  certain  contracted  modes  of  work- 
ing, which  present  no  difficulty,  and  which  are 
similar  to  those  employed  in  the  multiplication 
and  division  of  decimals.  For  Homers  own  ex- 
position of  the  method,  see  the  P/iil.  Trans,  for 
1819.  For  what  is  considered  a  better  exposi- 
tion of  the  whole  subject,  see  Young's  Treatise  on 
Equations. 

24.  The  only  thing  that  remains  to  be  noticed, 
on  the  resolution  of  numerical  equations,  is  the 
determination  of  imaginary  roots :  but  this  branch 
of  the  subject  is  of  little  practical  interest.  When 
the  number  of  real  roots  of  an  equation  has  been 
determmed  by  Sturm's  theorem,  or  in  any  other 
manner,  it  is  known  at  once  whether  the  equation 
Has  imaginary  roots,  and  how  many.  To  find 
such  a  root,  when  it  is  known  to  exist,  substitute 

.>J  —  '^^otxm  the  given  equation.  The , 
result  18  an  equation 


H  +  K  V"^=  0, 
where  H  and  K  are  algebraic  expressions  in- 
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volving  a  and  h,  and  independent  of  J  —  1. 
Any  set  of  values  of  a  and  h  that  satisfy  this 
equation,  or  the  equivalent  pair  of  simultaneous 
e  quations 

II  =  0,  K  =  0, 

give  an  iraaginarj'  root  {a  +  h  J  —  1)  of  the 
proposed  equation.  According  to  this  method, 
the  determination  of  imaginary  roots  depends 
upon  a  process  of  elimination. 

HI.  On  THE  Algebraic  Eesoluticst  op 
Equations. 

The  coefficients  of  an  equation  being  arithme- 
tically given,  or  being  simply  supposed  known, 
but  left  indeterminate,  and  represented  by  letters; 
required  an  expression  composed  of  the  coeffi- 
cients, which,  when  substituted  for  the  unknown, 
shall  satisfy  the  equation  identicallj'.  Such  is 
the  principal  question  with  which  we  are  now 
concerned.  The  researches  of  the  modern  ma- 
thematicians upon  this  and  other  cognate  ques- 
tions form  a  large  part  of  the  higher  Algebra. 
They  are  almost  without  exception  much  more 
difficult  and  abstract  than  anything  we  have  yet 
had  before  us ;  they  are  encumbered  also,  for  the 
most  part,  with  tedious  and  intricate  prelimi- 
nary theories:  so  much  so,  that  nothing  more 
can  be  given  here,  upon  the  higher  parts  of  the 
subject,  than  a  slight  historical  sketch. 

25.  The  roots  of  unity,  or  the  roots  of  the 
equation 

a™  —  1  =  0,  (2.) 

are  of  such  importance  in  what  follows,  that  some 
of  their  properties  must  be  noticed.  First :  If  in 
the  three  equations 

X™       1,  a"  =  1,      =  1, 

m  and  n  are  any  whole  numbers,  and  p  their 
greatest  common  measure ;  the  roots  common  to 
the  first  two  equations  are  precisely  those  of  the 
third.  To  prove  this :  Let  a  be  any  root  com- 
mon to  the  first  two.  Let  m  and  n  be  submitted 
to  the  process  of  G.  C.  M. ;  and  let  q  be  the  first 
quotient  and  r  the  remainder,  so  that  m = »  g  + »" : 
then 

a""  =  a"  «  +  >■  =  a"  9  •  o*". 
But,  by  hypothesis,  a"*  =  1 ;  and  therefore 

o"  9  •  a'  =  1. 
Again,  by  hypothesis,  a»  =  1 ;  and  therefore 
«"«f=  1. 

Dividing  the  last  equation  by  this,  we  find 
C-  =  1: 


so  that  every  root,  a,  common  to  the  first  two 

equations,  is  a  root  also  of  the  equation  a;*"  1  =  0. 

By  a  simple  extension  of  this  reasoning  it  ap- 
pears, that  every  root  common  to  the  first  two  of 
the  given  equations  is  a  root  also  of  the  third 
343 
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"We  have  only  to  see  further,  that  every  root  of 
the  third  given  equation  is  common  to  the  first 
two.  Let  b  be  any  root  of  the  third,  so  that 
6p  =  1 :  then,  the  numbers  vi  and  n  being  mul- 
tiples of  p,  the  quantities  ft"  and  6"  are  powers  of 
bf,  that  is,  powers  of  1,  and  therefore  equal  to  1. 
Which  proves  (he  theorem.  Hence,  if  m  and  w  are 
prime  to  each  other,  the  first  two  equations  have 
no  root  in  common  except  unity.  If  we  under- 
stand by  Primitive  Roots  of  eq.  (2)  those  roots 
of  (2)  that  do  not  belong  to  any  equation  of  the 
same  form  and  less  dimensions  (a  definition  that 
will  be  useful  immediately);  we  infer  from  what 
has  been  proved,  that  when  m  is  a  prime  num- 
ber, all  the  roots  of  eq.  (2)  are  primitive  roots 
except  unity. 

Further:  If  a  be  a  root  of  the  eq.  (2),  every 
power  of  a  is  a  root  of  the  same  equation.  By 
hypothesis,  a"»  =  1.  Raising  both  members  of 
this  equation  to  the  nth  power,  we  find 

(a™)"  =  a™"  =  (a")"*  =  1 : 

-whence,  a",  or  each  term  of  the  indefinite  series 


a,  a\  o^,  o  ,  a" 


is  a  root  of  the  given  equation  a;™  =  1 :  which 
■was  to  be  proved.  Since  the  equation  is  of  the 
mth  degree,  the  series  of  powers  of  a  cannot  con 
tain  more  than  m  distinct  quantities,  however 
prolonged.  And  this  is  evident  otherwise,  from 
the  condition  by  -which  a  is  determined:  for  if 
■we  multiply  the  equation  o"*  =  1  by  a,  by  a^, 
by  o^  &c.,  we  find  a^  +  i  =  a,  a"  +*=a^  &c. 

Further :  If  m  be  a  prime  number,  and  a  be 
any  root  of  eq.  (2)  except  unity ;  the  m  roots  of 
the  equation  will  be  represented  precisely  by 


a',  a* 


„m  — 1 


We  have  seen  that  each  of  these  magnitudes  is  a 
root :  -we  have  only  to  see  further  that  they  are 
all  difierent.  Suppose  that  any  two  of  them,  op 
and  a«  are  equal.  Divide  the  equation  ap  -  ai  by 
ai\  then,  aP-9  =  1 :  -whence,  it  -would  foUow 
that  the  given  equation  has  a  root  in  common 
with  the  equation  xP-?  =  1,  which  is  of  less 
dimensions.  This  -we  have  seen  to  be  impossible, 
m  being  a  prime  number.  Therefore,  all  the  m 
terms  of  the  above  series  are  different  from  each 
other,  and  each  of  them  is  a  root :  which  proves 
the  theorem.  This  does  not  hold  when  m  is  a 
compound  number,  and  a  any  root  of  the  equa 
tion  It  will  be  seen,  however,  by  the  nature  of 
the  proof,  that  the  theorem  does  hold  when  m  is 
a  compound  number,  provided  a  be  a  primitive 
root  of  the  given  equation.  The  importance  of 
primitive  roots  will  now  be  apparent:  for,  what- 
ever be  the  value  of  m,  if  we  can  find  one  such 
root  of  eq.  (2),  its  m  successive  powers  will  fur- 
nish all  the  roots  of  (2).  If  we  haa  space  for 
the  prosecution  of  this  subject,  we  would  obtain 
several  interesting  theorems,  almost  as  simple  as 
the  above,  leading  to  this  important  result,  that 
tiie  resolution  of  eq.  (2),  when  m  la  a  com- 
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pound  number,  is  reducible  to  the  resolution  of  a 
set  of  equations  of  the  same  form  as  (2),  -whose 
dimensions  are  equal  to  the  prime  factors  of  m. 
Thus;  if  m  —  p'",  where  ^  is  a  prime  number; 
the  eq.  (2)  is  found  to  have  a  set  of  primitive 

roots,  whose  number  is  »»  (1  ) :  and  each  of 

P 

the  roots  of  (2)  is  found  to  be  expressible  as  a 
product 

where  a\  is  any  root  of  the  equation      ^  1, 
any  root  of  xP  =  Oj,  03  any  root  oiaiP  =  Og,  &c. : 
and  this  product  is  a  primitive  root  of  (2),  if  oi 
is  different  from  unity.    Simplifications  of  much 
tlie  same  kind  are  obtained,  when  m  involves  any 
number  of  unequal  prime  factors.    With  regard 
to  the  above  results,  it  should  be  observed  for  the 
sake  of  the  beginner,  that  the  subsidiary  equa- 
tions xP  =  ai,  xv  =  ogi       present  no  difficulty, 
if  we  know  how  to  resolve  the  equation  xp  =  1. 
Consider  an  eq.  a;'"  =  a:  let  c  be  the  arithmeti- 
cal mth  root  of  a :  introduce  a  new  unknown,  y, 
such  that  X  =  cy.    The  eq.       =  a  becomes 
gm  ytn  —  (.m^  or,  ^"^  =  1 :  and  the  roots  of  the 
latter,  multiplied  by  c,  give  the  roots  of  the 
former.    After  these  results,  we  may  suppose  m 
in  eq.  (2)  to  be  a  prime  number.    The  only  re- 
maining question  is,  to  resolve  (2)  on  that  sup- 
position.   The  beautiful  and  ver\-  effective  re- 
searches of  Gauss  upon  this  question  will  fall 
under  our  notice  more  properly  afterwards.  Mean- 
while, the  following  elementary  method  is  appli- 
cable in  all  cases.    Let  m  =  2  n  +  1.    By  the 
theory  of  Reciprocal  Equations,  explained  in 
(sect.  9),  we  can  reduce  the  resolution  of  eq.  (2) 
to  that  of  an  eq.  (3)  of  the  nth  degree.    It  is 
easily  proved  that  all  the  roots  of  (3)  are  real. 
Their  values  may  be  obtained,  therefore,  to  any 
degree  of  approximation,  by  Horner's  process,  or 
otherwise,  if  they  are  not  expressible  by  radi- 
cals; and  then  the  roots  of  (2)  are  found  at 
once,  as  they  are  connected  with  those  of  (3)  by 
a  quadratic  equation.    The  resolution  of  (2)  ef- 
fected in  this  manner  is  not  strictly  algebraic, 
unless  (3)  is  resolvable  algebraically.    For  an 
excellent  exposition  of  this  whole  subject,  see 
Serret's  Higher  Algebra,  the  13th  Lesson,  already 
referred  to.    The  solution  of  eq.  (2)  by  De 
Moivre's  theorem,  which  is  given  in  most  books 
upon  trigonometry,  is  upon  the  whole  the  best 
that  has  been  obtained:  but  it  is  not  in  any 
right  sense  an  algebraic  solution. 

26.  We  proceed  to  the  algebraic  resolution  of 
equations  of  the  third  degree.  Of  the  various 
methods  that  have  been  proposed,  the  following 
is  certainly  the  simplest:  it  is  due  to  Hudde. 
The  equation 

a;'+ax  +  c  =  0  (3.) 

is  general  enough  in  form,  as  the  second  term  of 
the  equation 
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may  be  made  to  disappear  by  a  simple  prepara- 
tory process,  whatever  be  the  coefEcients  (sect.  7, 
probl.  6).    To  resolve  eq.  (3)  we  assume 

x  =  i/  +  z;  (4.) 

■where  y  is  a  new  unknown,  and  z  a  function  of  i/ 
to  be  determined  afterwards.  Substituting  from 
(4)  in  (3),  we  find 

(y  +  z)'  +  o  (y  +  z)  +  c  =  0,  or 

(y'  +     +  c)  +      +  z)  (3  yz  +  a)  =  0.  (5.) 

If  now  we  determine  z  by  the  condition 


3yz  +  a 
and  the  eq.  (5)  is  reduced  to 

(/*  +  z'  +  c  =  y'  — 


0,  we  find  a  =  —  — : 
3  y ' 


a' 


27/ 

3 


+  e  =  0  ;  or 


a- 


0. 


(6.) 


This  equation,  resolved  as  a  quadratic,  gives 
1^  = 


2 


+ 


V 


+ 


27  • 


C2  rt' 

60  that,  if  we  represent  —  +  —  by  E,  we  find 

4  ^  I 


+  VR. 


(7.) 


Having  obtained  y  in  terms  of  the  coefficients  of 
(.3),  we  find  from  eq.  (4), 


3y' 


(8.) 


80  that  the  question  is  solved.  The  values  of  y 
given  by  eq.  (7)  are  six  in  number  as  they  ought 
to  be.    Thus,  if^  and  q  be  cube  roots  of 

c   .  c   

—  2+  ^/ R  and—  2— V  li, 

and  if  o  and  b  be  the  imaginary  cube  roots  of  1, 
the  values  of  y  are 

p,  ap,  hp,  q,  aq,  b  q. 

It  might  be  thought,  therefore,  that  the  values  of 
X  determined  by  eq.  (8)  would  be  six  in  num- 
ber, which  they  ought  not  Observe,  however, 
that  the  eq.  (6)  is  not  changed  by  the  substi- 
tution of  ~-  for  y;  whence  it  follows  that 

the  six  roots  of  eq.  (6)  are  related  to  each  other 
in  pairs  thus : 

rand-  -«-,.and-iL,«and-A; 

and  it  is  seen  at  once,  that  x,  as  determined  by 
eq.  (8),  has  one  value  for  the  first  pair  of  roots, 
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one  for  the  second,  and  one  for  the  third  pair, 
three  values  in  all.  It  follows  also,  that  in  tbo 
formula 

X  =  y  +  z, 

considered  as  a  solution  of  the  question,  we  have 
to  substitute  for  z  as  well  as  for  y  one  of  the  six 
values  of  the  second  member  of  (7);  and  these 
values  are  to  be  chosen  under  the  one  condition 
that  the  product  of  y  and  z  shall  be  equal  to 
a 

—  — .    Observing  then  that 


pq 


+ 


./R 


7_ ^  _ « . 

~   V  "~  27  ~      3  ' 

observing  also,  that  of  a  and  b  the  imaginary 
cube  roots  of  unity,  one  is  the  square  of  the  other 
(by  last  sect.),  and  therefore  their  product  a  6  is 
equal  to  1 ;  we  find  the  following  to  be  the  three 
values  of  x,  the  three  roots  of  eq.  (3) : 

p  +  q,  ap+bq,  bp  +  aq: 

and  these  may  be  represented  by  one  formula, 
usually  called  Cardan's : 

The  resolution  of  cubic  equations  appears  to  be 
due  to  Scipio  Ferrei  and  Tartaglia,  two  Italians 
of  the  sixteenth  century ;  but  how  it  was  etFected 
by  them  is  not  known. 

27.  Lagrange's  method  of  resolving  the  gene- 
ral equation  of  the  third  degree  must  be  noticed. 
Let  the  eq.  be 

+  px^  +  qx  +  r  =  0;  (1.) 

and  let  its  roots  be  xi,  X2,  x^.  Lagrange  begins 
by  determining  the  value  of  a  function  t  of  the 
three  roots,  such,  that 

<  =      +  A  a:2  +  B  X3 ;  (2.) 

and  from  this  function  he  obtains  the  expression 
of  the  roots  themselves.  It  is  evident  that  if  the 
roots  (a;)  change  places  in  all  possible  ways,  the 
function  t  will  assume  six  different  forms  or 
values.  Hence,  the  equation  for  determining  t 
will  be  of  the  sixth  degree.  However,  it  will  be 
resolvable  as  a  quadratic  if  it  can  be  obtained  so 
as  to  involve  no  other  powers  of  t  than  f  and  ; 
and  this  is  done  as  follows.  Let  A  and  B  be  the 
two  imaginary  cube  roots  of  unity,  and  denota 
them  by  a,     :  then 

■t  ^  xi  +  ax2  +  a'  x^.  (3.) 
Multiplying  this  eq.  by  a,  and  by  a*,  we  find 
a  t  =  a  xi  +  a'     +  Xs,  and 

O"  (  =  +  Xj   +  a  Xg. 
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Comparing  the  second  members  of  these  three 
equations,  we  see  that  the  last  two  are  derivable 
from  the  first  by  simply  making  the  roots  (x) 
change  places.    It  follows,  that  if  we  assume 

h  =  xi  +  ax2  +  a'  xg,  ?  ,^  s 
t2  =  Xi  +     X2  +  ax^  \  J       ^  '-^ 

the  six  values  of  t  will  be 

the  first  three  of  which,  and  the  last  three,  are 
the  roots  respectively  of  the  two  equations 


0,  and 


•/|  =  0. 


So  that  the  equation  for  determining  <  is  of  the 
form 

0*  —  tl)  (f  —  tt)  =  0,  or 

<"  —  (<?  +  tl)  f  +  t\tl=  0,  (5.) 

as  required.  To  find  the  coefficients  of  (5)  in 
terras  of  those  of  the  given  equation,  we  make  use 
of  the  equations  (4),  together  with  the  relation 

1  +  a  +  a2  =  0,  (6.) 

which  is  evident  from  this,  that  1,  a,  a?,  are  the 
three  roots  of  the  equation  x^  —  1  =  0.  Multi- 
plying the  two  equations  (4),  we  find 

<2  =  a;!  +  a;|  +  x\ —  Xi  x^ — xi  x^  —  x^,  X3 

=  (  Xi  +  X2  +  SCa)^  —  3  {xi  X2  +      Xg  +  X2  ^3) 

=  pi—Bq.  (7.) 

In  a  similar  manner,  but  more  tediously,  we 
find 

t\  +  tl  =  —  2p^  +  ^      —  r. 

Thus,  the  reducing  equation  (5)  is  found  to  be 

j6  +  (2p3_9p2  +  27r)<'  +  O2_3  2)3=:0. 

Let  Vi  and  r2  be  the  two  roots  (f)  of  this  quad- 
ratic: then 

To  find  now  the  roots  (x),  Ave  make  use  of  the 
equations 

 p  =  Xi  +  X2  +  x^, 

<i  =  Xi  +  + 

<2  =  Xi  +  a"  X2  +  a  X3. 

Remembering  the  eq.  (6),  we  find  easily 

—  JJ  H-  <x  +  <2  =  3  xj, 

—  p  +  c?tx  +  a  <2  —  3  X2, 
_  p  +  a  <i  +  a'^  <2  =  3  0:3. 

In  these  expressions,  the  value  of  <i  is  any  of  the 
three  values  of  Ijri ;  but  one  of  these  being 
assumed,  the  value  of  <2  of  V'*2  is  connecteil 
with  it  by  the  relation  already  found, 

h  h  =         •  .v/»"2  =  /  —  3  J. 
28.  To  resolve  the  general  equation  of  the 
fourth  degree.  Ferrari's  method,  sometimes  called 
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Waring's,  is  the  oldest  and  simplest  Let  the 
given  eq.  be 

a;*  +  ax'  +  6x='+ca;  +  d=0.  (1.) 

Putting  it  in  the  form 

X*  +  o  x'  =  ■ —  hx^  —  cx  —  (/, 


and  addinpt 


tc  both  members,  it  becomes 


^x^  +  ^^y'=  {^-l\^^-cx-d.  (2.) 

If  the  second  member  of  (2)  were  a  complete 
square,  the  equation  might  be  depressed  to  the 
second  degree  by  the  extraction  of  the  square 
roots  of  both  members.  Now,  to  this  pai-ticular 
case  Ferrari's  method  reduces  all  other  cases  by 
the  introduction  of  a  new  unknown,  z,  as  follows : 
Adding  to  both  members  of  (2)  the  quantity 


I  z  +     ,  we  find  the  eq. 


+  x+  "--<f.  (3.) 

The  second  member  of  (3)  will  be  a  complete 
square,  if  z  have  such  a  value  as  to  satisfy  the  eq. 

(^-> 

1  his,  when  simplified,  gives  the  cubic  eq. 

z'  — dz-'  +  (ac  — 4<r)2— d(o''  — 4J) 
—  c-  =  0 ;  (5.) 

which,  accordingly,  is  the  reducing  equation  in 
this  method.  Supposing  that  any  root  of  (6)  has 
been  found ;  put  for  brevity 


(4.) 


—  b  +  z  = 


T 


and 


az 


4  '  ■  '  4  '  2 
then  the  condition  (4)  gives 


—  c  =  a:  (6.) 


8' 

4  ~ 
comes 


cf  =  — jj ,  and  the  second  member  of  (3)  be- 


—  X 
4 


in 


+  sx  + 


/        2s  \* 
or  —  (  X  +    .,  )  . 
4  V        7)1-  I 


Therefore,  the  eq.  (3)  takes  the  form 
ax      2  \ * 

2)  -  T 

which  decomposes  into  the  two  quadratics 
ax      z  m 


x''  + 


z 

2+2"    -  2 


(-10 


0;  or 
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X-  + 


m 


•  X  + 


•3-  + 


(7.) 


Since  the  roots  of  the  cubic  equation  (5)  are  ex- 
pressible algebraically  in  terms  of  the  coefficients 
of  the  given  eq.  (1),  it  follows  that  the  roots  of 
(1)  have  the  same  property;  for  by  means  of  the 
last  two  equations  (7),  we  can  express  the  four 
roots  (x)  of  eq.  (3),  which  are  just  the  roots  of 
(1),  in  terms  of  z  and  the  coefficients  of  (1).  The 
question,  therefore,  is  solved,  but  the  expressions 
of  the  roots  are  excessivelj'  complex.  Other 
solutions,  quite  distinct  from  the  above,  and  from 
each  other,  have  been  given  by  Descartes,  Euler, 
and  Lagrange.  Looking  back  to  the  reducing 
equation  (5),  and  remembering  how  Lagrange 
obtains  the  reducing  equation  in  the  resolution 
of  the  equation  of  the  third  degree,  we  may 
inquke  here  what  function  z  is  of  the  roots  of  eq. 
(1).  Let  arj,  arj,  and  2:3,  x^,  be  the  roots  of  the 
two  equations  (7).  Then,  these  are  the  roots  of 
eq.  (1);  and  from  the  equations  (7)  we  find  at 
once 


whence 


z  =  +  x^. 


This  reducing  function,  z,  or  xi  arg  +  a;^,  is  of 
such  a  form,  that  if  the  roots  (x)  change  places 
in  all  possible  ways,  it  assumes  only  three  dis- 
tinct values :  and  hence  we  might  infer,  a  priori, 
that  the  equation  for  the  determination  of  this 
function  must  be  of  the  third  degree,  as  the  eq. 
(5)  is  in  fact.  To  this  circumstance,  that  we 
can  form  a  function  of  four  letters  which  has  only 
three  values,  is  the  success  of  Ferrari's  and  of 
every  other  known  method  to  be  attributed ;  for 
hence  it  is  that  the  resolution  of  biquadratics  is 
reducible  to  that  of  cubics.  In  Lagrange's  me- 
thod, the  reducing  function  is  +  Xg  x^, 
tile  same  as  in  Ferrari's.  There  are  other  func- 
tions, almost  equally  eligible,  such  as 

!/  =  Xy  +  X2   X3  —  x^, 

which  is  the  reducing  function  in  Euler's  method. 
It  admits  e\'idently  of  six  diflFerent  values;  but 
since  these  are  equal  and  of  contrary  signs  bv 
pairs,  the  reducing  equation  of  the  sixth  degree 
can  contain  no  odd  power  of     and  may  there- 

wSnJ'-'  ^  ^  f  "^''^ •  The  reducing 
function  in  Descartes'  method  is 

U  =  Xi  +  X2. 

It  admits  of  six  different  values  x,  +  zo,  x,  + 

Sd  Z       r"^  previouslv  de- 

prived the  equation  of  its  second  term,  which 
may  always  be  done,  we  shall  have  ' 
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Xy  +  X2  ■¥  Xs  +      =  —  p  =  0,  or 
xi  +  a;2  =  —  (^3  +  Xi), 

so  that  the  values  of  u  are  equal  and  of  contrarj' 
signs  by  pairs,  and  the  same  remark  applies  to 
the  reducing  equation  in  this  case  as  in  the  last. 
In  like  manner,  the  success  of  Hudde's  method 
and  of  Lagrange's,  in  the  resolution  of  cubic 
equations,  depends  upon  this,  that  we  can  form 
functions  of  three  letters  whieh  admit  of  only 
two  values,  by  permutations  of  the  letters.  Thus, 
with  regard^  to  Lagrange's  reducmg  function  t, 
we  have  seen  that 

or  {xx  +  ax2  +  ^3)' 

admits  of  only  two  values ;  and  the  same  is  trne 
of  the  reducing  function  y  (sect.  26)  employed  in 
Hudde's  method. 

29.  The  algebraic  resolution  of  an  equation  is 
effected,  according  to  every  method  yet  known, 
by  being  made  to  depend  upon  that  of  another 
equation  which  is  more  easily  resolved,  and 
whose  root  is  a  function  of  those  of  the  original 
equation.  Upon  this  general  view  of  the  sub- 
ject large  developments  were  given  by  Lagrange, 
especially  in  those  famous  researches  that  were 
published  in  the  Memoirfy  of  the  Academy  of 
Berlin  for  1770  and  1771.  He  proved  that  all 
the  known  processes  for  the  resolution  of  quadra- 
tic, cubic,  and  biquadratic  equations,  however 
different  in  appearance,  were  virtually  dependent 
upon  a  common  principle,  and  reducible  to  one 
general  method.  He  then  extended  the  method 
to  the  general  equation  of  the  mth  degree,  by 
the  employment  of  a  reducing  function,  t,  of  the 
form 


xi  +  a  X2  -\- 


+  o"  — las". 


where  x^,  arj,  &c.,  are  the  roots  of  the  given  equa- 
tion, and  a  a  root  of  the  equation  —  \.  He 
found  that,  when  m  is  a  prime  member,  the  reso- 
lution of  the  reducing  equation,  which  is  gene- 
rally of  the  degree  1.  2.  3.  ...  »i,  is  reducible  to 
the  resolution  of  another  equation  whose  degree 
is  —  1)  and  whose  coefficients  depend  upon  an 
equation  of  degree  1.  2.  8.  (?»  _  2).  Results  of 
an  equally  definite  kind  were  obtained  for  com- 
posite values  of  m ;  but  it  would  be  of  little  use 
to  present  them  here.  Generally,  when  the  given 
equation  is  of  a  degree  higher  than  the  fourth, 
the  reducing  equation  found  by  Lagrange  is  of  a 
still  higher  degree,  and  does  not  appear  to  be 
generally  susceptible  of  depression  :  a  result  that 
almost  decides  the  question  of  the  resolvability  of 
general  equations  of  higher  degrees  than  the 
fourth,  so  far  at  least  as  the  above  form  of  reduc- 
ing function  is  concerned,  so  far,  we  might  even 
say,  as  all  known  principles  of  resolution  are 
concerned.  In  Lagrange's  work  on  the  Resolu- 
tion of  Numerical  Equations,  the  14th  note,  his 
method  is  applied  in  a  very  elegant  manner  to 
the  resolution  of  Binomial  Equations,  a  question 
that  had  been  solved  before  by  Gauss. 
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80.  Why  IS  it  that  the  general  equations  of 
the  first  four  degrees  are  algebraically  resolvable  ? 
To  this  question  Lagrange  gave  a  most  sug- 
gestive answer  in  his  researches  last  mentioned. 
As  a  result  of  his  analyses,  and  in  the  distinctest 
manner,  he  connected  the  property  of  resolvabi- 
lity  of  an  equation  with  certain  properties  pos- 
sessed by  functions  of  sets  of  letters,  in  relation 
to  permutations  among  the  letters;  a  subject 
npon  which  a  few  hints  have  been  just  given  in 
the  end  of  sect.  28.  The  equations  of  the  third 
and  fourth  degrees  are  algebraically  resolvable, 
because  we  can  form  functions  of  three  letters 
■which  have  only  two  values,  and  functions  of 
four  letters  which  have  only  three.  And  if  we 
could  form  functions  of  five  letters,  having  only 
four  or  three  values,  we  have  reason  to  believe 
that  such  functions  would  enable  us  to  resolve 
the  general  equation  of  the  fifth  degree.  Here  a 
new  line  of  investigation  was  presented  to  ma- 
thematicians, and  a  verj'  difficult  one.  Lagrange 
himself  discovered  one  theorem  upon  the  subject, 
which  is.  That  the  entire  number  of  values  which 
a  function  of  n  letters  can  assume,  in  virtue 
of  permutations  among  the  letters,  is  either 
equal  to 

I  •    2*    3a    •    •  »  f9| 

or  some  submultiple  of  this  number.  Rufini  ad- 
vanced another  step :  in  his  Theory  of  Equations 
he  considered  particularly  functions  of  five  let- 
ters, and  he  seems  to  have  succeeded  in  proving, 
though  in  an  excessively  complex  manner,  That  if 
a  function  of  five  letters  has  less  than  five  distinct 
values,  it  cannot  have  more  than  two.  Rufini's 
is  a  case  of  the  following  theorem,  which  has 
been  obtained  very  recently:  re  being  greater 
than  4,  a  function  of  n  letters  which  has  less 
than  71  distinct  values,  has  two  values  at  most. 
The  subject  has  been  studied  carefully  and  with 
success  by  several  eminent  mathematicians,  Abel, 
Cauchy,  Bertrand,  and  Serret.  The  results  yet 
obtained,  as  well  as  the  principal  modes  of  inves- 
tigation, are  presented  fully,  and  in  a  very  inte- 
resting form,  in  Serret's  Higher  Algebra.  Much 
apparently  remains  to  be  done  in  this  field,  but 
enough  has  been  obtained  for  the  object  with 
which  the  inquiry  originated.  From  Rufini's 
theorem,  for  instance,  though  we  cannot  infer 
strictly  that  the  general  equation  of  the  fifth 
degree  is  irresolvable,  we  do  infer  that  it  cannot 
have  a  reducing  equation  of  a  lower  degree  than 
the  fifth. 

31.  These  considerations  lead  only  to  a  strong 
presumption ;  and,  accordingly,  they  have  not 
been  found  sufficient  to  deter  sanguine  alge- 
braists from  attempting  the  resolution  of  the 
general  equation  of  the  fifth  degree.  Among 
others,  the  illustrious  Abel  made  the  attempt; 
and  the  result  of  his  investigations  was,  a  rigor- 
ous proof  of  the  impossibility  of  resolving  alge- 
braically a  general  equation  of  any  degree  above 
the  fourth.    In  this  demonstration  it  is  shown. 
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that  the  assumption  of  the  algebraic  resolvability 
of  a  general  equation  of  the  fifth  or  higher  degree 
leads  to  an  impossibility :  while  a  similar  as- 
sumption for  general  equations  of  the  second, 
third,  and  fourth  degrees,  leads  to  this  result, 
that  the  first  radical  (in  the  order  of  operation) 
which  is  involved  in  the  expression  of  the  root 
must  be  a  square  root,  and  the  second  radical  a 
cube  root ;  conditions  fulfilled  in  fact  by  Cardan's 
formula,  and  by  every  other  algebraic  expres- 
sion of  the  roots  of  equations  that  has  been  yet 
obtained.    Abel's  proof  has  been  simplified  in 
some  points  by  Wantzel;  but  as  it  stands  at 
present,  the  principles  involved  in  it  are  so  very 
high  and  general  as  to  throw  it  quite  out  of  ele- 
mentary science :  and  perhaps  there  is  no  remedy. 
It  will  be  seen  that  the  question  is  one  of  extreme 
generality,  being  properly  this:  Is  there  any 
algebraic  function  whatever  of  the  coefficients, 
which,  when  substituted  for  x,  shall  satisfy  the 
equation  identically  ?    It  is  evident  that  one  of  ' 
the  first  things  to  be  done  towards  the  solution 
was,  to  study  the  general  form  of  algebraic  func- 
tions.   This  was  done  by  Abel:  he  examined 
and  classified  algebraic  functions;   he  distin- 
guished them  as  of  different  degrees  and  orders, 
according  to  the  number  of  radicals  involved  in 
them,  and  the  number  of  times  that  the  radicals 
succeed  one  another,  or  are  superposed  upon  each 
other :  he  obtained  finally  a  general  expression, 
comprehensive  of  all  possible  algebraic  functions 
of  a  set  of  magnitudes.    Having  assumed  that 
such  an  expression,  substituted  for  the  unknown, 
would  satisfy  the  equation,  he  obtained  the  fol- 
lowing result :  If  an  equation  is  resolvable  alge- 
braically, such  a  form  can  be  given  to  the  root 
that  all  the  algebraic  functions  of  which  it  is 
composed  shall  be  rational  functions  of  the  roots 
of  the  given  equation.   This  theorem,  with  some 
others  upon  the  changes  of  value  undergone  by  a 
function  of  several  letters  in  virtue  of  permuta- 
tions among  the  letters,  constitute  the  main  prm- 
ciples  of  the  demonstration. 

32.  The  researches  of  Gauss  upon  the  resolu- 
tion of  Binomial  Equations,  were  published  in 
1801,  in  his  Disquisitiones  Arithmeticae ;  and 
gave  a  large  extension  and  a  powerful  impetus  to 
algebraic  science.  He  proved  that  the  equation 
to  which  we  are  led  by  the  problem  of  the  divi- 
sion of  the  circle  into  a  prime  number  n  of  equal 
parts  is  always  resolvable  by  radicals;  and  that 
the  index  of  each  of  the  radicals  involved  in  the 
expressions  of  the  roots  is  a  prime  factor  of  the 
number  n  —  1.  A  few  notions  will  be  now  pre- 
sented upon  the  elements  of  this  remarkable 
method.  It  has  been  proved  already  (sect  25), 
that  if  r  be  any  root  of  the  equation 


=  0,  . . 


(!•) 


when  n  is  a  prime  number;  the  entu*  system  of 
the  roots  may  be  represented  by  the  series 
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(2.) 


or  by  the  series  of  powers  of  r  whoae  indices 
form  the  arithmetical  progression 

1,  2,  3,  4,  ..  .  (n-1).  (3.) 
Gauss  represents  the  roots  by  the  series 

r,  r",  r"',  r"*  .  .  .  r«*~*i  (4.) 

or  by  the  series  of  powers  of  r  whose  indices 
form  the  geometrical  progression 


1,  a,  a\  o',  ....  o" 


(5.) 


Where  it  is  to  be  remarked,  as  essential  to  the 
method,  that  the  number  a  is  a  primitive  root  of 
n,  or  a  number  such,  that  all  its  powers  from  the 
Ist  to  the  (» —  l)th,  divided  by  n,  leave  dif- 
ferent remainders,  that  for  the  (n  —  l)th  power 
being  1.  The  properties  of  primitive  roots  of  n, 
as  well  as  their  existence  for  every  value  of  the 
prime  number  n,  are  proved  in  all  the  books  on 
the  Theory  of  Numbers.  Assuming  the  proper- 
ties of  a  above  stated,  we  obtain  the  following 
theorems : — Is*,  If  the  index  of  r  in  any  term  of 
series  (4)  leave  a  remainder  s  when  divided  by  n, 
the  term  itself  is  equal  to  r".  For  if  m  be  the 
quotient,  the  term  is  r"* "  + »,  which  =  "  •  r, 
=  t',  because  by  hypothesis,  =  1  =  r""'. 
We  may  call  r'  the  reduced  form  of  the  correspond- 
ing term  of  (4).  2c?,  All  the  roots  of  eq.  (1)  are 
represented  by  the  series  (4).  To  see  this,  con- 
ceive another  series  (6)  drawn  out,  consisting  of 
the  reduced  forms  (r')  of  the  terms  of  (4).  The 
indices  s  in  series  (6)  must  be  all  different  from 
each  other,  because  a  is  a  primitive  root  of  n ; 
they  are  all  integers,  less  than  n,  and  their  num- 
ber is  n  —  1.  It  follows  that  tlie  indices  of  r  in 
series  (6)  must  form  the  entire  series  of  numbers 
1,  2,  3,  4  .  .  .  (n  —  1).  And  hence,  each  term 
of  series  (4)  has  a  corresponding  equal  term  in 
series  (2),  which  proves  the  theorem.  3d,  If  the 
series  (4)  be  indefinitely  prolonged,  it  simply 
repeats  itself.  Each  term  of  (4)  is  a  constant 
function  (the  ath  power)  of  the  preceding  term. 
Suppose  the  series  (4)  prolonged  according  to 
this  law,  and  the  series  (5)  along  with  it.  The 
next  term  of  (5)  is  a"-i.  By  a  property  of  pri- 
mitive roots  of  n  already  mentioned,  the  number 
a"— 1  divided  by  n  leaves  a  remainder  1.  There- 
fore, the  first  term  in  the  prolongation  of  the 
series  (4)  is,  in  its  reduced  form,  r ;  which  proves 
the  theorem.  4<A,  J(n—l  =  hk,k  and  k  being 
whole  numbers:  the  series  (4)  may  be  thrown 
into  h  groups  or  into  k  groups  of  terms,  each 
group  forming  a  series  which  proceeds  according 
to  the  same  law  as  the  series  (4),  (eacli  term  a 
constant  power  of  the  preceding),  and  which  pos- 
sesses the  same  property  of  self-repetition.  It 
■will  be  sufficient  in  the  proof  to  consider  the  in- 
dices of  the  teruLs.  Putt 


mg  a'*  =  m,  we  may 


write  the  series 
columns  thus : 
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(5)  in  a  succession  of  vertical 


1 

m 

.  7»*-' 

a 

m  a 

a 

a? 

m  o' 

The  index  of  a  in  the  last  term  is  h  (k  — 1 ) 
+  h  —  1,  which  =z  h  k  —  1  =  »  —  2,  as  it 
ought.  Consider  the  first  horizontal  line;  col- 
lect the  corresponding  set  of  terms  out  of 
series  (4)  in  order :  the  result  is,  a  series  of  k 
terms,  each  term  the  mth  power  of  the  preced- 
ing: and  if  this  series  be  prolonged,  the  next 
index  is  7?i*,  which  =  o**  =  a"— so  that  the 
series  repeats  itself.  A  similar  series  is  found 
from  the  second  line ;  and  if  it  be  prolonged,  the 
next  index  is  •  a,  which  =  n  "-^  •  a.  Now 
this  divided  by  n  leaves  a  remainder  a,  because 
the  factor  o"~^  divided  by  n  leaves  a  remain- 
der 1 :  so  that  the  second  series  repeats  itself. 
Similarly  for  all  the  lines.  We  have  thus  dis- 
tributed the  terms  of  series  (4)  into  A  groups  of 
k  terms,  each  group  possessing  the  properties  as- 
signed. We  could  have  distributed  them  like- 
wise into  k  groups  of  h  terms.  And  it  is  obvious 
that  if  h  and  k  are  composite  numbers,  the  groups 
just  obtained  may  be  distributed  each  into  a  set 
of  subordinate  groups  possessing  the  same  pro- 
perties, and  so  on ;  there  being  no  stop  to  the 
process  till  we  reach  the  prime  factors  of  w  —  1. 
5th,  If  the  sum  of  the  roots  of  eq.  (1)  be  divided 
into  parts,  or  periods,  corresponding  to  the  groups 
considered  in  the  last  proposition,  the  continued 
product  of  any  number  of  the  periods  will  be 
equal  to  the  sum  of  a  certain  number  of  the  same 
periods.  This  is  the  fundamental  principle  of 
reduction  in  Gauss's  method.  To  prove  it,  con- 
sider merely  the  indices ;  and  represent  two  of 
the  periods,  which  are  to  be  multiplied  together 
by  the  two  series 


b,  bm,  bm"^, 

c,  cm,  cm% 


b  7?2* 


which  are  two  of  the  lines  of  last  proposition,  b 
and  c  being  some  powers  of  a.  We  find  as  a 
first  part  of  the  series  representing  the  product, 
the  set  of  quantities 

(6  +  c),  {b  +  c)m,  (b  +  c')nuj .  .  .  (6+c)f7j»-'. 

As  a  second  part  (by  adding  each  term  of  tho 
lower  line  to  that  in  the  upper  line  one  place  to 
the  right),  we  find 

(bm  +  c),  (bm  +  c)m,  {b  m  +  c)m*  —  '^. 

As  a  third  part  (by  taking  terms  two  places  to 
the  right). 


(b  to'  +  c),  (i  m'  +  c)  n»,  (6  m'+  c)  »n»->, 
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By  reference  to  the  properties  already  proved,  it 
will  be  seen  that  the  k  groups  of  terms  thus 
found  constitute  the  whole  set  of  indices  which 
represent  the  required  product.  It  will  be  seen 
also  that  each  of  these  groups  represents  some  one 
of  the  h  original  periods.  The  proposition  being 
proved  for  the  product  of  two  periods,  it  follows 
easily  for  the  continued  product  of  any  number. 
It  is  evident  now,  that  whatever  be  the  prime 
number  w,  we  can  find  (sect.  5)  the  coefficients 
of  an  equation  whose  roots  are  equal  to  the  periods 
which  we  have  been  considering.  In  this  man- 
ner we  can  depress  the  given  equation  to  one 
whose  degree  is  equal  to  the  greatest  prime  factor 
of  ji  —  1 :  which  is  the  most  interesting  result 
of  Gauss's  method. 

For  example,  the  equation 

jc"  —  1  =  0 

may  be  resolved  (its  roots  expressed  by  radicals) 
by  the  resolution  of  several  quadratics.  For  a 
simple  exhibition  of  the  work,  see  Hymera  on 
Equations,  Sect.  4. 

33.  In  what  cases  can  an  equation  be  re- 
solved algebraically?    This  is  the  highest  ques- 
tion that  has  occurred  in  the  theory  of  equations, 
and  the  solution  of  it  is  not  yet  completed.  Many 
researches  have  been  made  upon  it,  at  the  head 
of  which,  as  starting  points,  must  be  placed  those 
of  Lagrange,  already  noticed  (sect.  29),  and  those 
of  Gauss  upon  Binomial  Equations.   Abel's  theo- 
rem upon  non-resolvability  was  a  very  important 
step  towards  the  solution,  as  it  puts  out  of  ques- 
tion all  equations  of  the  fifth  and  higher  degrees, 
with  indeterminate  coefficients.    The  next  ad- 
vance made  was  a  very  remarkable  one.  "VVe 
have  seen  that  in  the  series  of  the  roots  of  a 
binomial  equation,  as  arranged  by  Gauss,  each 
root  is  a  constant  power  of  the  preceding,  the 
first  root  being  this  same  power  of  the  last.  Abel 
generalized  upon  this  hhit.    He  showed  that 
when  each  of  the  m  roots,  xi,  x^,  X3,  . .  .  Xm,  of 
any  equation  is  a  constant  rational  function  of 
the  preceding,  this  function  of  Xm  being  farther 
equal  to  Xi,  the  equation  is  resolvable  by  radi- 
cals: also,  that  if  two  roots  of  an  irreducible 
equation  of  prime  degree  be  so  connected  that  the 
one  is  expressible  rationally  as  a  function  of  the 
other,  the  equation  may  be  resolved  by  radicals. 
(By  an  irreducible  equation  is  meant  one  whose 
first  member  admits  of  no  commensurable  divisor, 
no  divisor  whose  coefficients  are  rational  func- 
tions of  given  numbers.)    Abel  improved  upon 
Gauss's  theorv:  he  gave  it  completeness  and  sym 
metry,  and  m'ade  many  valuable  additions.   I  he 
next  important  step  was  taken  by  Galois,  who 
proved  the  following  beautiful  theorem:— lo 
render  an  irreducible  equation  of  prime  degree 
resolvable  by  radicals,  it  is  necessary  and  sulh- 
cient  that  any  two  of  the  roots  being  g'ven,  the 
others  be  deducible  from  them  rationally,  ine 
inquiry  has  been  prosecuted  more  recently  by 
Kronecker,  and  with  much  success.   But  as  the 
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space  properly  allowable  for  this  article  is  now 
more  than  occupied,  we  must  refer  the  reader, 
for  a  full  account  of  Kronecker's  researches, 
to  the  second  edition  of  Serret's  AJgebre  Supe- 
rieure. 

Standard  English  works  upon  the  subject: 
Peacock's  Algebra;  Treatises  on  Equations  by 
Hymers,  Young,  Murphy  (Library  of  Useful 
Knowledge),  Ivory  (EncyclopcBdia  Britannica). 
The  last  is  a  very  masterly  production. 

Equations  of  Conditiou.  The  Equations 
so  designated  arise  as  follows ; — The  aim  of  ob- 
servation and  experiment  generally  is  to  deter- 
mine unknown  quantities  connected  with  each 
other  by  some  such  relation  as  this : 


ax  +  a' y  +  a"  z  =  0. 

The  quantities  whose  value  is  sought,  (x,  y,  z,) 
can  rarely  be  determined  directly,  but  it  is  usually 
possible  to  find  numerical  values  for  a,  a.',  a",  &c. 
in  separate  cases.  It  is  easy  to  see  that  if  these 
numerical  values  were  absolutely  correct,  three 
sets  of  experiments  or  observations  would  yield 
three  equations,  and  therefore  suffice  for  the  de- 
termination of  the  three  quantities,  x,  y,  and  z. 
But  the  experimental  valuation  of  a,  a',  and  a", 
is  always  subject  to  error;  and  it  is  not  there- 
fore held  sufficient  to  obtain  only  three  equa- 
tions. We  have  thus  a  case,  exactly  the  re- 
verse of  that  of  Indeterminate  Equations,  i.  e.,  we 
have  many  more  equations  than  there  are  un- 
known quantities ;  and  the  question  is,  how  shall 
these  equations  be  combmed  so  that  the  most 
accurate  attainable  values  of  x,  y,  and  s  be  ex- 
tracted from  them  ?  The  mode  of  combination 
indicated  by  the  term  Equations  of  Condition  is 
exceedingly  simple.  Suppose,  for  instance,  that 
we  had  obtained  nine  numerical  equations,  these 
may  be  reduced  to  the  requisite  three,  by  a  pro- 
cess of  simple  addition,  viz. — 

(1)  +  (2)  +  (3)  =  0 
(4)  +  (6)  +  (6)  =  0 
(7)  +  (8)  +  (9)  =  0; 


or,  again. 


(1)  +  (4)  +  (7)  =  0 

(2)  +  (5)  +  (8)  =  0 

(3)  +  (6)  +  (9)  =  0, 


and  also  in  other  forms.  The  mean  of  the  difier- 
ent  values  of  x,  y,  and  z,  will  generally  be  pretty 
near  the  true  value.  It  is  necessary,  however,  to 
take  account  of  the  weight  or  relative  impor- 
tance of  the  several  observations  or  experi- 
ments, and  to  express  that  relative  importance 
numerically— Let  us  follow  an  example  of  the 
detei-mination  of  an  unknown  quantity,  by  three 
methods— the  ordinary  method,  or  that  of  the 
Mean;  the  method  just  indicated;  and  the  me- 
thod of  the  Least  Squares.  See  Mean,  and 
Squares  the  Least.  Suppose  we  have  three 
equations, 
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X—  1  =  0 
10  a:—  11  =  0 
20  a;  —  24  =  0. 

L  By  taking  the  mean,  we  find 

X  =  11. 
5  By  the  foregoing  method, 

X  ~  M6. 
B  By  the  method  of  Least  Squares, 

X    :  1-17. 

The  errors  or  discrepancies  between  these  results 
and  the  three  equations  are  as  follows  : 

I.  £  =  +    -1  :  f'  =  0  :  6"  =  —  2-0 
!!.£=+  -16  :  I'  =  -6  :  j"  =  _  0-8 


III.  £  =  +  -17  : 


—  0-7. 


There  is  a  very  serious  error  in  the  first  deter- 
mmation  as  regards  the  third  equation.  The 
method  illustrated  in  this  article  compares  favour- 
ably with  the  method  of  the  least  squares;  but 
the  case  given  is  not  exactly  a  fair  one. 

£qnaiion,  Annual,  refers  to  the  motion  of 
the  moon  round  the  earth.  When  the  sun  is 
at  different  distances  from  the  earth  it  produces 
different  effects  of  perturbation  on  the  earth's  po- 
sition and  on  the  moon's  generally.  It  is  not  at 
the  same  distance  from  each,  and  does  not  attract 
them  equally  or  make  them  preserve  their  re- 
lative positions.  Thus,  supposing  the  moon  to 
:emam  constantly  moving  in  an  ellipse  round  the 
3arth— which  would  be  something  like  the  case 
•i  they  remained  in  a  constant  relative  position — 
;his  inequality  of  position  may  be  conceived  to 
ihift  the  position  of  the  earth  from  the  focus  on 
Jither  side ;  sometimes  taking  it  farther  from  the 
noon,  at  other  times  biinging  it  nearer.  Sup- 
■X)sing  the  moon  to  describe  the  same  spaces  in  her 
■evolution  in  the  same  times,  it  is  clear  that  the 
-arth  bemg  thus  at  different  distances  from  her, 
he  will  seem  to  a  spectator  to  go  faster  when 
he  is  nearer  than  she  does  when  she  is  farther 
iway.  She  would  seem  to  do  so,  even  if  the 
arth  were  fixed  in  the  focus,  but  manifestly  not 
a  the  same  degree.  This  is  the  origin  of  the 
Annual  Equation.  See  Lunar  Theory. 
1  Eqaatlons,  Funcsionnl.  A  special  kind  of 
quations,  in  which  there  is  no  limit  whatever  to 
ne/om  in  which  the  relations  of  the  unlmovvn 
r  unknowns  may  be  stated.  In  algebraical 
quations,  they  are  connected  by  any  of  the  or- 
uiary  algebraical  or  arithmetical  processes,  ad- 
ition,  subtraction,  multiplication,  division,  in- 
olution  and  evolution.  Here,  there  is  no  such 
ecessity— the  unknown  is,  besides,  rather  a  form 
aan  a  number  or  magnitude  in  this  case.  Thus 
le  following  13  a  functional  equation  :-Requircd 
ttch  an  algebraical  expression  as  will  be  in- 
eased  by  1,  whatever  value  is  assigned  to  x, 
'hen  X.  , 3  substituted  for  X.  It  is  stated  so 
?>0^';  =  «P(x)-|-l.  Requu-ed^(x). 
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The  solution  of  such  questions  is  the  object  of 
the  calculus  of  functions.    See  Functions. 

Eqnator,  Celestial.  That  great  circle  in 
the  sky,  which  represents  the  prolongation  of  the 
plane  of  the  Equator  of  the  Earth. 

Eqnntor,  Tei-restrial.  The  great  circle  on 
the  Earth's  surface,  half-way  between  the  two 
Poles.  It  divides  the  Earth's  surface  into  tlie 
Northern  and  Southern  Hemispheres. 

Equatorial,  or  Equatorial  Telescope. 
An  Equatorial  Telescope  is  a  telescope  so 
mounted  as  to  have  two  axes  of  motion  at  right 
angles  to  each  other ;  each  axis  carrying  a  gra- 
duated circle,  and  one  of  them  being  parallel  to 
the  axis  of  the  Earth.    In  the  adjoined  cut,  the 
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two  axes  are  represented  carrying  the  graduated 
circles  b  and  d  ;  and  the  axis,  a,  points  to  the  pole 
of  the  Earth's  axis.  The  consequence  of  this 
latter  provision  is,  that  so  soon  as  the  teleserjpe 
is  fixed  on  a  star,  it  may  be  clamped  at  tiia 
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circle  n;  for  by  moving  simply  around  the  axis 
A,  it  will  follow  that  star, — inasmuch  as  this  axis 
A,  is  really  the  axis  of  that  diurnal  motion  of 
which  the  star  partakes.    To  keep  the  star  in 
the  field  of  view,  it  is  thus  needful  to  move  the 
telescope  in  one  direction  only;  and  further,  it 
must — since  the  diurnal  motion  of  the  heavens  is 
uniform — be  moved  with  entire  uniformity  round 
A ;  so  that  it  may  be  moved  by  dock  work.  A 
clock,  whose  weights  are  at  g,  is  now  accordingly 
always  attached  to  the  axis  a  ;  and  thus,  after 
having  once  fixed  the  telescope  on  an  object,  the 
Observer  is  freed  from  all  anxiety  regarding  its 
motion:  the  mechanism  retains  the  telescope 
on  the  object;  and  he  is  not  further  diverted 
from  the  task  of  examinuig  its  nature,  or  ascer- 
taining its  dimensions  by  the  microscope  at  the 
eye-piece.    It  were  impossible  to  exaggerate  the 
importance  of  this  instrument,  wliich  has  de- 
servedly become  a  prime  one  in  Observatories. 
There  are  various  forms  of  mounting — the  one 
in  the  cut  being  that  applied  by  Frauenhofer  in 
the  first  place,  and  subsequently  by  Merz,  to 
the  superb  Refractors  constructed  at  Munich. 
Other  modes  have  also  been  fovmd  successful, 
especially  the  one  applied  by  Mr.  Lassell  to  his 
very  large  and   heavy  Eeflector.  —  On  the 
attached  circles,   the  Declination  and  Right 
Ascension  are  marked  by  graduations  of  the 
requisite  fineness ;  d  being  the  decimation  circle, 
and  B  the  circle  on  which  the  Hours  of  Eight 
Ascension  are  indicated. — All  Equatorials  demand 
the  following  adjustments: — 1.  The  Polar  axis 
must  be  parallel  to  the  axis  of  the  Earth.  2. 
The  index  of  the  declination  circle  must  point 
to  zero,  when  an  Equatorial  star  is  in  the  centre 
of  the  field  of  view.    3.  The  line  of  coUimation 
of  the  telescope  must  be  perpendicular  to  the 
declination  axis.    4.  The  declination  axis  must 
be  perpendicular  to  the  polar  axis.    6.  The  index 
of  the  hour  circle  must  point  to  zero,  when  the 
telescope  is  in  the  meridian  of  the  place. — All 
these  adjustments  may  be  attamed  by  suitable 
observations ;  and  if  en-or  remains  m  either,  it  can 
be  corrected  by  appropriate  formulce,  to  be  found 
in  any  work  on  Practical  Aslronoviy. 

Equilibrium,  Technical.  The  state  of  rest 
of  a  body  or  system,  solicited  by  various  forces. 
The  science  which  treats  of  the  equiUbrium  of 
bodies  is  Statics. 

Equinoctial.  A  sjmonjnn  for  the  Equator, 
both  of  the  earth  and  of  the  heavens.  When  the 
Eun's  diurnal  path  is  along  this  circle  there  is 
equal  length  of  day  and  night  all  over  the  world ; 
and  from  this  comes  the  name. 

Equinoctial  Time.  As  the  date  of  a  phe- 
nomenon is  a  fact  of  great  importance  m  all  phy- 
eical,  and  especially  m  astronomical  investigations, 
and  as  local  measurements  of  time  date  from  cir- 
cumstances purely  local,  it  is  desirable  that  some 
instant  should  be  selected  as  tlie  central  point  of 
a  uniform  reckomng  of  time.  The  moment  when 
tiie  pomt  of  Aries  passes  the  vernal  equmox  is 
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taken  as  this  starling  point;  and  time  dated  from 
that,  is  called  equinoctial  time. 

Equinox.  The  points  where  the  ecliptic  and 
equator  cut  one  another  in  the  sky  are  called  the 
equinoxes,  because  when  the  sun  is  in  them  he 
appears,  in  consequence  of  our  rotation,  to  de- 
scribe the  circle  of  the  equator,  and  the  day  and 
night  are  equal  over  the  world.  When  he  is 
passing  up  from  south  to  north  he  passes  the 
vernal  equmox  (when  the  days  are  lengthening), 
and  in  passing  from  north  to  south,  the  atdumnal 
equmox  (when  the  days  are  shortening).  The 
dwellers  in  the  southern  hemisphere  have  our 
vernal  for  theu-  autumnal  equinox,  because  while 
the  sun  is  south  of  the  equator  daily,  the  days 
are  long  to  them,  and  short  to  us.  The  pomt  of 
the  equinox  does  not  remam  stationary.  Its 
motion  is  due  to  the  perturbations  of  the  planets, 
which  cause  the  ecliptic  to  move ;  and  nutation 
and  precession  both  operate.   See  these  articles. 

Equiralent,  Joule's.— Nearly  two  centuries 
have  passed  since  Locke  gave  a  definition  of  heat, 
which  he  probably  derived  from  Bacon.— "Heat 
is  a  very  brisk  agitation  of  the  insensible  parts 
of  the  oiDject,  which  produces  in  us  that  sensa- 
tion from  whence  we  denominate  the  object  hot; 
so  what  in  our  sensation  is  heat,  in  the  object  is 
nothing  but  motion."    If  we  add  Newton's  defi- 
nition  that  the  force  possessed  by  matter  is  its 
power  to  persevere  in  its  state  of  rest  or  motion; 
and  his  third  law:  that  reaction  is  equal  and 
contrary  to  action,  a  law  including  what  is  now 
called  conservation  of  force— \X.  is  evident  that  at 
this  early  period  the  principles  of  a  true  doctrine 
of  heat  were  enunciated.     In  the  year  1798 
Benjamin  Count  Rumford  published  his  Inqviry 
Concerning  the  Source  of  Heat  which  is  Excited 
by  Friction.     He  caused  a  blunt  steel  borer 
to  revolve  with  great  friction  in  a  hollow 
cj-linder  of  iron.    An  amount  of  heat  was  thus 
generated,  the  experiment  being  sometimes  car- 
ried on  until  water  in  contact  with  the  metal 
was  made  to  boil.    Rumford  carefully  examined 
whether  anv  other  thermal  source  existed,  as 
change  of  specific  heat  of  the  iron,  oxidation 
by  contact  with  air,  &c.,  but  found  no  reason  to 
suspect  that  such  was  the  case.    He  therefore 
concluded  that  it  was  "extremely  difficult,  if 
not  quite  impossible,  to  form  any  distinct  idea  of 
anything  capable  of  being  excited,  and  commu- 
nicated, in  the  manner  the  heat  was  excited  and 
communicated  in  these  experiments,  except  it  be 
motion."    Further,  Rumford  gave  figures  which 
expressed  the  relation  between  the  work  spent 
and  the  heat  evolved  in  his  experiments.  The 
heat  he  estimates  at  180°  Fahr.,  in  26-58  lbs.  of 
water;  the  power,  barely  that  of  one  horse  for 
two  hours  and  a-half.    If  we  estimate  the  power 
at  i  that  of  one  horse,  or  24,750  foot  pounds  per 
minute,  we  shall  obtain 


24,750  X  160 


—/yro  =  776, 


180  X  26  58 
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which  is  almost  identical  with  the  now  ascer- 
tained equivalent 

It  does  not  seem  that  any  further  step  was 
taken  to  evaluate  the  mechanism  of  heat  until 
S6guin  published  his  work  on  Railways,  in  1889. 
In  it  he  states  (p.  382)  his  belief  that  a  certain 
quantity  of  caloric  disappears  in  the  very  act  of 
the  production  of  mechanical  force,  and  vice  versa, 
and  that  the  two  phenomena  are  united  to  "  each 
other  by  conditions  which  assign  them  invariable 
relations; "  also  at  page  383  he  observes,  "  that 
the  mechanical  force  which  appears  during  the 
lowering  of  the  temperature  of  a  gas,  as  of  everj' 
other  body  which  is  dilated,  is  the  measure  and 
the  representation  of  the  diminution  of  heat." 
He  then  proceeds  to  state  that  the  mechanical 
"  eflfect  obtained  by  the  expansion  of  a  cubical 
metre  of  vapour  compressed  by  a  weight  of  two 
kilogrammes  on  the  square  centimetre,  when  it 
is  allowed  to  expand  into  a  space  corresponding  to 
a  pressure  of  one  kilogramme,  and  a  lowering  of 
temperature  of  20°,  is  represented  by  a  weight  of 
6.613  kilogrammes  raised  to  the  height  of  one 
metre." 

In  1842,  Dr.  Mayer  published  a  paper  en- 
titled, "  Remarks  on  the  Forces  of  Inorganic 
Nature,"  in  which,  without  actually  going  be- 
yond Seguin,  he  stated  the  mechanical  theory 
more  explicitly,  and  with  greater  perspicuity. 
"Forces,"  he  says,  "are  causes  in  which  the 
principal  cau^sa  equat  effectum  must  fully  hold. 
If  a  cause  c  produce  an  effect  e,  then  c  =  e.  If 
the  cause  c  has  produced  the  work  e  equal  to  it, 
then  the  cause  c  will  have  stopped,  c  has  become 
changed  to  e,  and  therefore  we  must  view  c  and 
e  as  different  forms  of  one  and  the  same  object." 
In  the  case  of  the  fall  of  heavy  bodies  the  effect 
is  heat.  Adopting  the  hypothesis  advanced  by 
Seguin,  Mayer  assumes  that  the  force  employed 
to  compress  a  gas  is  equivalent  to  the  heat  given 
out,  and  thence  infers  that  "  the  fall  of  a  weight 
from  the  height  of  about  365  metres  "  corre- 
sponds with  the  elevation  of  a  like  weight  of 
water  from  0°  to 

It  must  always  be  matter  for  wonder  that  the 
work  of  Count  Rumford  attracted  so  little  of  the 
attention  it  deserved.  This  may  be  ascribed  to 
the  strong  hold  which  the  theory  of  caloric  had 
upon  the  minds  of  philosophers,  or  perhaps  that 
his  experiments  were  not  deemed  sufficiently 
complete.  The  speculations  of  Seguin  and 
Mayer  have  far  less  claim  to  be  received  as 
proofs  of  the  mechanical  nature  of  heat,  or  as 
affording  sure  grounds  for  the  establishment  of  a 
numerical  relation  between  heat  and  force.  These 
speculations,  so  far  as  regards  the  nature  of  heat, 
are  founded  upon  the  hypothesis  of  the  inde- 
siruclibility  of  force,  which,  though  apparently 
self-evident,  and  genorally  received  by  philoso- 
phers as  axiomatic,  nevertheless  was  capable  of, 
and  required  experimental  proof.  Then  an 
attempt  is  made  to  estimate  the  mechanical 
equivalent  of  heat  by  using  the  further  hypo- 
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thesis  that  in  compressing  an  elastic  fluid  tiie 
heat  generated  U  the  force  which  has  been  ex- 
pended. This  last  hypothesis  has  since  been 
shown  to  be  approximately  true;  but  at  the 
time  it  was  advanced  by  Seguin  and  Mayer  the 
published  results  of  experiments  led  to  a  different 
conclusion.  From  all  that  was  then  known,  it 
was  impossible  to  predicate  with  certainty  that 
it  held  even  approximately.  That  such  an 
hypothesis  could  not  be  safely  received  without 
experimental  proof,  is  evident  from  the'  consider- 
ation that  it  is  possible  to  conceive  an  elastic 
fluid,  obeying  the  gaseous  laws,  wliich  on  com- 
pression shall  give  out  no  heat  whatever,  or  even 
shall  produce  cold. 

The  researches  of  Joule  date  from  the  year 
1840.    In  the  first  instance  their  object  was  to 
examine  the  relation  of  electricity  to  heat.  He 
found  that  the  heat  evolved  by  a  voltaic  current; 
arose  solely  from  the  resistance  it  experienced  in 
passing  through  the  wire  or  fluid  conductor;  so 
that,   by  increasing  the  electro-motive  force, 
which  permitted  the  use  of  a  circuit  of  greater 
resistance  without  diminishing  the  flow  of  elec- 
tricity, any  amount  of  heat  could  be  obtained 
from  the  same  quantity  of  electricity.    As  a  con- 
sequence of  this  law  it  immediately  followed 
— 1st,  That,  whether  the  circuit  was  composed 
of  good  or  bad  conductors,  the  same  quantity  of 
heat  would  be  invariably  produced  by  a  given 
chemical  effect  in  the  battery.     2d,  That  the 
heat  produced  by  a  voltaic  couple  is  proportional 
to  the  intensity  of  its  electro-motive  force.  3d, 
That  the  heat  produced  by  the  combustion  of  a 
inetal  in  oxygen  gas  is  proportional  to  the 
intensity  of  the  force  with  which  the  elements 
combine,  and  may  be  calculated  in  the  same 
way  as  if  the  oxj'gen  and  metal  were  a  voltaic 
couple,  the  poles  of  which  were  connected  by  a 
resisting  metallic  wire.    All  these  laws  point  to 
the  conclusion  that  heat  is  derived  from  mecha- 
nical action,  and  accordingly  Joule  proceeded  to 
search  for  the  means  of  determining  the  absolute 
relation  between  the  two.    These  he  found  to  be 
presented  by  the  electro-magnetic  machine  or 
engine.    An  electro-magnet,  furnished  with  the 
means  of  reversing  the  current  at  every  half 
revolution,  was  placed  on  a  vertical  axis,  between 
the  poles  of  a  powerful  magnet.    When  a  voltaic 
current  was  made  to  traverse  the  electro-magnet, 
it  revolved  with  great  velocity,  developing  a  con- 
siderable amount  of  mechanical  force.    At  the 
same  time  the  flow  of  electricity  was  reduced  in 
quantity  in  a  certain  proportion  as  the  velocity 
and  work  increased.    Now  Joule  had  already 
round  that  the  quantity  of  heat  evolved  by  a 
conductor  was  proportional,  in  a  given  time,  to 
the  square  of  the  quantity  of  current.    But,  the 
quantity  of  chemical  action  being  simply  pro- 
portional to  the  current,  according  to  Faraday's 
law,  it  followed  that,  if  the  evolution  of  heat  in 
the  revolving  apparatus  was  governed  by  the 
same  law  which  obtained  in  a  stationary  circuit, 
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there  must  be  less  heat  evolved  for  a  given 
chemical  action  when  the  machine  was  at  work 
than  when  it  was  at  rest.    An  examination  of 
the  heat  evolved  by  the  coils  of  the  electro- 
magnet while  rotating  proved  that  this  was  the 
fact ;  and  on  comparing  the  defalcation  of  heat 
with  the  force  developed,  a  mean  of  two  results 
showed  that — I.  For  every  degree  of  heat  per 
poimd  of  water  expended,  806  pounds  were  raised 
to  the  height  of  1  foot  by  the  work  of  the  engine. 
By  turning  the  machine  in  the  contrary  direction 
there  was  an  expenditure  of  force,  an  increase 
in  the  flow  of  electricity,  and  an  increase  of  heat 
over  and  above  that  due  to  the  chemical  action 
of  the  batter}'.    In  this  case  a  mean  of  four  ex- 
periments indicated  that — II.  A  pound  of  water 
was  raised  one  degree  by  the  expenditure  of  a 
mechanical  force,  in  turning  the  machine,  capable 
of  raising  962  pounds  to  the  height  of  one  foot. 
In  the  course  of  experiments,  Joule  had  dis- 
covered that  when  a  bar  of  iron  is  rotated  be- 
tween the  poles  of  a  magnet  it  becomes  heated, 
the  effect  being  considerably  increased  by  coating 
it  with  a  conducting  substance,  such  as  copper, 
lie  found,  at  the  same  time,  that  force  was  used 
up,  and  it  thus  appeared  from  a  mean  of  seven 
experiments  that— III.  Each  degree  of  heat  re- 
quired the  expenditure  of  a  force  able  to  raise 
776  pounds  to  the  height  of  one  foot.  This 
last  equivalent  was  considered  to  be  more  cor- 
rect than  the  previous  ones,  on  account  of  the 
greater  facility  with  which  the  experiments  were 
made.    In  the  same  paper,  which  was  published 
in  1843,  it  is  stated  that  its  author  had  proved 
experimentally  that  heat  is  evolved  by  the  pas- 
sage of  water  through  narrow  tubes,  and  that 
—IV.  In  this  way  he  had  deduced  for  the 
mechanical  equivalent  of  heat,  a  term  which  he 
himself  was  the  tirst  to  employ,  the  number  770. 
An  experimental  investigation  on  the  changes 
of  temperature  produced  by  the  rarefaction  and 
compression  of  air,  communicated  to  the  Eoyal 
Society  in  1844,  led  the  same  author  to  the 
belief  that  the  relation  between  the  heat  absorbed 
and  the  work  performed,  or  between  the  heat 
evolved  and  the  work  expended,  was  the  same 
as  he  had  obtained  from  the  electro-magnetic 
experiments,  and  he  therefore  concluded  that  the 
hypothesis  of  Se'guin  and  Mayer,  of  whose 
w'ritings  he  appears  to  have  been  then  ignorant, 
was  sensibly  correct.    The  numbers  obtained  for 
the  equivalent  were— "V.  In  the  experiments  on 
compression,  809,  and— VI.  In  the  experiments 
on  expansion,  which  were  susceptible  of  greater 
accuracy,  798.    It  was  at  the  same  time  proved 
that  no  appreciable  absorption  of  heat  took 
place  when  air  expanded  without  performmg 
work.    This  has  been  shice  shown  by  experi- 
ments devised  by  Thomson,  and  carried  out  by 
him  and  Joule,  to  be  only  approximatively  correct. 
It  had  frequently  been  observed  that  the  tem- 
perature of  the 'sea  was  raised  after  'ongcon- 
tiuued  agitation  in  stormy  weather, 


ERR 

year  1840,  Mr.  Dyer  had  an  apparatus  con- 
structed for  the  agitation  of  water,  in  which  he 
observed  the  development  of  heat  to  take  place. 
Mayer  soon  afterwards  announced  that  he  had 


thus  raised  water  from  12°  to  13°.  Others, 
how«ver,  denied  these  results  Joule  now  re- 
turned to  methods  that  had  occupied  him  in 
1843.  His  new  apparatus  consisted  of  a  paddle 
wheel  working  in  a  vessel  containing  the  fluid. 
Three  researches,  successively  improved  in  accu- 
racy, gave — VII.  For  the  mechanical  equiva- 
lent derived  from  the  agitation  of  water,  the 
numbers  890,  781,  and  772.  A  series  of 
experiments  gave — VIII.  For  the  equivalent 
obtained  from  the  friction  of  oil,  782.  Two 
researches,  successively  improved  in  accuracy, 
gave — IX.  For  the  agitation  of  mercury,  the 
equivalents  787,  and  774 — Lastlj',  a  series  of 
experiments  gave  —  X.  As  the  result  of  the 
friction  of  cast  iron,  the  number  775. 

JEriomcter.  An  instrument  of  some  impor- 
tance and  high  interest,  invented  by  Dr.  Thomas 
Young  It  has  been  explained  under  Diffrac- 
tion, how,  if  a  divergent  ray  of  light  passes  the 
borders  of  a  hair,  or  fine  iron  thread,  a  series  of 
coloured  parallel  fringes  will  be  found  on  the 
edges  of  the  shadow.  Now,  the  distances  of 
these  fringes  from  the  shadow,  and  from  each 
other,  increase  as  the  diameter  of  the  thread 
diminishes ;  and  if,  instead  of  a  thread,  a  num- 
ber of  threads  be  used,  crossing  or  interlacing 
with  each  other,  the  colomed  fringes  will  be 
changed  into  concentric  circles,  like  bales,  ^vhose 
diameters  are  inversely  as  the  tenuity  of  the 
threads. — Again,  in  a  thin  circular  plate  let  a 
very  small  hole  be  bored,  and  all  around  it,  at 
small  distances,  a  series  of  similar  circular  holes. 
Place  behind  the  central  hole,  the  flame  of  a 
lamp,  and  examine  the  luminous  point  through 
some  substance,  that  it  is  desired  to  examine. 
Around  the  central  hole,  a  halo  will  appear,  and 
by  moving  the  substance  imder  examination 
nearer  to,  or  farther  from  the  plate  (also  a 
graduated  scale),  this  lialo  may  be  made  to 
coincide  with  the  ring  of  holes  surrounding  the 
central  one.  The  distance  of  the  object  or  sub- 
stance from  the  ring  must  then  be  read  off  at 
tlie  scale;  and  this  distance  will  be  a  correct 
measure  of  the  diameter  of  the  fibres,  or  globules, 
of  which  the  substance  is  composed.  Young 
computed  in  this  way  the  diameters  of  a  great 
number  of  substances,  such  as  the  fibres  of  finest 
cambric,  the  globules  of  the  blood,  &c 

Errors.  It  has  been  already  explained  under 
CoRUECTiON,  that  no  Obser\-er  ventures  to 
assume  that  the  results  at  which  he  arri\  es  by 
nid  either  of  his  senses  or  itisti'iiments,  can  be 
accounted  perfect.  Imperfections  inhere  in  liis 
own  temperament,  and,  it  may  be,  in  the  sense  he 
is  using ;  and  let  the  instrument  be  the  best  that 
ever  came  from  Artist's  hands,  we  may  be  well 
assured  that  it  docs  not  perform  \vith  absolute 
About  the  correctness  any  one  of  its  professed  functions.  The 
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deftxition  of  the  fixed  eiTors,  alike  in  lus  person 
and  his  instrument,  is  therefore  a  first  duty  of 
the  Obser\'er:  and  we  have  shown,  under  article 
already  referred  to,  how  allowances  must  always 
be  made  for  such  inaccuracies.    This  done,  how 
ever,  errors  still  remain,  errors  from  accidental 
causes,  or  at  all  events  of  irregular  origin,  and 
not  reducible  to  any  law.    For  instance,  suppose 
that  the  problem  is  to  determine  the  exact  posi- 
tion of  some  remote  immovable  point,  the  Ob 
server  finds  that  no  two  of  his  determinations 
exactly  agree,  neither  do  the  observations  of 
difierent   observers.     To  insure  the  utmost 
attainable  accuracy,  observations  are  repeated 
on  the  point,  and  numbers  of  determinations 
accumulated;  and  the  practical  question  is— 
in  what  manner,  out  of  all  these  imperfect  deler- 
minations,  may  the  truth  as  to  the  required  posi- 
tion, be  deduced  as  accurately  as  possible  f  Two 
points  bearing  on  this  inquiry  demand  especial 
notice.—!.  "We  shall  here  presume  that  the 
Observations  to  be  dealt  with,  are,  in  so  far  as 
the  Obser^'er  knows,  equally  good, — in  other 
words,  that  he  has  no  reason  to  place  greater 
reliance  on  one  set  of  them,  than  on  another  set. 
If  this  is  not  the  ease,  the  numbers  given  by  the 
.difierent  observations  must  be  first  brought  to  a 
condition  that  will  permit  all  bemg  dealt  with, 
as  if  it  were  the  case.    And  for  the  mode  of 
reduction,  in  this  respect,  the  reader  is  referred 
to  Observations,  Weight  of.    The  mode  of 
combining  a  set  of  such  equally  probable  Obser- 
vations, in  most  general  use,  is,  by  taking  what 
13  termed  then:  average  or  mean:  i.e.  the  separate 
results  are  added  together,  and  divided  by  their 
number,— a  rule  which  holds  as  the  best,  in  a 
certain  number  of  cases,  but  by  no  means  in  all 
cases— not  even  in  the  largest  "and  most  impor- 
tant class.     For  instance,  if  the  Observation 
belongs  to  a  class  of  which  the  following  may 
^  taken  as  an  illustration,  the  rule  of  the 
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of  the  average,  we  should  require  to  enclose  the 
foregoing  polygon  within  rectangular  co-ordinates, 
and  find  the  position  of  A  with  regard  to  each  of 
them.  But  there  is  a 
simple  method, — one 
that  contains  the  germ 
of  the  most  general 
method,  and  wliiijh 
ivill  be  readily  under- 
stood. The  most  pro- 
bable position  of  a, 
^vill,  in  this  case,  be 
the  centre  of  figure, 
or  the  centre  of  gravity 
of  the  polygon.  But 
it  is  a  property  of  the  pj^.  2. 

centre  of  gravity  of 

such  a  polygon,  "that  the  sum  of  the  squares 

is  less 


be   ^ 

Arithmetical  mean  or  average  would  be  the  true 
one.    Supiwse  the  Observer,  seeking  to  deter 


Fig.  L 


mine  the  position  of  a,  took  five  observations 
•  whose  results  gave  him  the  points  a^,  a^ 
instead  of  a,  then,  assuredly,  the  most  pro- 
bable  posuion  of  a  as  deduced  from  these  results, 
would  be  that  of  an  intermediate  point,  the  sum 

«de  of  ,t  should  just  be  equal  to  the  sum  of  its 
d^ances  from  a*  and  a^  on  the  other  side; 

cd  Me^rtV''^"'"^'^"*  the  Arithmeti: 
a  rShV  r    '  ^'^^  P°'"ts  were  not  in 

A,  in  space,  the  Anthmetical  rule  would  not 

prob  We  lo 

cahty  of  A  in  this  case,  by  aid  of  the  principle 
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of  these  lines,  aa',  aa«,  &c.    aa»,  .  .  ™ 
than  the  sum  of  squares  of  similar  lines  drawn 
from  any  other  point  to  the  angles  of  the  poly- 
gon.   These  lines,  a  ai,  &c.  are  the  en-ors  of 
the  separate  observations;   therefore,  the  rule 
for  finding  the  average  is  simply  this,— deter- 
mme  the  mean  point  so,  that  the  sums  of  the 
squares  of  the  deviations  of  the  separate  Ob- 
servations from  it,  or  the  sums  of  the  squares  of 
the  EKEORS  shall  be  the  least  possible.    This  is 
the  root  of  that  famous  principle  of  the  least 
SQUARES,  introduced  by  Gauss  and  Legendre, 
and  now  of  universal  acceptance.    See  Squares, 
THE  Least. — 2.  The  trae  mean,  or  average, 
thus  determined,  it  is  of  greatest  importance  to 
know  how  far  the  mean  may  be  supposed  still  to 
diverge  from  the  absolute  truth,  or  how  near  it 
may  be  supposed  to  approach  it?     In  other 
words,  what  is  the  probable  Ei-ror  of  the  Mean? 
The  rules  above  given  apply  to  any  set  of  Ob- 
servations, lunited  or  numerous,  or  whether  made 
by  a  good  or  mdiflerent  Observer.    The  best 
Mean,  will  in  aU  cases  be  found  by  this  rule; 
but  the  weight  due  to  that  mean,  or  the  amount 
of  reliance  we  can  put  on  it,  will,  of  course,  vary 
with  tie  circumstances  just  mentioned :  and  that 
variation  may  be  expressed  by  the  probable  eiror 
of  the  3Iean.    It  is  clear  that  the  value  of  the 
mean  as  to  coiTectness,  or  its  reliability,  must 
depend  on  the  nearness  of  the  separate  observa- 
tions to  it,  whereas  we  shall  measure  its  unre- 
liability, or  its  probable  inaccuracy,  mamly  by 
the  remoteness  of  the  separate  observations  from 
it.    The  following  are  the  rules  that  guide  us  in 
our  appreciation  of  aU  its  qualities : — the  demon- 
stration of  these  rales  is  found  m  every  good 
treatise  on  Probabilities.    The  qualities  of  a 
residt  obtained  as  above,  that  need  to  be  deter- 
mined, are  its  precision,  its  weight,  its  probable 
error,  and  its  mean  error.    Taking  ni  as  the 


mean  square  of  the  errors,  these  qualities  are 
determined  by  the  following  formulaj :  

Precision—  i/— . 

2  nt 


EUD 

Weighi=J-. 

2  m 

Probable  Error  =  -074489  \^  m. 
Mean  Error  =  -398942  V  m. 

IBudionictcr.  An  instrument  chiefly  of  che- 
mical interest,  originally  employed  in  the  analj'- 
8is  of  atmospheric  air; — a  result  of  Priestley's 
great  discovery  of  the  non -homogeneous  nature 
of  airs  and  gases.  It  was  thought  for  a  long 
time  air  and  gas  was  one  simple  substance. 
Priestley  discovered  that  in  atmospheric  air  there 
are  at  least  two  sorts  of  substances.  The  Eudio- 
meter is  an  instrument  invented  for  the  sake  of 
analyzing  air  quantitatively  as  well  as  qualita- 
tively— that  is,  obtaining  the  knowledge  how 
many  proportions  of  each  different  element,  a 
given  quantity  of  air  (e.  g.  100  parts)  contains. 
The  principle  is  generally  tliat  of  presenting 
some  body  to  the  oxygen  of  the  air  or  other  gas 
(for  they  are  employed  for  analyzing  all  gases), 
which  may  be  capable  of  taking  it  up  com- 
pletely, leaving  the  others  free.  The  details  are 
entirely  chemical.  See  Penny  Cyclopmdia  and 
Thomson's  Cydopmdia  of  Cliemistry. 

Eunomia.    One  of  the  Asteroids.    For  Ele- 
ments, &c.,  see  Asteroids. 

Euphrosyne.    One  of  the  Asteroids.  For 
Elements,  &c.,  see  Asteroids. 

Euterpe.    One  of  the  Asteroids.    For  Ele- 
ments, &c.,  see  Asteroids. 

Evaporation.  It  appears  that  every  sub- 
stance, solid  or  liquid,  tends  to  convert  itself,  to 
an  extent  depending  on  the  temperature  and 
other  circumstances,  into  invisible  vapour:  water, 
for  instance,  sends  off  vapour  from  its  surface  at 
all  temperatures,  even  when  it  is  ice.  This  pro- 
cess is  termed  Evaporation:  Vaporization,  as 
distinguished  from  evaporation,  signifies  the  con- 
version of  a  liquid  into  vapour  by  the  mode  of 
ebidlition.  It  appears  that  all  vapours  enjoy  the 
property  of  gases,  in  mixing  with  other  aeiiform 
fluids,  according  to  their  own  laws,  and  as  if 
they  were  diffused  through  a  void.  Every 
special  atmosphere  of  vapour  within  our  com- 
pound atmosphere,  therefore,  acts  on  its  o\vn 
particles  alone :  i.e.  thw  aqueous  vapour  in  the 
air  acts  by  pressure  only  on  itself.  The  limit  to 
evaporation  is  therefore  this;  if  an  amount  of 
vapour  has  already  accumulated  in  the  air,  so 
that  its  weight  equals  the  elastic  force  of  vapour 
at  the  temperature  of  the  surface  of  the  exposed 
liquid,  no  more  vapour  will  rise  from  that  sur- 
face; and,  cmteris  paribus,  the  rapidity  of  eva- 
poration will  depend  on  the  amount  by  which 
the  weight  of  the  vaporous  atmosphere  is  less 
than  tliis  elasticity.  The  second  main  physical 
character  of  evaporation  is  this— it  cannot  take 
place  without  producing  cold.  A  body  in  the 
.^tate  of  vapour  has  a  much  greater  capacity  for 
heat,  than  when  in  the  condition  either  of  liquid 
or  solid  ;  the  change  of  state  necessarily  causing 
absorption  of  heat,  by  the  vapour,  from  all  sur-  ^ 
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rounding  bodies : — a  fact  readily  illustrated  if 
one  pours  a  few  drops  of  ether,  or  any  liquid  of 
rapid  evaporation,  into  the  palm  of  the  hand. 
If  the  evaporation  proceed  with  great  rapiditj', 
this  absorption  becomes  sufficiently  powerful  to 
produce  noticeable  effects.  Evaporation  of  ether 
in  vacuo,  may  be  made  to  freeze  mercury :  ice 
is  formed  in  Leslie's  beautiful  experiment,  under 
the  receiver  of  an  air  pump,  by  the  evapora- 
tion of  water  itself:  by  the  same  power  of  rap'3 
evaporation,  carbonic  acid  gas  was  solidified  by 
Thilorier,  and  Boutigny  has  recently  shown  us 
ice  produced  by  the  same  energj'  in  an  incan- 
descent crucible  !  The  icy  caverns  of  the  Jura, 
the  ice  cavern  of  Connecticut,  as  well  as  that 
remarkable  one  of  Illetzka)'a,  in  the  steppes  of 
the  Kirghis,  owe  their  frigorific  character  to 
intense  evaporation  of  moisture  caused  by  the 
adjacencj'  of  the  warm  and  dry  external  air: 
but  it  is  among  the  general  phenomena  of  Me- 
teorologj'  that  this  important  agency  plays  its 
most  conspicuous  part.  The  reader  is  referred 
to  Hydrometeors,  Hygrojietry,  Meteor- 
ology, and  Vapours. — Instruments  of  several 
simple  forms  are  used  to  note  the  rate  of  Evapo- 
ration, as  an  element  in  the  meteorological  char- 
acter of  the  time  of  observation. — See  further. 
Heat,  sec.  19. 

Evaporation,  Meclianical  Theory  of. 
In  various  parts  of  this  Cyclopaedia  proofs  are 
advanced  of  the  truth  of  the  modem  theory  that 
those  affections  of  substances,  which  we  term 
their  relations  to  heat,  spring  from  motions  of  their 
molecules.  The  inferences  from  this  theory,  in 
reference  to  evaporation,  are  curious  and  interest- 
ing, and  are  intended  to  be  briefly  explained  in 
the  present  article. — The  nature  of  the  motions 
of  the  molecules  of  substances,  in  different  states 
of  aggregation— solid,  liquid,  or  gaseous — is  of 
course  not  as  yet  matter  of  experiment,  and  has 
been  variously  conceived ;  some,  with  Professor 
Rankine,  prefer  the  vortical  theory ;  others  lean 
to  the  idea  of  a  motion  of  translation  or  oscilla- 
tion. Without  rejecting  the  notion  of  vortices, 
which  also  will  account  for  most  of  the  pheno- 
mena, Joide,  in  1843,  represented  the  possible 
state  of  gases  as  a  state  in  which  the  molecules 
are  in  rapid  translation,  impinging  on  each  other 
like  elastic  balls,  and  finally  on  the  sides  of  a 
vessel  containing  them,  with  a  force  represented 
by  their  elastic  or  expansive  energy.  Taking 
hydrogen  gas  as  an  example,  he  computed  that 
the  velocity  of  its  particles  at  60°  F.,  and  a 
barometrical  pressure  of  30  inches,  must  be  6,226 
feet  per  second.  Kr'dnig  and  Clausius  afterwards 
worked  under  the  same  conception. — The  condi- 
tion of  the  molecules  of  a  liquid  must  be  more 
complex  and  less  easily  realized.  They  may  be 
turning  round  their  centres  of  gravity,  and  these 
centres  may  also  be  moved  out  of  their  place,  or 
have  a  limited  motion  of  translation.  In  fact,  a 
rotating,  an  oscillating,  and  a  translatorj-  motion 
may  all  take  i-lace  simultaneously,  although  in 

356 


EVA 

such  a  manner  .that  these  molecules  are  not 
thereby  separated  from  each  other,  but  remain 
within  a  certain  volume.    Let  us  now  contem- 
plate the  state  of  the  surface  of  a  liquid  thus 
constituted.    Amongst  those  \-aried  motions  of 
its  molecules  to  and  fro — which  must  be  indivi- 
ilualhj  irregular,  although  their  mean  is  constant — 
it  can  scarcely  happen  otherwise  than  that,  under 
a  favourable  co-operation  of  all  its  constituent 
motions  (translatory,  oscillating,  and  rotatingX 
a  molecule  will  separate  itself  with  violence  from 
its  neighbours,  and  receding  from  the  sphere  of 
their  action,  continue  its  flight  into  the  space 
abo\-e  the  liquid.    Suppose  that  space  enclosed, 
and  empt}', — it  will  gradually  become  more  and 
more  filled  with  such  molecules,  which,  having 
assumed  the  motions  of  the  molecules  of  a  gas, 
will  strike,  as  already  described,  oa  all  the  en- 
closing surfa<!es.    But  the  liquid  is  one  of  these 
surfaces,-  and  whea  a  molecule  strikes  against 
that,  it  will  most  probably  be  absorbed  or 
retained,  in  consequence  of  the  renewed  attrac- 
tion of  the  other  molecules  into  whose  vicinity 
it  has  been  driven.    A  slate  of  equilibrium  will 
ensue  when  the  number  of  molecules  in  the 
enclosed  space  is  such  that,  on  the  average,  as 
many  strike  against  the  surface  of  the  liquid  as 
are  expelled  from  it  in  the  same  time.  This 
equilibrium,  therefore,  is  not  a  state  of  rest  or  of 
the  cessation  of  evaporation,  but  a  state  in  which 
evaporation  and  condensation  continually  take 
place,  and  compensate  each  other  in  consequence 
of  their  equal  intensitj'.    The  density  of  the 
vapour  necessary  for  this  compensation  is  evi- 
dently dependent  upon  the  number  of  the  mole- 
cules expelled  from  the  surface  of  the  liquid  in 
the  unit  of  time — L  «.,  on  the  activity  of  the 
motions  within  the  liquid;  in  other  words,  upou 
its  temperature. — It  is  easy  to  see  that  the  fore- 
going change  of  motion  must  be  accompanied  hy 
the  disappearance  of  a  large  amount  of  thermo- 

metric  heat  dausiits,  to  whom  we  owe  the 

previous  speculation,  proceeds  to  explain  why 
the  presence  of  another  gas  above  the  liquid  can- 
not impede  its  evaporation.  The  pressure  of  the 
gas  on  the  liquid  arises  solely  from  the  fact  that, 
here  and  there,  single  molecules  of  the  gas  strike 
against  the  liquid's  surface.  But,  inasmuch  as 
these  actually  fill  but  a  small  part  of  the  space, 
that  space  may  virtually  be  considered  as  empty, 
and  offering  a  free  passage  to  the  molecules  of  the 
liquid.  "  la  general,  these  molecules  will  come 
into  collision  with  those  of  the  gas  only  at  com- 
paratively great  distances  from  the  surface,  and 
the  former  will  then  deport  themselves  towards 
the  latter,  as  would  the  molecules  of  any  other 
admixed  gas.  We  must  conclude,  therefore,  that 
tlie  h()uid  also  expels  its  molecules  into  the  space 
filled  with  gas,  and  that  in  this  case  also  the 
quantity  of  vapour  thus  mixed  with  the  gas 
contmues  to  increase,  until,  on  the  whole,  as 
many  molecules  of  vapour  strike  against,  and 
are  absorbed  by  the  surface  of  the  liquid,  as  the 
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latter  itself  expels :  so  that  the  number  of  mole- 
cules of  vapour  to  the  unit  of  volume  requisite 
thereto,  is  tlie  same,  whether  the  space  does  or 
does  not  contain  additional  molecules  of  gas." 
It  will  be  easily  seen,  however,  that  the  pressure 
of  the  new  or  foreign  gas  exercises  a  very  differ- 
ent influence  on  the  interior  of  the  liquid. — As 
in  liquids,  so  in  solids — the  possibility  of  an 
evaporation  may  be  comprehended ;  nevertheless, 
it  does  not  follow  from  this .  that  an  evaporation 
mtLst  take  place  on  the  suiface  of  all  bodies.  It 
is,  in  fact,  readily  conceivable  that  the  mutual 
cohesion  of  the  molecules  of  a  body  may  be  so 
great,  that  so  long  as  the  temperature  does  not 
exceed  a  certain  limit,  even  the  most  favourable 
combination  of  the  several  molecular  motions  is 
not  able  to  overcome  this  cohesion.    It  will  be 
readily  seen  that  the  theory  now  given  quite  con- 
cords with  the  older  speculations  of  Faraday. — 
Joule's  memoir,  to  which  we  have  referred,"was 
read  to  the  Manchester  Philosophical  Society  on 
October  3,  1848,  and  is  republished  in  the  Philoso- 
phical Magazine  and  Journal  for  1857,  vol.  ii. 
Kronig's  work  is  entitled  Grundzuge  einer  Theorie 
der  Gase.     The  very  interesting  memoir  by 
Clausius,  "  On  the  Nature  of  the  Motion  which 
we  call  Heat,"  is  reprinted  in  the  volume  of  the 
PJulosopldcal  Magazine  just  mentioned. 

£reciion.  A  lunar  inequality.  See  Lun.4k 
Theory. 

Erolnte.    A  term  correlative  to  involute  

applied  to  a  curve.  One  curve  is  the  evolute  of 
another  when  it  is  formed  by  imrolling  a  thread 
wrapped  round  this  first  curve;  and  to  the  end 
'of  which  thread  a  pencil  is  attached.  The  in- 
volute is  the  curve  from  which  the  evolute  is 
formed — the  one  round  which  the  thread  is 
wrapped.  It  is  evident  that  any  given  curve 
can  only  have  one  evolute ;  but  it  is  also  mani- 
fest that  the  same  evolute  may  be  traced  from 
many  involutes.  One  can  easily  trace  the 
evolute  of  a  circle  by  taking  a  crown  piece  and 
unwrapping  a  thread  as  described.  The  circle 
may  itself  be  considered  as  the  evolute  of  a  point. 
Any  curve  may  have  an  infinite  number  of  invo- 
lutes. The  mathematical  equations  which  con- 
nect the  evolute  and  involute  are  the  following : 
Let 

be  the  equation  of  the  Involute ;  then 

_ 


(X  —  a;)  -f  (Y  _  2,)     y_  =  0. 

a  X 


1  + 


\dx  J  — 


■  i')  =  0. 


From  which  x  and  y,  being  ordinates  of  the 
involute,  must  be  eliminated.  If  the  evolute  be 
given  and  the  involute  be  required,  then  y  =.  fx 
must  be  used  instead  of  tho  first  equation,  and 
from  this  with  the  other  two  the  ordinates  of 
the  evolute  x  and  y  must  be  eliminated,  giving 
a  difl^'erential  equation  of  the  second  order  for  the 
involute,  with  no  means  of  determining  the  con- 
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stants.  t'hc  number  of  iuvolutes  of  a  given 
evolute  is  therefore  iiiliiiite. 

Urolution.  An  algebraic  term  correlative 
■with  involution.  In  the  technical  sense  in  which 
the  two  words  are  commonly  used  they  mean 
Ihe  extraction  of  roots,  and  the  raising  to  powers. 
"^Vhen  any  number,  as  5,  is  multiplied  by  itself, 
we  obtain  25,  the  second  power,  or  square  of  5. 
By  another  multiplication  we  obtain  the  third 
power,  or  cube  ;  by  still  another,  the  fourth 
power,  and  so  on,  the  name  of  the  power  corre- 
sponding to  the  nnmber  of  recurrences  of  the 
quantity.  Thus,  5X6X5X5X5,  is  the 
fifth  power  (3125)  of  5.  This  continual  multi-' 
plication  is  called  involution.  Suppose  now  that 
we  have  the  number  3125  before  us,  and  that 
we  ai-e  required  to  find  a  number,  such  that 
when  it  is  thus  multiplied  5  times  into  itself,  the 
result  will  be  3125  i.e. : — to  find  the  fifth  root  of 
3125.  We  chance  to  know  that  the  result 
at  ]iresent  is  5,  but  when  we  do  not,  as  is 
ol'teiiest  the  case,  we  have  to  enter  into  compli- 
cated processes  to  determine  it.  These  processes 
are  called  evolutions.  A  more  extended  meaning 
has  been  given  to  the  terms,  according  to  Avhich 
they  are  thus  defined: — Involution  is  the  per- 
formance of  any  number  of  successive  multipli- 
cations with  the  same  multiples,  mterrupted  or 
not  by  additions  or  subtractions ;  and  evolution 
is  any  method  of  finding  out  from  the  result  of 
an  involution  what  multiplier  was  employed, 
provided  that  the  said  method  proceeds  by  in- 
volutions. Thus  [(2  X  -\-  X  —  3]  -j-  10, 
is  the  result  of  involution,  which  consists  in  the 
jierformance  of  the  operation  indicated.  The 
deduction  from  the  simple  result,  2  a;*  -|-  4  a;' — 
3  a;  -j-  10,  that  those  operations  have  been  per- 
formed, is  what  evolution  consists  in.  This  ex- 
tension of  the  term  makes  the  tlieory  of  equations 
a  branch  of  evolution,  as  unquestionably  it  ought 
to  be  considered.  For  the  discover}'  that  a  cer- 
tain quantity  is  equal  to  (e.g^  10»Xa  +  103 
y  J  _[_  10  X  c  (i,  &c.  though  a  little  less 
complex  in  practice,  depends  on  the  very  same 
jji  inciple  as  the  more  general  question  of  evolu- 
tion. In  its  more  confined  sense — in  the  obtain- 
ing of  powers  and  roots  of  arithmetical  quanti- 
ties— Barlow's  table  of  square  and  cube  roots  is 
invaluable  to  all  who  have  many  arithmetical 
calculations  to  make.  In  physical  inquiry  it  is 
constantly  required  to  extract  roots,  or  to  raise 
to  powers,  and  the  waste  of  time  in  going 
throu"-h  very  long  processes  would  be  enonuous. 
Such  "tables  are  not  only  useful  for  determining 
square  and  cube  roots,  and  second  and  third 
powers,  but  also  for  determining  all  other  powers 
and  roots  by  simple  rules.  Tiie  simple  for- 
mulas applied  for  these  are,  (n")"  =  n"",  and 
a"  X  a"  =        " )  foi'  involution ;  and  for  evolu- 

I 
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tion,  V  j'"  =  o>»"  >  and      =  o™  "  —  n  " 
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Thus,  the  sixth  root  of  15625  may  be  thus 
found,  15625* 

n/— 


=  -v/156252  \        =  Va"  1  =  Vl25  =  5. 

Again,  the  sixth  power  of  5,  may  be  thus  found, 

5"  =  5*  X  5»  =  125  X  125  =  15625 
(0™  +  "  ==  a™  X  a");  or  thus,  5»  =  (5»)2  = 
(125)-  =  15625  lid'Y  = 

Exhanstions,  Method  of.  The  process 
by  which  the  Greek  Geometers  passed  from  the 
areas,  &c.  of  rectilineal  figures  to  those  of  curvi- 
lineal.  The  latter  class  of  questions  cnuld  not, 
on  the  ground  of  the  accepted  principles  of  the 
ancient  Geometry,  be  treated  directly,  or  unless 
through  such  a  transition ;  and  the  method  of 
Exhaustion  was  the  logical  process  of  that  tran- 
sition. The  process  referred  to  must  be  care- 
fully distinguished  from  one  of  mere  approxima- 
tion :  the  results  it  demonstrates  are  fuHy  and 
rigorously  demonstrated.  The  Greek  Geometer, 
for  instance,  was  not  satisfied  with  shw\ing  that 
we  could  come  as  near  as  possible,  or  nearer  than 
any  given  finite  quantity,  to  the  area,  let  us  say 
of  a  circle,  by  increasing  indefinitely  the  number 
of  the  sides  of  inserted  polygons.  It  is  true  that 
a  polygon  might  thus  be  conceived,  difierin^ 
from  the  circle  by  a  quantity  less  than  any  that 
could  be  stated ;  and  it  might  seem  quite  allow- 
able to  transfer  any  general  property  of  the 
polygon  to  the  circle  itself,  or  to  consider  the 
two  identical:  but  this  woidd  not  have  satisfied 
the  critical  spirit  of  these  exquisite  reasoners. 
And  that  there  might  be  no  lacune  whatsoever, 
or  the  substitution  of  a  mere  approximation  for 
the  absolute  truth,  Euclid — in  all  probability — 
jfirsi  sought  to  make  the  transitiba  absolutely 
legitimate ; — resting  it  on  the  two  foHomng  pro- 
positions.— 1.  If  from  A,  more  than  its  half  be 
taken,  and  from  the  remainder  more  than  its  half, 
and  so  on,  the  remainder  will  at  last  become  less 
than  B,  where  b  is  any  similar  magnitude 
named  at  the  outset  and  however  smalL  2.  Let 
there  be  two  magnitudes,  p  and  Q,  both  of  the 
same  kind,  and  let  a  succession  of  other  magni- 
tudes, which  we  may  call  Pj,  P3,  Pg,  be  each 
nearer  and  nearer  to  p,  so  that  any  one,  P2,  shall 
differ  from  p  less  than  half  as  much  as  its  pre- 
decessor differed.  Let  Qi,  Q2,  Q3,  &c.  be  magni- 
tudes of  tlie  same  kind  in  regard  to  q  :  and  let 
the  ratios  of  Pj  :  <Ji  of  Pg  :  Qj,  &c.  be  all  the 
same  ratio, — the  ratio,  we  shall  say,  of  a  :  b; 
then  must  the  ratio  of  p  :  q  be  that  of  a  :  b. 
It  will  easily  be  seen  by  the  student,  that  if  p 
and  Q  be  two  circles,  p  and  Q  inserted  squares, 
Pa  and  Qa  inserted  octagons,  &c.  and  a  and  b 
the  squares  in  the  diameters  of  the  circles — it 
will  follow  at  once  that  p  :  q  =  a  :  b. — The 
Method  of  Exhaustions  had  the  same  relation  to 
the  piodern  Method  of  IJmitf,  as  the  l^Iethod  of 
Itidivisibles  to  the  Infinitesimal  Method  of 
Leibnitz. 
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Expansion.  The  two  forces  which  chiefly 
operate  in  maintaining  the  old,  or  causing  a  new 
state  of  aggregation  in  bodies,  as  solid,  liquid, 
or  gaseous,  are  the  forces  of  cohesion  and  heat. 
The  latter  is  the  disuniting  principle,  tending  to 
render  solids  liquid  or  gaseous,  and  liquids  gas- 
eous. The  former  principle  produces  the  reverse 
eflect. — A  certain  amount  of  heat,  however,  is 
required  to  produce  such  change  of  aggregate 
condition ;  and  quantities  short  of  this,  may  be 
expected  to  produce  some  change,  though  not 
one  so  complete.  In  fact,  heat  does  expand 
bodies,  ue.  it  drives  the  particles  farther  from 
another,  before  it  produces  a  change  of  state; 
and  this  phenomenon  is  called  expansion.  The 
methods  of  measuring  expansion  are  detailed  in 
the articlesPrROMETERand Thermometer;  and 
we  shall  proceed  here  to  give  some  of  the  results 
of  measurement,  assuming  these  methods  to  be 
:  known. — We  should  expect  to  find,  and  actually 

■  do,  that  in  consequence  of  the  difference  of 
1  molecular  constitution  in  solids  and  liquids  and 
i  gases,  there  are  great  differences  also  in  their 

■  capacities  for  expansion,  and  in  the  amounts  of 
i  it  under  different  circumstances.  —  In  experi- 

I  menting  on  solid  bodies,  it  is  most  usual  to  heat 
'  long  prismatic  bars  through  certain  ranges  of 
:  temperature,  and  watch  their  mcrease  of  length. 
.  An  important  deduction  from  the  fact  of  ex- 
:  pansion  is  the  danger  of  embedding  metals— 

!  bodies  readily  expanding  or  contracting  in 

!  buildings,  the  stone  and  wood  of  which  expand 
i  but  little.  In  -vvinter,  the  metal  draws  the  stone 
!  towards  itself,  by  contraction,  and  in  summer, 

•  pushes  it  away— so,  breaking  up  the  stone.  If 
:  the  metal  cannot  quite  free  itself  from  its  connec- 
tion, it  will  destroy  the  building.  Several  buQd- 
ings  have  required  to  be  taken  to  pieces,  because 
the  architect  very  imprudently  made  use  of  u-on 
bars  for  mcrease  of  security — The  amouiU  of  this 
expansion,  as  we  have  said,  is  usually  measured 
by  the  dilatation  m  length,  of  rods  of  the  sub- 

-  stance  in  question,  heated  through  a  given  range 
of  temperature.  Such  a  method  is  evidently  very 

;  convenient,  as  the  amount  wanted,  is  capable  so 
of  easy  measurement.    But  in  liquids  and  gases 

'  we  cannot  employ  it    We  cannot  take  a  bar  of 

1  air  or  water,  and  measure  how  much  longer  it 
becomes,  under  a  given  amount  of  heat.  We  must, 
therefore,  find  some  relation  between  the  methods 
of  measuring  expansion  by  linear  dilatation,  and 
mcrease  of  volume.  Suppose  a  rectangular 
prismatic  bar,  whose  length,  breadth,  and  thick- 
ness are  a,  b,  c,  respectively.  Its  contents  will 
pear  a  certain  ratio  to  the  regular  cube  a».  If 

•  It  be  expanded,  it  wUl  continue  to  bear  the  same 

•  ratio  to  the  cube  of  the  side  corresponding  to  a, 
tor  all  parts  expand  proportionally.  Hence,  if  h 
be  the  linear  dilatation  of  a,  the  new  lengtli  will 
be  a-f  A,  and  the  ratio  of  the  contents  or  volumes 
will  be  a»  :  Ca-\-hy.  The  measure  of  linear 
dilatation  is  then  (idi^bia 
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pansion  (^L^Jll'^ZJ!!'  the  first  equal  to  h  and 

a 

the  second  to    '  ^'"^^  h^a^  +  h^,  3h 
a"  a 
,  3       ,  h»  .     „  , 

"T  — —  "T  —  •    JNow,  in  all  cases  of  solid  ex- 
a* 

pansion,  ^  the  linear  dilatation  is  a  very  small 
a 

fraction.  Thus,  for  tin  heated  from  32°  to  212", 
it  is  only  1-462.    The  ratio  of  cubical  expan- 

/3h     3  h^, 

to  linear  dilatation,  which  is  (  -+-  — r-"i" 

'  \  a  ' 

^W-,or3-f3--f-^,  diflfer  very  little, 

indeed,  from  3,  and  we  may  take  this  rule  when 
we  are  not  requiring  exactness  within,  perhaps, 
l-150th  of  the  whole  quantity  measured,  that 
the  cubical  expansion  may  be  found  bi/  trebling 

the  linear  dilatation  .In  measuring  the  amount 

of  such  expansion,  in  any  case,  the  great  diffi- 
culty is  to  avoid  errors  in  the  detection  of  a 
quantity  so  small.  The  methods  employed  to 
magnify  the  visible  result  are  in  principle  the 
same  as  this  one.  The  bar,  a  b  (see  figure)  is 
heated,  and  expands. 
It  is  kept  firmly  fixed 
at  one  end,  and  at 
the  other  end  pushes 
against  the  short  end 
of  a  lever.  The  long 
end  moves  through  a 
space  so  much  larger 
than  the  bar  and 
the  short  one  which 
moves  with  it,  as  it 
is  longer  than  the 
short  one.  If  this 
long  end  move  the 

short  end  of  another  lever,  we  may  have  the 
required  quantity  again  multiplied,  and  so  in- 
definitely. This  same  principle  of  multiplying 
small  motions  by  levers,  in  order  that  they  may 
become  more  easily  measured,  is  very  frequently 
employed  in  similar  determinations. — Another 
requirement  in  making  such  measures,  is,  that 
the  moving  bar  be  uniformly  heated,  so  that  the 
real  dilatation  of  the  bar  may  be  due  to  pre- 
cisely the  amount  of  heat  which  you  measure. 
Lamps  arranged  under  it,  at  equal  distances,  are 
sometimes  employed  for  this,  but  the  more  usual, 
and  much  the  better  method,  is  to  place  it  in  a 
vessel  of  liquid,  at  one  extremity  of  your  tem- 
perature range,  leaving  it  there  till  it  gets  time 
to  take  its  temperature  exactly,  and  then  heat 
the  liquid  up  to  the  other  extremity  of  your 
temperature  range,  giving  the  bar  time  to  as- 
sume perfectly  the  same  temperature  also.  Tak- 
ing this  last  method,  the  following  measures  of 
linear  dilatation  are  obtained : — 
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SrnSTAWCRS. 
Iloated  from  Si"  to  -12". 

Lavoisier  and  Laplace. 

Englisli  flint  Glass  

Ordinary  French  Glass. . 


Steel  (tempered)  

Sterl  (not  tempered) . 

Soft  Iron  

Standard  Gold  

Copper  

Brass  

Standard  Silver  

Tin  (Indian)  

Tin  (Falmoutli)  

Lead  


LlHEAR  DiLATATIOH. 

Decimals 


Fractions, 


Smeaton's  observations  give — 

White  Glass  (Barometers) . . 

Steel  (not  tempered)  

—  (tempered)  

Iron  

Bismuth  

Copper-yellow,  from  mould. 

Copper  (hammered)  

Brass  and  Speculum  metal.. 

Pure  Tin  

Lead  

Zinc  


•000811CG 

•00091750  to 

•00087199 

•001'239.3G 

•00107880 

•0012'.'045 

•001513G1 

•00171733 

•0018fifi70 

•00190888 

•00193765 

•00217'298 

•0028i836 


1-1248 

1-1090  to 

1-1147 

1-807 

1-927 

1-819 

1-6G1 

1-582 

1-535 

1-524 

1-516 

1-46-2 

1-351 


Troughton's  observations  give- 
Platinum   

Steel  

Iron-thread  from  draw  plate. 

Copper  

Silver  


•00083333 
•00115000 
•00122500 
•0012.5833 
•00139167 
■00187500 
•00170000 
•00193333 
•00228333 
•00236667 
•002941G7 


•00099180 
■00118990 
•00144010 
•00191880 
•00208260 


1-1175 

1-870 

1-816 

1-795 

1-719  • 

1-533 

1-588 

1-517 

1-438 

1-349 

1-340 


1-008 
1-840 
1-644 
1-521 
1-480 


Dulong  and  Petit  give- 
Platinum   ^00088420  1-11.31 

Glass   -OOOHGiaS  l-Ufil 

Iron   •00118210  1-846 

Copper   -00171820  1-582 

This  table  gives,  pretty  accurately,  the  observed 
dilatations  -within  the  range  of  temperatures, 
32°  and  212°.  When  we  proceed  to  apply  it  to 
other  temperatures^  however,  we  find  it  at  fault ; 
the  cause  being,  that  the  amount  of  dilatation 
is  not  the  same  for  equal  increase  of  measurable 
temperature  from  different  starting  points.  It 
requires  a  different  amount  of  heat— less  con- 
siderably— to  raise  a  body  from  212°  to  213°, 
than  from  32°  to  33°.  The  cause  of  this  one 
can  understand.  In  solids,  there  is  a  balance  of 
cohesive  and  expansive  forces.  After  these 
latter  become  considerably  developed,  the  par- 
ticles of  bodies  are  much  farther  distant  than 
before.  Now,  cohesion,  like  all  other  forces  that 
we  know  of,  diminishes  with  distance,  and  there- 
fore, new  heat,  in  causing  still  farther  separation 
of  the  particles  of  bodies,  has  to  act  against  con- 
siderably less  resistance  than  before.  It  accom- 
plishes more  sensible  work,  therefore,  i.e.  gives 
a  larger  dilatation.  The  subject  has  not  been 
much  experimented  upon,  but  the  following  few 
results  are  trustworthy : — 


Linear  dilatation  In  and  from 

rise  from  212°  to  213°  «72'' to /iriP 

Glass  1.C9GG0    1-S9220 

Phitinum,  l-«78(i0    1-60310 

Iron,  1-50760    1-40673 

Copper,  1-34120    1-31860 

As  platinum  is  here  least  inegular  in  its  ex- 
pansion, giving  dilatation  most  nearly  equal  for 
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the  equal  rise  of  temperature,  it  would  be  best 
fitted  for  a  metallic  thermometer. — The  differ- 
ence in  the  rates  of  expansion  of  melals  can  be 
employed  as  a  ver}'  delicate  lliermometric  means. 
Two  metals  are  combined  which  expand  differ- 
ently, and  this  difference  is  measured.  Breguet's 
thermometer  is  an  admirable  illustration  of  this. 
See  Theumometer. — We  have  said  that  the 
rate  of  dilatation  is  increased  for  equal  ascents 
from  increased  temperatures.  This  is  generally, 
but  not  always  true.  Sometimes,  on  the  contran,-, 
the  expansion  takes  a  turn  downwards,  and  the 
body,  if  heated  further,  will  expand,  but  will 
also  do  so  if  cooled  down.  In  passing,  therefore, 
up  to  this  point  of  greatest  density,  it  has  con- 
tracted instead  of  expanded.  This  property 
exists  also  in  liquids,  as  we  shall  immediately 
see.  Of  solids,  the  one  which  best  exemplifies 
it  is  that  called  Eose's  fusible  metal,  which, 
when  heated  from  32"  to  111°,  expands  from 
100  to  100  83  parts.  On  heating  from  111°  to 
156°,  the  body  contracts  instead  of  expanding, 
until  at  156°,"  the  body  is  only  99^291  in  vol- 
ume. From  15G°  to  178°  it  expands,  rising 
to  100,  and  from  178°  up  to  201°,  continues  to 
expand,  reaching  100^862  parts,  and  there  it 
begins  to  melt.  It  is  curious  that  the  body  has 
no  point  of  maximum  density  when  in  this 
liquid  state,  as  most  other  liquids  have. — Passing 
to  the  expansion  of  liquids,  we  find  this  same 
phenomenon.  When  a  liquid  is  heated  from  a 
certain  point,  it  frequently — although  not  al- 
ways —  contracts,  instead  of  expanding,  and 
expands  in  coming  do^vn  from  that  point.  The 
general  law  seems  to  be,  as  in  solids,  that  the 
amount  of  dilatation  for  equal  rises  of  tempera- 
ture is  greater  the  greater  the  initial  temperattu-e 
is.  The  explanation  is  probably  quite  the  same 
as  that  given  for  solids,  that  there  is  a  diminished 
cohesive  force,  against  which  the  expansive 
power  of  heat  must  act.  The  amount  of  expan- 
sion of  some  liquids  in  passing  through  180° 
Fahr.  is  herewith  given.  Alcohol,  1-9 — Nitric 
Acid,  1-9— Fixed  Oils,  1-12— Sulphuric  Ether, 
1-14 — Oil  of  Turpentine,  1-14 — Sulphuric  Acid, 
1-17 — Water,  1-23 — Mercury,  1-55.  In  com- 
paring the  expansions  of  liquids,  it  has  been  well 
noted  b}-  Guy  Lussac,  that  Ave  must  take  them 
at  the  same  point  where  the  cohesive  forces  act 
similarly ;  since  these  so  modify  the  -visible  re- 
sults due  to  the  expansive  forces.  Taking  this 
principle,  we  find  such  tables  as  the  following. 
The  starting  point  in  each  case  is  the  boiling 
point  of  the  liquid,  for  Water,  212°;  for  Alco- 
hol, 173°;  for  Sulphuret  of  Carbon,  134°;  for 
Sulphuric  Ether,  9C°-3.  Taking  1,000  volumes 
of  each,  and  allowing  them  to  cool — 


Through 

Water 
Constant*. 

Alcohol. 

Sulphuret  of 
Carbon. 

Ether 

18° 

661 

11-43 

1201 

1617 

36 

13  15 

24  34 

23  80 

3183 

64 

1885 

84-74 

35-06 

46  4-2 

72 

2410 

45 -(i8 

45-77 

58-77 

90 

28 -.56 

56-02 

66":.S 

72-01 

103 

32-42 

iioOG 

ut;.2l 
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The  remarkable  coincidence  in  the  contractions 
of  alcohol  and  siilphurct  of  carbon,  here  given, 
ehows  a  similarity,  probably  an  identitj-,  of  mole- 
cular constitution.  The  forces  which  bind  two 
such  dissimilar  bodies  together  must  act  in  the 
same  wa}',  and  the  discovery  of  such  a  relation 
is  only  one  instance  of  the  value  of  the  principle. 
A  glance  at  this  table  will  show  the  reader  tiiat 
the  law  of  increase  of  dilatation  with  tempera- 
ture, already  noticed  in  solids,  holds  here  also. — 
It  must  be  remembered  in  comparing  such  ex- 
pansions and  contractions  with  those  given  for 
solids — that  in  the  latter  linear  dilatation,  here 
cubical  expansion  is  noted.  The  method  of 
reducing  the  one  to  the  other  has  been  sufB- 
ciently  mdicated.  —  The  fact  of  a  maximum 
density  in  many  liquids  was  first  noticed  in  water ; 
and  its  value  in  the  economy  of  nature  can  be 
best  seen  by  it.  If  ice  were  heavier  than  water, 
as  water  at  39°  is  heavier  than  water  at  40°,  ice 
would  be  found  only  at  the  bottom  of  our  streams, 
or  rather,  formed  in  its  passage  to  the  bottom, 
would  sink  to  it,  and  when  a  sufficient  degree  of 
cold  was  obtained,  the}'  would  freeze  up  from  the 
bottom,  making  the  whole  water  one  solid  mass. 
As  it  is,  ice  at  32°  is  lighter  than  water,  and 
water  at  lower  temperatures  below  39°  is  lighter 
than  water  at  higher  temperatures  still  below 
that  point,  and  therefore  in  the  process  of  freezing, 
the  water  which  is  sinking  in  temperature  frona 
39°  to  32°  keeps  at  the  top,  and  when  ice  is 
formed  it  is  on  the  top  and  remains  there.  Now 
ice  does  not  transmit  heat  very  well — not  nearly 
so  well  as  water,  and  the  warmth  of  the  water 
below  is  therefore  not  so  quickly  given  away  to 
the  cold  spaces  above  as  it  would  otherwise  be — 
(scarce  at  all  by  conduction  through  ice,  and  in 
neither  case  much  by  radiation),  or  if  the  ice 
were  at  the  bottom  and  the  warmer  water  was  in 
direct  contact  with  the  air.  The  complete  freez- 
ing of  our  rivers  and  many  of  our  seas,  probably 
uncompensated  by  corresponding  thaws  in  sum- 
mer, would  render  navigation  most  difficult  or 
altogether  impossible  except  in  the  seas  of  ,  the 
temperate  and  torrid  zones.  The  same  property 
is  quite  as  noticeable,  however,  in  other  bodies  as 
in  water.  In  fact  most  liquids,  in  passing  to  the 
sohd  state,  exemplify  it.  Thus  melted  metals 
poured  into  a  mould  would  give  no  impress  of  it 
if  they  contracted  constantly  as  they  cooled — or 
by  no  means  so  good  a  one  as  they  now  do. 
From  certain  points  of  temperature  they  are  ex- 
panded in  cooling,  and  their  expanding  mass 
presses  with  great  violence  against  the  sides  of 
the  mould.  The  theory,  which  alone  seems  to 
give  plaasible  explanation  of  the  phenomenon— 
and  which  is  still,  unfortunately,  a  mere  theory, 
is  this,  that  such  bodies  crystallize  before  we  see 
them  do  so.  Now,  bodies  crystallizing  take  up 
generally  more  space  than  before.  The  peculiar 
constitution  of  crystalline  bodies  does  not  admit 
of  great  economy  of  space.  Tlie  particles  assume 
a  definite  arrangement,  and  vacua  result  in  the 


spaces  which  thcv  prevent  each  other  from  fill- 
ing up.  Hence  it  is  natural  that  bodies  expand 
in  crystallizing,  even  though  the  cold  under 
which  they  do  so,  tends  to  make  them  contract. 
If  the  theory  be  true,  the  amounts  of  heat 
given  off  by  the  fluid  during  the  expansion  of 
cooling  ought  to  be  considerably  greater  than 
for  equal  diminutions  of  temperature  at  other 
points  of  the  scale — ,iust  as  in  the  actual  crystal- 
lization of  ice  there  are  142°  of  heat  given  out 
without  anj'  noticeable  lessening  of  the  tempera- 
ture. One  considerable  difficulty  in  the  way 
of  this  hj'pothesis  is  its  seeming  inadequacy  to 
explain  the  perfectly  analogous  phenomenon  of 
Rose's  fusible  metal.  The  liquid  and  the  solid 
have  maximum  densities  in  all  likelihood  for  the 
same  physical  reason,  and  it  does  not  seem  pos- 
sible to  suppose'  crystallization  in  the  process  of 
cooling  from  166°  to  111°,  while  it  does  not  take 
place  from  110°  to  32°,  nor  from  211°  to  156°. 
Until  some  physical  fact  more  than  the  mere  ex- 
pansion due  to  crj'staUizing  can  be  brought  for- 
ward, it  must  remain  a  hypothesis,  with  no  other 
value  than  as  indicating  a  direction  in  which  re- 
searches should  be  carried  on.  As  the  amount 
of  expansion  of  water  for  the  ordinary  range  will 
give  a  notion  of  the  lUce  expansion  in  other  bodies, 
and  is  besides  of  very  great  interest  in  itself,  we 
give  Despretz's  table  of  its  volumes  for  increase 
of  1°  at  each  successive  degree  : — 


Cent. 

rahr. 

Volumes. 

Cent. 

Fnhr. 

Volome*. 

9° 

15  8 

1-001G311 

34 

93-2 

100555 

8 

17-6 

1-0013734 

35 

95 

1-00593 

7 

19-4 

l'00n354 

36 

96-8 

1-00G24 

6 

21-2 

1-0009184 

37 

98ff 

1-00661 

5 

23 

1-000G987 

38 

100-4 

1-00699 

4 

24-8 

1-0005619 

39 

102-2 

1-00734 

3 

26-6 

1-00042-22 

40 

104 

1-00773 

2 

28-4 

1-0003077 

41 

105-8 

1-00812 

1 

30-2 

1-0002138 

42 

107-6 

1-00853 

0 

32 

1-0001269 

43 

109-4 

1-00894 

1 

33-8 

1-0000730 

44 

111-2 

1-00933 

2 

35-0 

1-0000331 

45 

113 

1-00985 

3 

37-4 

1-00011083 

46° 

1J4-8 

1-01020 

4 

39-2 

1-0000000 

47 

116-6 

1-01067 

5 

41 

1-00000.S2 

48 

118-4 

1-01]  09 

6 

42-8 

1  0000309 

49 

120-2 

1157 

7 

44-6 

1-0000708 

60 

122 

1205 

8 

4t;-4 

1-0001216 

61 

123-8 

1248 

9 

482 

1-0001879 

52 

125-6 

1297 

10 

50 

1-0002684 

63 

127  4 

1345 

11 

51-8 

1-0003598 

54 

129  2 

1395 

12 

63-6 

1-0004724 

55 

131 

1445 

J3 

55-4 

1-0005862 

56 

132-8 

1495 

14 

57-2 

1-0007146 

57 

134-6 

1547 

15 

69 

1-0008751 

68 

136-4 

1597 

16 

60'8 

1-0010215 

59 

138-2 

1647 

17 

62-6 

1-0012067 

60 

140 

1698 

18 

64-4 

1-00139 

61 

1418 

1752 

19 

66-2 

1-00158 

62 

143-5 

1809 

20 

080 

100179 

03 

145 -41 

18G2 

21 

69'8 

1'0I1200 

64 

147-2 

1913 

22 

71-6 

1-00222 

65 

149 

19G7 

23 

73-4 

1-002-14 

66 

150-8 

2025 

24 

75-2 

1-00271 

67 

152-6 

2085 

25 

77-0 

1-00293 

68 

154-4 

2144 

2G 

78-8 

1-00321 

69 

106-2 

2200 

27 

8n'6 

1-00345 

70 

158 

2255 

28 

82'4 

1-00374 

71 

159-8 

2315 

29 

84-2 

1-00403 

72 

161-6 

2375 

80 

80 

1-00433 

73 

163-4 

2440 

31 

87-8 

1-00163 

74 

lGO-2 

2499 

32 

Rn-r, 

1-00494 

75 

1G7-0 

2rm 

83 

914 

100525 

70 

IBS -8 
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Cert 

Tnhr. 

Volumes. 

Cent. 

Fnhr. 

Volumes. 

77 

170-G 

2G94 

89 

192-2 

3500 

7S 

172'4 

27G1 

90 

194 

3566 

79 

174-2 

i!823 

91 

195  8 

3fi39 

80 

176 

2885 

92 

197-G 

?710 

81 

177-8 

2954 

93 

198-4 

3782 

82 

179-6 

30-22 

94 

201-2 

3852 

83 

181-4 

3090 

95 

203 

3925 

84 

183-2 

3156 

96 

204-8 

3999 

85 

185 

3225 

97 

20'i-G 

1 04077 

8G 

18G-8 

3293 

98 

208-4 

1-04153 

87 

188-6 

3361 

99 

210-2 

1-04223 

88 

190-4 

3430 

100 

212 

1-04316 

The  maximum  of  density  in  water  is  therefore 
about  4°  centigrade,  or  39-2  Fahr.  degi-ees.  In 
sea  v/ater  it  is  25-39  Fahr.  In  alcohol  36-14. 
In  sulphuric  acid  of  different  strengths  it  ranges 
from  30-92  to  26-534,  and  so  on  for  other  liquids. 

 In  gases  the  laws  of  expansion  are  much  more 

simple.    This  is  precisely  what  we  should  expect. 
All  gases  are  in  the  same  condition  as  regards 
the  cohesive  forces; — the  cohesive  force  being 
simply  non-existent  in  them.    Hence  the  ex- 
pansive force  of  heat  does  not  act  against  a 
resistance  growing  weaker  and  weaker  every  mo- 
ment, but  not  against  any  resisting  force  at 
all.    We  should  expect  from  this  want  of  cohe- 
sion that  all  gases  expand  alike  for  given  increase 
of  heat ;  as  each  gas  does  expand  alike  for  equal 
increase  of  heat  to  itself  when  rising  from  different 
temperatures.    It  was  long  supposed  that  this 
■was  the  case ;  but  the  singularly  accurate  investi- 
gations of  Regnault  have  proved  the  incorrectness 
of  the  notion.    Thus  common  air  expands,  under 
certain  pressure,  from  1,000  volumes  to  1,366 
in  passing  from  32°  to  212°,  and  in  the  same 
passage  1,000  volumes  of  carbonic  acid  become 
1,371,  of  nitrous  oxide  1,372,  of  cyanogen  1,388, 
of  sulphurous  acid  1,390.    These  results  lead  us 
to  infer  that  the  usual  postulate  that  the  particles 
of  gases  do  not  at  all  act  upon  one  another  so  as 
to  resist  expansion,  is  somewhat  hasty ;  and  the 
subject  offers  an  admirable  field  for  further  inves- 
tigation and  for  enlarged  theoretical  views.  It 
is  worth  notice  that  those  gases  are  most  expan- 
sible which,  when  subjected  to  pressure,  liquefy 
most  readilj'.    Thus,  sulphurous  acid  liquefies 
under  a  pressure  of  two  atmospheres,  and  expands 
390  thousandths  of  its  bulk  in  passmg  up  from 
32°  to  212°.    Carbonic  acid  again  takes  36  at- 
mospheres to  liquefy  it,  and  accordingly  only 
expands  371  thousandths  of  its  bulk,  while  ordi- 
nary air,  quite  mcapable  of  liquefaction,  by  a 
pressure  at  all  events  of  800  atmospheres,  only 
expands  366  thousandths  of  its  bulk.    Tliis  re- 
markable agreement  in  nature  it  is  not  easy  to 
represent  in  theory.    It  should  follow  that  there 
is  certain  molecular  action  between  the  particles 
of  gases  besides  the  ordinarj-  repulsive  action 
ettributcd  to  them,  and  that  there  may  be  dif- 
ferent amount.s  of  dilatation  for  tlie  same  rise  of 
temperature  fi-om  different  points  on  the  thermo- 
metric  scale.     In  fact  wo  actually  find  such 
differences.    Thus  in  expanding  from— 33  to 
32°  Fahr.,  8,650  volumes  of  air  become  10,000, 
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and  there  is  for  every  rise  of  a  degree  an  expan- 
sion of  20-77  ten  thousandtlis.  From  32°  to 
212°,  the  10,000  parts  become  13,750,  being 
20-83  for  a  degree.  From  this  to  300°  they  be- 
come 15,576,  being  20-70.  From  this  to  387° 
we  get  17,389,  or  20-82  per  degree.  From  this 
to  473°,  19,189,  or  20-84.  From  this  to  559° 
20,976,  or  20-83,  and  from  this  to  660°  they  be- 
come 23,125,  or  20-9  for  a  degree.  These  results, 
though  not  quite  accurate,  as  later  experiments 
by  Paxdberg,  Magnus,  and  Eegnault  have  shown, 
sufficiently  indicate  the  result.  These  latter, 
which  are  very  accurately  made  and  may  be  fully 


relied  on,  give  2*033  thousandths  or        as  the 

cubical  expansion  of  air  for  each  rise  of  a  degree 
between  32°  and  212°.  For  each  rise  elsewhere 
also ;  for  the  differences,  as  the  above  list  shows 
us,  tare  very  small  and  almost  inconsiderable. 
In  consequence  of  this,  the  volume  of  a  gas  ob- 
tained by  measurement  at  a  given  temperature 
must  either  be  stated  along  -with  the  temperature 
(e.g.  20ft.  hydrogen  gas  at  60°),  or  must  be  cor- 
rected for  variations  of  its  heat,  and  reduced  to 
the  volume  which  would  be  occupied  at  a  given 
temperature.  Taking  atmospheric  air  as  an  ex- 
ample, a  volume,  say  100  cubic  inches  of  air  at 
132°,  must  be  reduced  to  so  many  at  32°,  when 
we  wish  to  compare  its  volume  with  a  series  of 

such  volumes  In  connection  with  this  subject,  it 

may  be  proper  to  notice  here  that  the  steam  engine 
was  originally  driven  by  steam  of  not  very  high 
pressure,  which  was  kept  pouring  into  the  piston 
diu-ing  the  whole  stroke.    It  was  foimd  econo- 
mical to  use  high  pressiu-e  steam  instead  of  low 
pressure  steam,  prepared  as  in  Papin's  digester. 
See  Digester.    This,  however,  could  not  be  let 
in  during  the  whole  stroke,  for  it  would  send 
the  piston  alternately  against  the  top  and  bottom 
of  the  cylinder  with  a  violence  that  -woxild  cause 
great  inconvenience  in  any  building  in  which  the 
engine  might  be  placed.    Besides,  there  would 
be  an  enormous  proportion  of  the  work  of  the 
engine  used  in  merely  producing  this  mischievous 
effect.    It  was  e-vident,  therefore,  that  (even  with 
low  pressure  engines)  this  must  somehow  be 
stopped.   This  knocking  of  the  piston  on  the  ends 
of  the  cylinder  did  much  harm  to  the  machine, 
and  cost  a  large  part  of  the  fuel.    The  idea  was 
suggested  to  Watt,  that  in  order  to  prevent  it  it 
might  be  possible  to  admit  the  steam  for  only 
half  the  stroke.     This  would  give  a  certain 
amount  of  velocity  to  the  piston  rod,  and  when 
tlie  steam  was  cut  off  that  velocity  would  con- 
tinue diminisliiiig  if  all  force  upon  the  rod  were 
immediately  to  cease.    But  in  the  ordinary-  en- 
gine the  piston  is  pushed  towards  vacuum,  or 
rather  against  a  resistance  something  like  4  or 
5  lbs.  per  square  inch.    Now  the  steam  ad- 
mitted into  the  cylinder  in  an  engine  may  be, 
suppose  of  20  lbs.  pres-sure  per  square  inch.  Let 
it  be  cut  off  after  one-fomtli  of  the  stroke  of  tlie 
piston  is  accomplished.    Then  by  Marriotte's  law. 
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iiit  goes  on  throiifrli  the  rest  of  the  stroke  con- 
-  stantly  diminishing  in  elastic  force.    At  one-half 

■  of  the  stroke  it  has  come  to  have  a  pressure  of 
oonly  10  lbs.  per  square  inch — half  of  what  it 
iiwas  left  with.  In  coming  up  to  the  end  of  the 
i-next  quarter  it  lowers  its  pressure  to  6^  feet,  and 
J  at  the  top  it  has  a  j)ressure  of  5  feet.  In  the  first 
;  quarter  of  motion  then,  the  piston  has  moved,  be- 
ccause  of  the  excess  of  the  one  pressure  20  lbs. 

'  over  the  other,  5  lbs.  per  square  inch,  and  there- 
:'  fore  has  moved  with  an  effective  pressvu-e  of  15  lbs. 
I  per  square  inch  through  it.  This  gives  it  a  very 
ci considerable  velocity,  which  it  is  its  tendency 
::to  keep  and  the  tendency  of  the  friction  and 
other  causes  to  destroy.  During  the  next  quar- 
ttter  it  moves  with  an  excess  of  pressure  diminish- 
i  ing  from  15  to  5  lbs.,  but  always  acting  in  the 
■isame  direction.  As  the  piston  tends  of  itself, 
^without  any  pressure,  to  keep  its  old  velocity, 
tlthis  constant  pressure  will  probably  be  sufficient 
;  to  increase  the  velocity,  though  the  steam  has 
bbeen  cut  off,  and  the  body  tends  again  to  go  on 
Twith  this  velocity.  During  the  next  quarter  the 
e;excess,  still  in  the  same  direction,  goes  down  from 
5  5  to  1^  lbs.  per  square  inch,  and  this  is  perhaps 
'Sufficient  in  ordinary  engines  to  prevent  the  fric- 
tition  from  diminishing  the  velocity  with  which 
lithe  piston  started  in  this  quarter,  and  in  the  next 
^quarter  it  will  go  down  from  1|  lbs.  to  zero,  and 
bbe  perhaps  capable  of  preventing  any  very  rapid 
■Mecrease  of  velocity,  certamly  letting  the  body  be 
acarried  up  fully  to  the  end.  Here,  therefore, 
I'lonly  one-fourth  of  the  steam  has  been  used  and 
trthe  same  motion  produced.  The  same  velocity 
Hndeed  has  not,  but  if  the  steam  which  enters 
.came  with  a  pressure  of  30  instead  of  20  lbs., 
:ithere  would  be  quite  as  much  of  this  velocity  ob- 
•Jtained,  while  the  employment  of  steam  of  that 
r:pressure,  deskable  on  account  of  its  economy,  is 
B'not  possible  with  the  old  methods.  Such  is  the 
piprinciple  of  expansion,  without  which  the  modern 
■tsteam  engine  would  be  a  clumsy  and  inconve- 
ninient  contrivance,  and  to  which  chiefly  are  due 
ilall  that  perfect  quietness  of  movement"  which  is 
■■  80  wonderful  to  those  who  see  for  the  first  time 
'■the  engines  of  a  first-rate  steamer  at  work.  An 

■  iidea  of  the  value  of  this  contrivance  in  point  of 
^economy  may  be  conceived  from  this  table : — 


If  the  steam  be  stopped  at 
the  piston  stroke 


The  performance  is 
multiplied  by 

One-half  17 

One-tliird  ."2-i 

One-fourth   "2-4 

One-fifth  ]2-6 

One-3ixth  .'....'2'8 

One-seventh  '.'.'.*.'.'.'.  3 

One-cightli  !3*2 

Methods  of  calculating  the  value  of  this  economy 
more  accurately  depend  upon  the  higher  mathe- 
matics ;  but  the  above  table  will  give  the  reader  a 
notion  how  much  can  be  thus  done.  The  simplest 
general  rule  we  can  give  is,  tliat  the  proportions  of 
work  done  by  the  same  fuel  are  expressed  as  equal 
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to  1  -|-Neperian  log  (l-{-4),  taking  for  example 
the  case  of  steam  cut  off  at  one-fourth  of  the 
stroke ;  and  always  taking,  mstead  of  4,  the  reci- 
procal of  the  fraction  of  the  stroke  through  which 
the  steam  is  freely  admitted.  The  importance  of 
the  utmost  economy  of  fuel  for  mercantile  pur- 
poses, and  especially  for  the  purposes  of  steam 
navigation,  has  been  already  dwelt  upon  at  length 
in  the  article  Air  Engine  (q.v.)  See  further 
Elasticity;  and  Heat,  sections  10,  14,  16, 
and  18. 

Exponent.  The  number  indicating  the  de- 
gree of  power  or  a  root.  Thus  in  a;  3,  3  is  the 
exponent  of  the  given  power  of  x,  and  4  is 
the  exponent  of  the  given  root.  Descartes  ori- 
ginated the  use  of  exponents.  Before  his  time 
the  quantitj'  a'  would  have  been  written  a  a  a. 

Exponential.  Quantities  representing  powers 
whose  exponents  are  variable.  Thus  is  called 
an  exponential.  Quantities  in  the  expression 
of  which  such  a  simple  quantity  is  contained  are 
also  so  called. 

Eye.  The  apparatus  by  which  the  sensation 
of  vision  in  the  animal  body  is  attained  has  at 
all  times  been  regarded  with  interest  by  the  scien- 
tific observer  from  the  time  of  Aristotle  down 
to  our  own  day ;  and  even  now,  when  optical 
and  physiological  research  has  advanced  so  far, 
it  cannot  yet  be  said  that  the  subject  of  this 
article  is  fully  understood.  In  the  lowest  or 
most  simply  constructed  animals  the  organ  of 
sight  seems  to  be  confined  to  a  mere  eye  spot,  as 
it  is  called,  or  a  slight  expansion  of  a  nerve  on 
which  the  rays  of  light  impinge,  and  as  we  may 
suppose,  communicate  vague  sensations  of  vision. 
Throughout  the  animal  series  many  instructive 
and  remarkable  variations  in  the  structure  of  the 
visual  apparatus  are  observed,  but  in  all,  the  es- 
sential parts  seem  to  be  a  sensitive  nervous  ex- 
pansion on  which  the  light  is  to  be  received,  a 
protecting  cavity  to  keep  out  the  general  glare 
of  rays  from  other  objects  than  those  to  which 
the  vision  is  directed,  and  an  arrangement  more 
or  less  complete  for  the  formation  of  an  image 
on  the  sensitive  nervous  surface.  In  what  fol- 
lows, attention  will  be  directed  to  the  hmnan  eye 
as  being  the  most  perfect,  and  the  type  of  all 
the  others.  Only  so 
much '  of  the  ana- 
tomy and  nomen- 
clature will  be  given 
as  is  necessary  for 
reference  in  what 
follows.  The  eye-  s 
ball  is  about  nine-  k-' 
tenths  of  an  inch  in 
diameter  from  before 
backwards.  It  is 
nearly  spherical,  ex- 
cept at  the  front  part,  where  there  is  a  slight  pro- 
jection of  the  transparent  part  or  coimea,  a  tough 
membrane  about  of  an  inch  thick  throughout. 
The  cornea  c  is  litted  at  its  borders  into  the  front 
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opening  in  the  sclerotic  s,  a  tough  and  strong 
0])aque  coat  which,  under  the  common  designation 
of  the  white  of  the  eye,  gives  form  to  the  ball  and 
protection  to  the  sol't  parts  within,  whilst  at  the 
same  time  it  perfectly  excludes  all  light  except 
what  enters  by  the  cornea. — Lining  the  sclerotic  in- 
teriorly is  the  choroid  k,  a  thin  membrane  covered 
by  the  black  substance  or  pigmentum  nigrum, 
which,  b}"^  absorbing  tlie  raj'S  of  light,  causes  the 
pupil  of  the  eye  to  look  black,  and  which  answers 
the  same  purpose  as  the  black  lining  of  the 
camera  obscura,  viz ,  tlie  prevention  of  uiternal 
reflection  and  the  consequent  confusion  of  rays 
which  would  ensue.     Within  the  clioroid,  and 
also  forming  a  concentric  coat,  is  spread  the  deli- 
cate and  nearly  transparent  membrane,  the  retina 
K.    The  retina  is  in  direct  communication  with 
the  chord  coming  from  the  brain  called  the  optic 
nerve  o.    The  optic  nerve  does  not  enter  at  ex- 
actly the  back  part  of  the  eye,  but  at  a  point 
nearly  |-th  of  an  inch  nearer  the  nose.    At  the 
extremity  of  the  line  running  directly  from  the 
middle  point  of  the  cornea  through  the  centre  of 
the  eye-ball,  which  is  called  the  axis  of  the  eye, 
there  is  a  small  perfectly  transparent  spot  with  a 
yellowish  margin  named  the  forarrien  cerdrale  F. 
It  has  been  thought  by  many  to  be  altogether 
destitute  of  the  nervous  substance  of  the  retina, 
and  hence  called  a  foramen  or  hole,  and  yet  it 
would  appear  to  be  the  seat  of  the  most  distinct 
vision,  as  will  afterwards  be  referred  to.    It  is, 
however,  not  a  hole.    The  interior  of  the  eye  is 
divided  into  the  anterior  and  posterior  chamber 
by  means  of  the  moveable  curtain  called  the  Ms 
I.    The  Iris  is  the  coloured  part  seen  on  looking 
through  the  cornea ;  it  is  pierced  by  the  opening 
of  the  pupil  and  is  formed  of  circular  and  radiat- 
ing muscular  tibres  which  give  it  the  admirable 
property  of  contracting  and  expanding  that  ap- 
erture so  as  to  modify  the  amount  of  light  ad- 
mitted to  the  Ulterior. — In  front  of  and  behind 
the  Iris  is  the  aqueous  humour,  in  which  it  moves 
and  which  serves  to  distend  the  cornea.  Almost 
immediately  behind  the  Iris  the  remarkable  struc- 
ture called  the  crystalline  body  or  lens  l  of  the  e3'e 
is  situated.    It  is  a  dense  and  transparent  mem- 
branous substance  in  the  form  of  a  double  convex 
lens,  the  front  .'surtiace  being  less  curved  than  the 
other.    Th',  iens  is  attached  by  its  outer  border 
to  the  ciliary  processes  p  or  folds  forming  the 
front  edge  of  the  choroid,  or  at  least  intimately 
connected  with  it.— The  vitreous  humour  is  of  a 
jelly-like  consistency,  and  serves  as  a  support  for 
the  coatings  of  the  eye— it  A'^s  the  whole  cavity 
of  the  ball  behind  the  lens  and  has  the  retina 
expanded  on  its  surface — From  this  brief  descrip- 
tion it  is  evident  that  the  eye  consists  essentially 
of  a  spherical  chamber  lined  with  a  dark  curtain 
and  having  an  opening  in  front  to  admit  a  limited 
quantity  of  liglit  which,  in  passing  back  towards 
the  sensitive  screen  or  retina,  traverses  the  diflFer 
ent  transparent  humours  with  which  the  interior 
ia  iilled.    'Were  there  no  special  adaptation  of  the 
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interior  humours  we  can  easily  perceive  that  the 
rays  of  light  proceeding  from  the  point  a  of  an 
external  object  would,  in  passing  through  the 
pupil  and  falling  on  the  retina  at  the  back  of  the 
ball,  be  diffused 
over  a  space  a  a' 
and  constitute  a 
confused   spot  of 


light, 


So  also  with 
rays  proceed- 


the 

ing  from  another 
point  B,  and  like- 
wise from  all  the  rig.  2. 
other  points  of  the 

object,  and  thus  the  impression  made  by  light  from 
one  point  would  be  interi'ered  with  by  those  from 
another,  so  that  no  distinct  indication  of  form  could 
result.  This  could  be  prevented  in  two  w^ays, 
either  by  limiting  the  size  of  the  opening  in  the 
front  of  the  eye  to  a  mere  point,  or  by  interposing 
a  lens  or  other  apparatus  in  the  course  of  the  rays 
whereby  they  might  be  arranged,  the  whole  cone 
from  each  point  which  entered  the  pujul  being 
again  collected  into  a  single  point  on  the  retina, 
whereby  no  point  would  interfere  with  Another. 
The  first  mode,  viz.,  that  of  restricting  t)  open- 
ing of  the  pupil  to  a  mere  point,  is  represented  in 
the  figure,  where  only  an  extremely  attenuated 
pencil  of  light  be- 
ing admitted  from 
each  point  it  cannot 
spread  itself  over  and 
interfere  with  those 
from  the  neighbour- 
ing points.  It  is 
evident,  however, 
that  a  very  faint  Fig.  3. 

image  would  result 

from  this  restriction  of  the  light,  so  the  other  me- 
thod has  been  adopted,  viz.,  that  of  interposing 
in  the  course  of  the  rays  behind  the  pupil  a  lens 
of  such  power  as  to  refract  all  the  rays  which 
strike  itfmm  each  point  to  meet  in  another  point 
on  the  back  of  the  eye,  as  represented  in  fig.  4. 
In  this  way  each 


Fig.  4. 


point  has  its  cor- 
responding point 
depicted  on  the  re- 
tina, so  as  to  con- 
stitute an  image  as 
it  is  called. — That 
such  an  image  is 
really  formed  can 
be  seen  by  taldng 

the  eye  of  an  ox  or  sheep  and  with  a  sharp  knife 
cutting  cautiouslj'  away  the  sclerotic  coat  at  the 
back  part  till  it  becomes  sufliciently  translucent 
to  allow  of  the  obsei-vation,  when,  if  the  pupil  be 
directed  to  a  window  or  other  luminous  object  a 
distinct  and  well  defined  picture  may  be  obser\  ed 
depicted  on  its  interior.  In  this  way  the  eye  is 
seen  to  bear  a  close  analog}'  to  a  camera  ohscwa, 
and  most  of  its  peculiarities  may  be  illustrated 
3U 
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i  by  means  of  that  instrument.  The  use  of  tlie 
i  lens  may  also  be  made  matter  of  demonstration 
i  in  this  experiment,  for  if  a  needle  be  talcen  and 
;  pushed  through  the  side  of  the  sclerotic  coat  a 
i  little  behind  its  junction  Avith  the  cornea  it  may 
;  be  made  to  depress  the  lens  so  as  to  remove  it 
f  from  the  course  of  the  rays.  The  image  of  the 
;  distant  window  will  then  be  seen  to  disappear  on 
;  the  back  of  the  eye,  and  a  confused  glare  of  light 
:  to  take  its  place,  just  as  in  the  case  of  the  camera 
I  obscura  when  its  lens  is  taken  away.  There  is 
!  no  doubt  that  in  the  ej'e,  as  in  the  camera,  the 
t  fimction  of  the  lens  is  to  arrange  the  rays  of  light 
i  into  a  distinct  image,  by  concentrating  the  whole 
;  pencil  which  enters  the  pupil  from  each  external 
i  point  into  another  point  similar  and  similarly 
r  situated  in  the  back  part  of  the  darkened  cham- 
1  ber.  Thus  far  all  Anatomists,.  Physiologists, 
i  and  Opticians  are  agreed.  The  pupil  admits  and 
:  regulates  the  quantity  of  light ;  the  lens  arranges 
;  it  into  an  image,  and  the  concave  surface  at  the 
'  back  of  the  ball  receives  that  image,  but  in  what 
:  manner  that  image  becomes  converted  into  a 
:  mental  perception  has  not  been  so  clearly  made 

>  out.  Perhaps  an  unnecessary  degree  of  m3'stery 
1  has  been  introduced  into  the  question  by  the  mode 

>  of  statiii ;  it.  We  are  asked  how  it  is  that  the 
i  image  "n  the  eye  can  be  transferred  as  a  corre- 
^  spending  and  exactly  similarly  aiTanged  inipres- 
<  sion  to  the  brain,  yet  the  channel  of  communication 
1  to  be  merely  the  pulpy  cord  of  the  optic  nerve, 
i  In  answer  to  this  it  might  be  stated  that  there  is 
'  not  more  difficulty  in  perceiving  the  mode  of 
:  action  of  the  sense  of  vision  than  of  the  sense  of 
■.  touch  or  of  any  other  sense,  if  we  merely  grant 
!  that  the  rays  of  light  have  the  property  of  excit- 

■  ing  the  sensation  of  light.    For  though  it  is  true 
that  if  any  nerve,  such  for  instance  as  that  of  one 

■  of  the  fingers,  be  severed  from  communication 
'  with  the  brain  all  sensation  in  that  nerve  will 
0  cease,  yet  it  is  still  equally  true  that  the  sensation 
:  in  the  ordinary  state  of  the  nerve  occurs  in  it, 

that  is,  the  finger,  and  not  at  a  distance  in  the 
brain,  as  the  ordinary  language  of  physiologists 
:  might  at  first  sight  inculcate.  If,  then,  in  the 
-  sense  of  vision,  the  perception  occurs  in  the  eye 
n  itself  on  the  expanded  portion  or  surface  of  brain 
called  the  retina,  then  tliere  is  no  difficulty  in 
perceiving  how  a  sensation  similarly  arranged  in 
its  parts  to  the  external  series  of  objects  emitting 
the  rays  should  be  produced,  as  each  point  acts 
for  itself  and  is  impressed  only  by  the  point  cor- 
responding to  it  exteriorly.  No  doubt  it  may  be 
objected  to  this  assertion"of  the  percipient  faculty 
being  in  the  eye  itself  and  not  in  the  brain—that 
if  the  optic  nerve  be  severed  vision  is  gone ;  but 
this  13  no  answer,  as  then  the  normal  arrange- 
ments of  the  parts  are  destroyed— vision  may 
Btill  be  produced  and  yet  the  conscious  perception 
of  It  by  the  other  parts  of  the  organization  be 
wantmg.  Tlie  optic  nerve  may  merelv  serve  for 
producmg  the  unity  of  action  between  the  eye  and 
the  other  parts  of  the  system  in  the  same  way  as 

3 


EYE 

(ho  uniting  filaments  which  pass  between  tho 
(lifl'erent  ganglions  act,  as  is  well  seen  in  the  ar- 
ticulated animals,  such  as  centipedes,  where,  if 
several  joints  be  severed  from  the  posterior  part 
of  the  body  they  will  still  continue  to  move, 
though  the  head  and  other  parts  of  the  animal 
will  be  entirely  unconscious  of  tlie  continuance  of 
that  action.  It  would  seem,  then,  that  there  is 
not  more  difficulty  in  conceiving  the  mental  per- 
ception of  the  image  in  the  back  jiart  of  the  eye- 
ball than  in  understanding  the  action  of  any  other 
sensation,  and  that  the  question  has  perhaps  been 
rendered  unnecessarily  complicated  by  reference 
to  the  conveyance  of  sensations  along  fibres  to 
distant  points,  there  to  make  their  mental  impres- 
sion with  relative  arrangement  and  position  of  all 
its  multitudinous  parts  as  in  the  external  scene 
which  has  emitted  the  luminous  radiations.  It 
is  undoubtedly  possible  that  by  the  analog}'  of 
the  telegraphic  wires  we  may  conceive  an  ar- 
rangement by  which  from  each  point  of  the  retina 
there  should  arise  a  distinct  fibre  which  should 
proceed  along  the  optic  nerve  to  a  corresponding 
point  in  the  brain  where  it  should  transmit  its 
impression,  and  that  every  point  of  the  surface  of 
the  retina  should  in  the  same  way  have  its  own 
fibre  originating  there  and  passing  behind  the 
other  points  to  the  optic  nerve  and  along  it  to  the 
brain,  where  there  would  thus  be  a  series  of  as 
many  points  as  in  the  retina  similarly  placed, 
and  that  the  impressions  there  produced  should 
be  read  off  by  the  mind.  But  it  is  evident  that 
it  would  have  been  as  easy  at  first  to  suppose 
that  this  reading  off  power  was  in  the  eye  itself, 
and  that  it  required  no  such  transmission  of  im- 
pressions. It  is  futile  to  object  that  if  the  eye 
be  severed  from  the  brain  its  power  is  gone,  and 
yet  that  none  of  the  mind  is  gone,  and  thus  that 
the  mind  could  not  have  been  in  the  eye,  as  this 
is  a  mere  untruth ;  the  power  of  vision  is  gone  and 
this  is  part  of  the  mind. — Passing,  however,  from 
such  discussions,  which  savour  too  much  of  mere 
speculation,  it  must  be  stated  that  Physiologists 
are  divided  in  opinion  as  to  whether  the  retina 
or  the  choroid  is  the  seat  of  the  perception  of 
light.  No  doubt  both  are  supplied  with  nerves, 
so,  without  any  violation  of  tlie  analogies  of  the 
other  senses,  either  may  be  the  seat  of  sensation, 
and  probably  both  are  to  some  extent.  The 
cause  of  doubt  as  to  the  retina  being  the  seat  of 
vision  was  Marriotte's  discovery  of  the  fact  that 
the  part  of  the  retina  where  the  optic  nerve  itself 
enters  the  eye  is  insensible  to  distinct  vision.  The 
mode  of  proving  this  is  related  in  all  works  on 
optics.  But  certainly  the  mere  fact  that  the  bulb 
or  termination  of  the  optic  nerve  where  it  diverges 
into  the  retina  is  incapable  of  giving  a  distinct 
image  is  very  far  from  proving  that  tho  retina  is 
not  the  seat  of  distinct  vision,  as  at  this  point  the 
retina  is  differentl}'  arranged  from  what  occurs  in 
other  situations,  the  fibres  from  all  points  are 
here  collected  and  pass  directly  back  to  tho  optic 
nerve,  so  they  may  easily  bo  sujiposed  to  be  in  a 
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state  less  fit  for  receiving  a  distinct  image.  It 
apixiars  then  rather  from  the  fact  that  light  is 
perceived  by  the  termination  of  the  optic  nerve, 
though  no  distinct  impression  is  produced,  that 
the  optic  ner\'e  and  its  continuation,  the  retina, 
are  the  seat  of  vision.    Another  fact  has  lately 
been  brought  forward  in  favour  of  the  choroid  as 
being  the  seat  of  vision,  that  in  the  cuttle-fish  an 
opaque  membrane  is  interposed  in  front  of  the 
retina  so  that  the  impression  can  only  be  con- 
veyed to  the  latter  by  the  impressions  of  this 
membrane ;  but  even  if  this  observation  on  the 
eye  of  the  cuttle-fish  were  thoroughly  confirmed, 
of  course  it  is  also  an  argument  against  the 
choixjid  being  the  seat  of  vision,  as  the  membrane 
is  likewise  in  front  of  it.    Again,  it  has  been  said 
by  Sir  David  Brewster,  that  in  the  eyes  of  young 
persons  the  choroid  reflects  a  pinkish  light  which 
can  be  seen  after  it  has  emerged  from  the  pupil, 
and  that  as  this  light  must  have  passed  through 
the  retina  it  ought  to  have  excited  a  sensation  of 
the  same  colour  in  it  if  the  retina  were  the  seat 
of  vision.    In  answer  to  this,  it  ought  to  be  borne 
in  mind  that  the  first  impression  of  the  rays  as 
they  pass  back  through  the  retina  will  be  so  much 
more  powerful  than  the  effect  of  the  comparatively 
feeble  portion  reflected  iTom  the  choroid,  as  to,  in 
a  great  degree,-  overpower  it,  and  also  that,  as 
everything  seen  by  tlie  eyes  of  tliose  persons  from 
whom  this  red  light  is  emitted  must  be  tinged 
with  the  same  tint,  and  as  tlie  degree  of  colour 
must  be  feeble,  it  will  not  be  in  general  percep- 
tible as  there  will  be  no  objects  of  the  ordinary 
hue  to  act  as  grounds  of  comparison.  Again, 
another  argument  against  the  fitness  of  the  retina 
to  act  as  the  direct  recipient  of  luminous  impres- 
sions is  its  transparency,  the  idea  being  that  the 
rays  of  light  not  expending  themselves  in  its 
substance  but  passing  through  it  to  the  choroid 
cannot  produce  the  efiect  of  sensation ;  but  this 
argument  seems  to  be  founded  upon  a  narrow 
view  of  the  nature  and  propagation  of  light.  It 
is  known  from  the  recent  progress  of  science  that 
the  medium  which  transmits  light  must  be  itself 
capable  of  vibration,  and  indeed  that  the  trans 
mission  of  light  is  and  constitutes  a  vibration  of 
the  particles  of  the  medium.    Why  then  should 
not  the  retina  be  so  endowed  that,  as  its  particles 
are  thrown  into  vibration  by  the  passage  of  the 
lummous  undulation,  this  of  itself  should  give 
rise  to  the  sensation  of  vision,  without  the  neces 
sity  of  the  stifling  of  the  rays  as  in  the  opaque 
substance  of  the  choroid  where  indeed  the  motion 
which  constituted  this  luminous  ray  is  converted 
into  heat  and  is  not  fitted  to  convey  any  other 
impression  ?    According  to  these  views  no  argu- 
ment has  hitherto  been  brought  forward  which 
should  induce  a  doubt  as  to  the  retina  being  the 
true  seat  of  vision. 

It  is  well  known  to  those  familiar  with  op 


tical  instruments  that  the  image  formed  by  a 


lens  becomes 
it  is  called, 


more  and  more  indistinct,  or  as 
less  defined,  as  a  greater  and 


Fig.  5. 


EYE 

greater  portion  of  the  lens  is  used,  that  is, 
with  a  given  focal  distance,  as  it  is  made  larger 
and  larger.  This  arises  from  what  is  called 
spherical  abeiTation,  the  nature  of  which  may  be 
understood  as  follows.  Let  o  represent  one  of 
the  points  of  an  object  of 
which  an  image  is  to  be 
formed  by  a  lens,  then  in 
order  that  the  image  may 
be  well  defined  it  is  re- 
quisite that  the  whole  rays 
emerging  fi-om  o  and  fall- 
ing on  tlie  exposed  sm- 
face  of  the  lens  should  be  collected  into  another 
point  such  as  f  ;  but  it  is  found  both  by  calcula- 
tion and  experiment  that  with  lenses  of  ordinary 
construction  the  portions  toward  the  edge  refiract 
the  rays  too  much  so  as  to  bend  them  to  meet 
the  central  rays  at  points  too  near  the  lens,  as  at 
f,  so  that  instead  of  having  them  collected  at  f 
they  proceed  to  a  position  l  on  the  screen  and 
confuse  the  image  of  neighbouring  points.  This 
defect  can  be  prevented  in  three  ways — 1st,  by 
using  other  curves  than  portions  of  spheres  as  the 
smfaces  of  the  lens,  but  this  is  difficidt  of  attain- 
ment ;  2d,  giving  the  lens  a  less,  density  as  it 
approaches  the  edges,  so  that  its  refracting  power 
will  onlj'  serve  to  bring  the  whole  cone  of  rays 
to  a  point  at  f;  or  3d,  using  only  a  very  small 
part  of  the  lens  by  the  interposition  of  a  dia- 
phragm before  or  behind,  so  as  to  exclude  such 
rays  as  are  not  brought  sufliciently  near  to  the 
focus  of  the  central  pencils,  which  is  the  method 
used  in  optical  instruments  on  account  of  its  sim- 
plicity, but  it  has  the  disadvantage  of  causuig  a 
dimness  of  the  image  by  reason  of  the  small 
amount  of  light  allowed  to  go  toward  its  forma- 
tion. In  the  eye  the  second  mode,  viz.,  that  of 
giving  the  lens  a  less  density  towards  its  edges, 
is  the  one  chosen  in  nature,  and  it  cannot  be 
denied  that  in  practice  it  is  successful ;  the  vary- 
ing density  of  the  lens  from  the  centre  to  the 
circumference  may  be  at  once  observed  by  press- 
ing the  lens  of  the  eye  of  one  of  the  lower  animals, 
such,  for  instance,  as  the  sheep.  There  is  another 
cause  of  indistinctness  in  the  image  formed  by  an 
ordinai-y  lens  to  which  it  is  necessary  here  to 
advert,  it  is  that  knoim  by  the  name  of  chroma- 
tic aberration  or  dispersion.  It  depends  on  the 
fact  that  a  ray  of  light  when  refracted  by  a  lens 
is  spread  out  into  a  coloured  band  instead  of  giv- 
ing the  image  of  a  point  as  it  ought  to  do.  This 
may  be  illustrated  by  the  accompanying  figimj. 
At  o  is  seen  a 
ra}'  0 1,  emerging 
from  the  object 
at  o,  and  pass- 
ing through  the 
lens  undivided,  as 
where  there  is  no 
refraction  there  is 


s 

I 
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Fig.  G. 


no  dispei-sion ;  but  another  ray,  as  o  s,  on  entering 
and  leaving  the  lens  is  refracted  or  bent  from  its 
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course  not  in  one  line,  not  as  a  single  ray  as  it 
ought  to  be,  to  give  a  well-defined  image  by  its 
junction  with  o  i  at  the  focus;  but  as  a  multitude 
of  coloured  rays,  three  of  whicli,  the  red,  yellow, 
and  blue,  are  represented  as  meeting  o  i  at  differ- 
ent points  and  crossing  it  so  that  if  a  screen  be 
held  at  i  the  focus,  instead  of  a  point  a  spot  of 
coloured  light,  would  be  seen.    This,  as  may  be 
supposed,  would  encroach  on  the  position  occupied 
by  the  miages  of  other  points  and  produce  confu- 
:  sion.    It  may  easily  be  imagined  that  in  general 
:  in  the  central  parts  of  such  an  image  the  mixture 
1  of  different  colours  from  neighbouring  points  would 
;  be  so  great  as  to  prevent  any  one  from  being  seen; 

hence  it  is  only  at  the  edges  of  the  image  that 
:  such  coloured  fringes  are  observed — gi^nng  rise 
I  to  the  common  mistake  that  it  is  only  in  the  out- 
I  Ime  or  border  limit  that  the  figures  of  bodies  seen 
!  by  chromatic  aberration  are  distorted,  which  is 
;  far  from  being  true,  as  is  abundantly  evident. 

There  are  two  waj's  of  remedying  such  a  fault  in 
;  the  image  formed  by  a  lens— 1st,  the  employment 
of  only  the  central  parts  of  the  lens  where  there 
i  is  little  refraction,  by  the  iise  of  a  stop  or  dia- 
phragm, as  then  there  is  little  refraction  and  of 
course  little  dispersion  ;  or  2d,  the  emploj-ment 
of  a  combination  of  concave  and  convex  glasses 
of  different  refractive  and  dispersive  powers,  so 
that  the  one  glass  may  reverse  or  undo  the 
dispersion  of  the  other  'wthout  altogether  neu- 
tralizing its  refraction,  so  as  to  leave  still  the 

■  converging  power  to  form  an  image.  Practically 
this  is  now  to  a  great  extent  accomplished  in  the 

:  finest  optical  instruments,  such  as  telescopes,  ca- 

:  meras,  &c.,  which,  as  has  been  said  in  their  prin- 
ciples of  action,  are  nearly  identical  with  the 

■■  organ  of  vision.  Much  has  been  written  on  the 
mode  by  which  the  eye  is  rendered  achromatic 

'  by  means  of  the  mutual  adaptation  of  its  different 

■  humours.  It  would  seem,  however,  that  all  such 
inqmnes  are  rendered  useless  by  the  observation 
that  the  eye  is  not  achromatic.  It  "has  been 
supposed  that  this  is  demonstrated  by  looking 

i  through  a  fine  slit  at  the  light  of  the  sky,  when, 
:  If  the  eye  were  achromatic,  the  light  ought  to 
appear  colourless,  instead  of  which  a  fringe  of  red 
and  yellow  are  seen  on  one  side  and  of  blue  on 
t  le  other.    It  may  be  remarked,  however,  that 
this  13  not  seen  if  the  sight  is  so  arranged  that 
:  tbe  edges  of  the  slit  are  seen  distinctly,  or  if  the 
•  eye  is  focussed  for  its  precise  distance,  to  use  an 
optical  phrase.    Whence  it  would  seem  that  the 
eye  IS  so  constituted  that  when  the  place  of  the 
d.s  .nct  image  falls  exactly  on  the  retina  that 
mage  .s  achromatic,  but  in  other  circumstances 
no  ^^l^Pt  the  opinion  that 

heSr'"'  construction  of 

hatTil  P'^«^*^°''"g  chromatic  dispersion,  say 
bl  lZ-  the  confusion  resulting 

irom  It  bemg  imperceptible 

the^nu'nif  i!!.^'-''  through 
lormed  m  the  back  of  the  dissected  eve,  ail 
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observers  have  been  struck  with  the  fact  that 
the  image  is  inverted,  that  is,  that  the  upper 
part  of  tlie  actual  object  occupies  the  lower 
part  of  the  image,  the  right  side  the  left,  and 
so  on.    And  great  amazement  has  been  ex- 
pressed that  all  objects  are  not  seen  by  the  eve 
in  an  inverted  posi- 
tion. Many  have  gone  a 
so  far  as  to  assert  that 
children  and  young 
animals  see  objects 
thus  turned  upside 
do^vn,  and  that  it  is 
only  experience  that 
teaches  them  the  error 
of    the  impression. 
The  followuig  explanation  of  this  ancient  pnzzle 
is  perfectly  suflacient,  and  it  is  therefore  unneces- 
sary to  notice  any  of  the  numerous  speculations 
which  have  been  at  different  times  brought  for- 
ward.   As  will  be  more  particularly  dwelt  on 
at  a  further  part  of  this  article,  every  point  of 
the  retina  acts  for  itself  and  sees  iii  its  own 
direction  (if  the  expression  may  be  allowed), 
and  there  is  no  doubt  that  this  is  in  the  direc- 
tion perpendicular  to  its  surface  at  the  point,  so 
that  any  point  of  the  retina  may  be  considered 
for  the  purpose  of  explanatiou  as  a  small  eve 
distinct  from  the  otlier  parts.    Consider  now  in 
the  figure  an  ej'e  placed  at  a  and  getting  a 
ray  of  light  from  the  pupil ;  of  course  it  would 
perceive  the  impression  in  that  direction  and 
would  see  the  object  in  that  dkection,  or  as  at  a, 
hence,  then,  it  looks  up  for  the  top  of  the  object 
where  of  course  it  is,  and  so  with  every  other 
point,  acting  and  perceiving  distinctly  for  itself 
and  independently  of  the  others,  and  seeing  the 
part  of  the  object  in  the  direction  from  which  its 
raj's  come,  that  is  the  top  of  the  object  in  an 
upward  direction.    The  whole  difficulty  seems  to 
have  arisen  from  imagming  the  mind  or  conscious- 
ness as  a  separate  existence  contemplating  the 
inverted  image  on  the  back  of  the  eye-ball  from 
without,  as  another  eye  looks  at  such  an  image 
in  the  dissected  ball  formerly  referred  to;  whereas 
the  case  is  totally  different,  it  is  the  conscious 
retraa  itself  perceiving  the  parts  of  the  image  each 
in  the  direction  of  the  rays  which  indicate  its 
presence. 

Few  persons  are  aware  of  the  very  limitcl 
extent  of  the  whole  field  of  vision  which  can  be 
seen  distinctly  at  the  same  instant,  yet  the  effort 
to  decipher  the  one  part  of  a  printed  line  or  even 
a  word  while  The  eye  is  kept  fixed  to  another 
point  in  its  immediate  vicinity  will  convince  them 
of  the  fact.  It  may  be  said  indeed  that  distinct 
vision  is  confined,  strictly  speaking,  to  one  point 
of  the  retina,  and  that  the  reason  that  this  is  not 
more  generally  observed  is  the  rapidity  of  move- 
ment of  the  eye  which  passes  the  point  of  distinct 
vision  over  every  part  of  an  object  with  such  faci- 
lity that  no  inconvenience  is  felt  at  its  not  being  all 
with  equal  distmctncsa  seen  at  once.  Differeut 
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causes  have  been  assigned  for  this  want  of  dis- 
tinctness in  the  greater  part  of  the  field  of  vision. 
On  the  very  centre  of  tlie  retina,  or  ratlier  the 
part  exactly  opposite  the  centre  of  the  pupil,  or  at 
the  termination  of  the  axis  of  the  eye,  as  it  is 
called,  there  is  a  spot  subtending  an  angle  of 
about  4°  from  the  centre  of  the  ball,  consisting 
of  a  part  rather  more  transparent  than  the  re- 
mainder of  the  nervous  membrane  and  surrounded 
by  a  faint  yellow  margin.  It  is  called  theforamen 
centrale  or  central  hole  of  the  retina,  and  has 
by  some  been  thought  to  be  the  cause  of  distinct 
vision.    That  this  is  not  the  case  is  evident  from 
the  fact  that  it  is  only,  according  to  Sir  D.  Brew- 
ster, found  in  man,  apes,  and  some  lizards  ;  and, 
moreover,  that  distinct  vision  does  not  extend 
over  so  large  a  field  as  -4°,  and  besides  that  the 
area  of  distinct  vision  is  not  circumscribed  by  any 
boundary  as  is  the  case  with  this  spot.  The 
distinctness  of  the  perceptions  gradually  diminish 
from  a  single  point  to  the  margin  of  the  retina, 
where  all  sensation  is  lost,  so  that  distinctness 
can  in  no  degree  be  connected  with  any  parti- 
cular line  or  margin.    It  is,  however,  certainly 
confined  to  a  particular  point  of  the  retina,  as  no 
degree  of  mental  eifort  or  practice  will  serve  to 
change  the  place  of  distinct  vision  from  one  point 
of  the  retina  to  another.    It  is  known  that  the 
images  formed  by  lenses  are  more  faint  and  con- 
fused towards  the  edges  of  the  field,  and  that 
even  in  them  perfect  definition  can  only  occur  at 
the  centre.    In  such  cases,  however,  a  very  much 
larger  amount  of  the  field  remains  comparatively 
distinct  than  in  the  eye,  so  that  it  does  not  seem 
to  be  owing  to  the  obliquity  of  the  incident  pen- 
cils of  light  and  the  inherent  imperfection  of  the 
image  formed  on  the  retina  that  its  margmsseem 
to  the  sense  of  vision  so  ill  defined.    To  put  this 
to  the  test  of  experiment  we  have  only  to  place 
a  very  small  opening  in  a  card  in  front  of  the  eye 
so  as  to  shut  off  all  but  the  central  parts  of  the 
lens  from  action,  when  if  it  were  on  account  of 
the  obliquity  of  the  pencils  of  incident  rays,  the 
indistinctness  ought  to  be  greatly  dimuiislied, 
which  is  not  the  case.    So  we  are  forced  to  the 
conclusion  that  it  is  by  a  peculiarity  in  the  struc- 
ture of  the  retina  itself  rather  than  of  the  image 
that  the  field  of  distinct  vision  is  confined  to  so 
small  a  range.  Indeed  it  is  easy,  considering  that 
it  is  so,  to  find  reasons  for  it  in  the  fact  that  con- 
centration of  attention  is  thus  produced  and  the 
mind  confined  in  its  observation,  at  each  instant, 
to  a  single  point.— Closely  connected  with  the 
foregoing  peculiarity  of  the  eye  i9»the  question  of 
the  period  of  duration  of  impression  made  on  tlie 
retina.    It  is  more  than  probable  that  this  im- 
pression is  an  undulating  motion  similar  to  that 
excited  in  a  pool  of  water  by  the  impact  of  a 
stone,  so  that  it  miglit  be  expected  some  tnne 
would  elapse  before  this  wave  motion  would  sub- 
side and  leave  the  surface  tranquil  and  ready  for 
another  impression.    This  is  accordingly  found 
to  be  the  fact,  and  is  the  oiigiu  of  some  interest 
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ing  peculiarities  in  the  sense  of  vision  as  well  as 
the  foundation  of  curious  toys  and  philosophical 
experiments.  The  common  amusement  of  chil- 
dren in  whirling  pieces  of  burning  wood  rapidly 
in  the  air  to  give  rise  to  the  appearance  of  rib- 
bons and  luminous  figures  may  be  given  as  an 
instance  of  an  effect  depending  on  the  duration 
of  the  impression  on  the  retina.  Supposing  the 
luminous  point  at  a  to  have  its  impression  at  a 
on  the  retina  in  the  annexed  figure,  and  that 
while  it  moves 
on  to  B  the 
image  is  made 
on  other  points 
as  at  6  in  the 
eye,  then  if 
while  this  has 
occurred  the 
image  is  still 
perceptible  at  a, 

it  is  evident  that  the  whole  of  the  images  along  the 
line  which  were  successively  made  by  the  point 
will  be  seen  at  once,  as  if  the  original  line  of  ino- 
tion  of  the  luminous  point  had  been  itself  lumin- 
ous.   If,  then,  any  figure  be  completely  described 
by  the  moving  point  before  the  impression  has 
begun  to  fade  at  any  part  of  the  retina  passed 
over,  the  figure  will  appear  complete.    It  is  evi- 
dent that  the  conditions  of  this  are  the  rapidity 
and  dimensions  of  the  original  movement,  its 
distance  from  the  eye,  and  the  time  during  which 
the  impression  continues  on  the  retina  after  the 
light  which  gave  rise  to  it  has  vanished. — It  is 
easy  to  arrive  at  a  knowledge  of  the  duration  of 
the  impression  by  means  of  the  experiment  now 
noticed.    Say  that  such  a  point  is  whu-led  round 
on  a  wheel  in  front  of  the  eye  more  and  more 
rapidly  till  it  is  just  seen  as  a  perfect  circle,  then 
it  is  evident  that  the  time  of  one  revolution  of 
the  point  is  precisely  equal  to  the  duration  of  the 
impression.    In  this  way  it  is  found  that  impres- 
sions of  different  strengths  and  colours  differ  in 
the  period  of  their  duration,  as  might,  from  the 
analogy  of  the  pool  of  water,  be  expected.  Dif- 
ferent experimenters  have  given  the^,  |,  |^d  of  a 
second  as  the  average  period  of  duration,  and 
Plateau  finds  the  impression  least  permanent  in 
blue  light  and  most  so  in  yellow  and  white,  the 
yellow  remaining  35  hundi-edths  of  a  second  while 
the  blue  only  remained  32  hundredths.— The 
appearance  of  forked  lightning  as  a  continuous 
thread  of  light  is  no  doubt  to  be  ascribed  to  the 
peculiarity  of  the  eye  now  under  notice,  as  also 
the  elongated  form  of  shooting  stars,  falling  rain. 
&c.,  &c.    It  has  been  said  that  feeble  lights  take 
longer  to  make  their  impression  than  strong  ones, 
and  instances  have  been  given  of  the  cannon  shot 
passing  across  the  sky  being  invisible  while  the 
same  at  a  white  heat  against  a  dark  sky  is 
easily  perceptible ;  but  this  does  not  seem  to  be 
the  true  explanation,  but  rather  that  the  duration 
of  the  impression  of  the  luminous  sky  prevented 
the  perception  of  the  impression  of  the  dark  ball, 
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the  retina  being  in  a  slate  of  previous  agitation 
which  had  not  time  to  subside.— The  Thauma- 
trope  (AVonder  Turner)  invented  by  Dr.  Paris  is 
a  philosophical  toy  founded  on  the  duration  of 
the  impre-ssion  on  the  retina.    A  flower  is  painted 
on  one  side  of  a  piece  of  cardboard  and  a  flower- 
pot on  the  other,  the  whole  is  suspended  by  a 
string  and  a  rapid  whirling  motion  communicated, 
when  the  two  sides  will  be  seen  at  once  and  the 
flower  appear  to  grow  from  the  flower-pot.  Pla- 
teau's magic  disc  depends  on  the  same  cause. 
—A  circular  piece  of  card  has,  at  intervals  of  one 
'  or  two  inches  round  its  circumference,  slits  of  i 
1  inch  broad  and  an  inch  deep  cut  out,  and  in  the 
i  intervals  the  same  figure  painted  in  diflerent  but 
:  simikr  attitudes;   for  instance,  the  action  of 
.  dancing,  the  different  positions  which  such  an 
<  action  would  give  rise  to  in  its  successive  phases 
r  round  the  disc.    When  a  pin  is  put  through  the 
;  centre  of  such  a  card,  and  the  face  of  it  held  in 
r  front  of  a  mirror,  the  eye  of  the  observer  being 
c  directed  through  the  slits  at  the  images  in  the 
^  mirror,  while  the  card  revolves,  the  images  in 
■  the  mirror  being  in  all  respects  reversed,  appear 
:  to  stand  still.    And  if  such  rapidity  be  given  to 
the  motion,  that  the  impression  of  one  figure  shall 
come  on  the  eye  through  a  chink  just  as  that  of 
:  the  former  is  about  to  vanish,  the  figure  will  ap 
pear  to  have  moved  and  taken  up  the  new  posi- 
tion,  so  that  all  the  semblance  of  a  living  object 
may  be  communicated.   Twelve  slits  answer  well 
for  such  a  disc,  and  a  diameter  of  eight  or  nine 
inches.    Other  and  still  most  ingenious  arrange- 
ments of  this  curious  instrument  have  been  de- 
scribed by  its  inventor.— Of  all  questions  con- 
cemmg  the  faculty  of  vision,  the  one  which  has 
pven  rise  to  most  discussion  and  has  been  most 
difficult  of  solution  is  the  mode  m  which  the  eye 
accommodates  itself  so  as  to  produce  distinct 
vision  at  different  distances.    That  such  a  power 
IS  required  and  actually  exists,  mav  be  perceived 
oy  such  an  experiment  as  the  following.  Place 
the  eye  at  a  distance  of  a  foot  from  the  glass  of  a 
RTindow,  and  with  a  pencil  endeavour  to  delineate 
n  the  glass  a  tracing  of  the  outlines  of  distant 
bjects  seen  through  the  window.    It  will  soon 
e  lound  that  it  is  impossible  to  see  distinctly  the 

I-o  .  .      P'"''"  ^"'^  of  the  distant 

nject  at  the  same  time,  so  as  to  cause  the  one  to 

TjJf  "l^"'-  ^'^'^      ««en  distinctly 

nml,  together;  the  eye  must  ac- 

ommodate  Itself  to  either  distance  separately. 
;,lf.  ^'^TV  ^"^'«go»s  to  what  occurs  in  the 

S     t."-  'r  "  TF      "'^''^"^  °f  ^       «n  a 
cTfh.     "  """"  '^'■''t'lnce  of  the  lens 

om  the  screen  must  be  varied  to  suit  different 

Set  •  ^^"^  the  near  ones  are 

leans  of  fl,f,  T  ^^''^^  the 

eans  of  this  adaptation  of  the  eve  ?  In  the  case 
f  the  lens,  for  instance,  of  the  camera  obscura  t 
■  to.be  easy  to  focus  all  distances  at  once 
7  employing  none  but  nearly  centrrra^,  that 
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IS,  by  covering  up  all  but  the  centre  of  the  lens 
by  a  diapiiragm,  leaving  only  a  small  opening. 
In  this  way,  the  blades  of  grass  close  to  the 
camera,  and  the  scars  on  the  distant  mountains 
are  all  depicted  at  tiie  same  time  equallv  distinct! 
M.  Pouillet,  from  observing  this,  and  also  noticing 
the  fact,  that  the  pupil  contracts  itself  when 
efl'ort  is  made  to  see  near  objects,  ascribes  the 
accommodating  power  of  the  eye  wholly  to  the 
contraction  and  dilatation  of  the  pupil.   But  that 
this  is  wholly  untrue,  may  be  at  once  made  out 
by  the  simple  experiment  of  looking  through  a 
small  hole  in  a  card,  when  it  will  be  obvious  that 
the  circumstances  are  the  same  as  in  the  con- 
tracted pupil,  and  that  though  it  is  true  that  the 
eye  is  now  accommodated  to  very  near  vision 
yet  this  accommodation  differs  from  that  which 
naturally  takes  place  in  this,  that  both  far  and 
near  objects  are  seen  distinctlv  at  the  same  time 
which  is  never  the  case  with  the  natural  pupil.-^ 
A  very  prevalent  opinion  is  that  the  eve  is  wholly 
elongated  by  the  pressure  of  its  external  muscles, 
and  that  this  is  equivalent  to  withdrawing  the 
retma  to  a  greater  distance,  and  thus  rendering 
its  situation  adapted  to  the  images  of  near  objects! 
But  such  an  elongation  would  necessarilv  lead  to* 
a  projection  of  the  front  part  of  the  eye  farther 
foi-ward.    Such  a  projection  has  never,  even  by 
the  most  careful  observation,  been  noticed.— It 
ought  to  be  borne  in  mind,  that  in  what  Dr 
Young  has  called  indolent  vision,  that  is,  in  the 
state  of  the  eye  when  its  ^^sion  is  indifferent,  or 
directed  to  no  particular  distance,  it  is  always 
fitted  for  the  most  distant  vision ;  so  that  only 
one  kind  of  adjustment  is  required,  the  other 
taking  place  without  eff^ort.    The  celebrated  Dr 
Ihomas  Young,  who  devoted  much  time  to  the 
investigation  of  the  physiology  of  ^•isioll,  arrived 
at  the  conclusion,  that  the  lens  has  a  muscular 
structure,  and  can  thereby  change  its  figui'e  to  a 
more  spherical  form,  thus  diminishing  its  focal 
distance,  and  that  thus  the  accommodation  to 
near  objects  is  produced.    He  instituted  experi- 
ments and  calculations,  to  show  that  the  amount 
ot  change  necessary  would  be  but  trifling  in 
amount,  and  by  no  means  beyond  tl.e  bounds  of 
probability:  muscles,  however,  are  liable  to  irre- 
gular and  spasmodic  action,  and  it  is  a  priori 
questionable  how  far,  where  such  perfection  of 
form  IS  required  as  in  the  lens  of  the  eye,  it  should 
be  left  liable  to  such  changes  of  shape.  Besides, 
our  more  accurate  knowledge  of  the  niimite 
anatomy  of  the.  texture  and  of  the  lens  itself, 
affords  no  support  to  this  view;  and  it  has  been 
still  more  decidedly  disproved  by  the  direct  experi- 
ments of  Cramer  and  othens,  who  .'ound  tliat  the 
crystalline  lens  of  recently-killed  animals  under- 
goes no  change  of  form  whatever  when  sub-< 
jected  to  the  powerful  stimulus  of  a  romting 
batter3\    There  is  therefore  only  this  aUeruu-. 
five,— the  alteration  in  the  form  of  the  lens  must 
depend  on  the  action  of  the  internal  inu-culap 
apparatus  of  the  eye,  wliich  in  muu  cousiats  of 
369  'i  B 
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the  iris  and  the  dliari/  mvscle.  The  question 
remains,  llierefore,  what  part  is  plaved  by  llie 
iris  and  what  by  the  ciliarij  muscle? — a  fiuestion 
exceedinf^ly  Uilliciilt  and  delicate,  but  which  has 
at  last  been  salisfaclorily  answered.  Having  care- 
U\Wy  studied  all  tlie  more  modern  researolies  of 
Cramer,  Dondtrs,  Helndiollz,  and  Van  Rceken, 
.and  followed  up  tlieir  experiments  by  independent 
ret;earche.s,  Dr.  Allen  Thomson  has  exposed  and 
sellk'd  the  whole  intricate  subject  in  cue  of  the 
most  interesting  memoirs  that  we  possess  con- 
cerning it.    His  conclusions  are  as  follow  : — 

"  (1.)  In  adjustment  fordistant  vision,  which  is 
jisually  the  state  of  rest  of  the  eye,  the  flattened 
form  of  the  lens  is  maintained  principally  by  the 
elasticity  of  the  pai  ts,  and  more  immediately  by 
tlie  tension  of  the  elastic  fibres  of  the  zonule  of 
Zinn,  or  suspensory  ligament,  which  pass  to 
unite  with  the  capsule  of  the  lens,  both  on  the 
anterior  and  posterior  surface,  near  its  margin. 
(2.)  In  adjustment  for  near  vision,  which  is  an  ac- 
tive condition,  the  increased  curvature  and  advance 
of  the  anterior  surface  of  the  lens,  together  with 
the  other  attendant  changes  in  its  form,  are 
efi'ected  by  the  combined  action  of  the  ciliary 
muscle  and  iris,  which  compress  the  marginal 
part  of  the  lens  by  their  own  direct  action,  and 
through  the  ciliary  processes  and  fluid  of  the 
canal  of  Petit.  (3.)  By  the  contraction  of  the  ciliary 
muscle,  the  attacliment  of  this  muscle  itself,  and 
of  the  base  of  the  iris,  along  the  line  of  junction 
of  the  cornea  with  the  sclerotic,  is  drawn  some- 
what backwards;  and  thus  the  outer  part  of  the 
anterior  aqueous  chamber  recedes,  and  is  widened 
transversely.  The  pupillary  margin  of  the  iris, 
though  contracted  by  its  sphincter  muscle,  is 
advanced  by  the  bulging  of  the  lens,  upon  which 
it  lies  closely  applied.  (4.)  It  may  be  doubtful 
whether  the  radiating  fibres  of  the  iris  contract 
actively,  or  are  only  in  a  state  of  tension  between 
the  sphincter  and  the  ciliary  muscle;  but,  in 
either  case,  the  outer  part  of  the  ii-is  will  press 
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upon  llie  margin  of  the  lens  iu  front.  (.5.)  The  ex- 
ternal and  longest  fibres  of  the  ciliary  muscle, 
whose  contraction,  as  Van  Reeken  remarks,  must 
be  the  greatest,  proceeding  towards  the  ora  ser- 
rata,  draw  forward  that  part  of  the  choroid  mem- 
brane, and  thus  have  the  effect  of  relieving  the 
tension  of  the  elastic  fibres  of  the  suspensory 
ligament  of  the  lens.  (6.)  The  remaining  part  of 
this  muscle,  inserted  into  the  exterior  of  the 
ciliary  processes  and  suspensory  ligament,  must 
gather  them  together,  rendering  them  shorter 
from  without  inwards,  and  narrowing  them  from 
before  backwards,  so  as  to  support  the  vitreous 
humour  behind  the  lens,  and  thus  prevent  its 
moving  backwards.  The  yielding  nature  of  the 
attachment  of  the  iris  and  ciliary  muscle  to  the 
line  of  junction  of  the  cornea  and  sclerotic,  may 
allow  the  ciliary  muscle  also  to  act  on  tlie  mem- 
brane of  Descemet,  so  as  to  give  increased  ten- 
sion and  support  to  the  fluid  in  the  aqueous 
chamber.  (7. )  The  combined  action  of  the  inner 
fibres  of  the  ciliary  muscle  and  of  the  iris,  is  to 
carry  the  ends  of  the  ciliary  processes  against  or 
near  to  the  margin  of  the  lens,  and  to  produce 
compression  round  that  margin;  the  effect  of 
which  pressure  may  be  rendered  more  equal  by 
its  action  through  the  fluid  of  the  canal  of  Petit. 
This  canal  is  deepened  during  the  action  from 
before  backwards,  and  its  fluid  may  thus  convey 
the  pressure  to  a  greater  extent  of  the  margin  of 
the  lens.  At  the  same  time,  the  direct  pressure 
of  the  outer  part  of  the  iris  on  the  marginal  part 
of  the  anterior  surface  of  the  lens  prevents  the 
advance  of  that  body.  The  lens  therefore 
bulges,  especially  at  its  central  portion,  and  it 
seems  even  possible  that  it  may  bulge  to  a 
greater  degree  tlirough  the  pupil  than  elsewhere." 

The  subject  is  made  much  more  intelligible  by 
the  following  diagram,  modified  by  Dr.  Thomson 
from  one  given  by  Helmhcltz.  On  the  right 
side  of  the  diagram  the  lens  and  other  parts 
are  represented  as  in  adjustinent  for  near  vision  ^ 
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on  the  left  side,  for  distant  vision : — c,  the  cornea ; 
«,  the  iris,  sclerotic;  cA,  choroid  membrane ;  r, 
retina;  h,  hvaloid  membrane;  cm,  cilinr_v  muscle; 
cp,  ciliary  processes;  o,  canal  of  Pel  it  and  sus- 
pensory ligament  of  the  lens;  I,  the  flat  lens;  i', 
the  lens  altered  in  form  for  near  vision. 

Eye-Picrc. — The  function  of  the  Object- 
Glass  of  a  telescope  is  simply  this,— it  presents 
in  its  focus  an  image  of  the  external  object  which 
is  much  more  luminous  than  the  oI)ject  appears 

■  to  the  unassisted  eye.    The  size  of  the  image 

■  varies  with  circumstances,  but  it  may  be  magni- 
1  fied  by  aid  of  a  microscope,  in  proportion  to  its 
i  brightness.  This  magnifier  or  microscope  is  the 
:  small  tube  through  which  one  looks  at  the  image, 
1  and  is  technically  termed  the  eye-piece  of  the 
:  telescope.  We  shall  briefly  describe,  in  the  first 
t  place,  the  nature  of  the  ej-e-pieces  generally  in  use, 
I  and  then  refer  to  the  important  subject  of  their  cor- 
:  rection  for  Chromatic  and  Spherical  Aberrations. 

I.  The  General  Structure  OF  Eye- Pieces. 
 Eye-pieces  may  be  divided  into  three  classes: — 

1.  The  Single  Lens. — This  is  a  mere  convex 
magnifying  glass,  so  placed  that  the  image  be  in 
its  focus.    It  is  still  frequently  employed  when 

i  a  limited  object,  or  part  of  an  object,  requires  to 
1  be  viewed  with  a  very  high  power.    But  the 

object  must  be  limited,  inasmuch  as  it  cannot  be 
'1  seen  distinctly  unless  in  the  centre  of  the  field  of 

view  or  the  immediate  neiglibourhood  of  that  cen- 
:  tre.    At  any  appreciable  distance  from  the  centre 

of  the  lens,  the  image  is  coloured  and  disturbed 
:  through  effect  of  the  two  aberrations.   The  chro- 

matism  of  such  a  lens  may  indeed  be  destroyed  in 

■  the  way  that  an  object-glass  is  corrected  fbr  the 
'  Jame  defect ;  but  this  can  be  effected  much  more 

easily  and  certainly  when  a  compound  eye-piece  is 
;i  employed.  The  single  lens,  therefore,  is  not  now  put 
tin  use  unless  in  the  circumstances  above  described. 

2.  77.6  Astronomical  Eye-piece. — The  image  of 
«i  an  object  formed  in  the  focus  of  an  object-glass  is 
« »n»erierf,as  will  appear  from  the  folio  wingdiagram : 


Fig.  2. 


of  such   eye-pieces  are  in  common  use— one 
called  tiie  negative,  the  other  the  positive  eye- 
piece.   The  negative  eye-piece  is  formed  of  two 
plano-convex  lenses,  a 
and  B,  fixed  with  tlieir 
curved  surfaces  towards 
the  object-glass,  at  a  dis- 
tance from  each  other 
something  less  than  half 
the  sum  of  their  focal 
lengths.    It  is  called  a 
negative  eye-piece,  be- 
cause the  image  viewed 
by  the  eye  is  formed  be- 
hind the  inner  lens,  and  this  is  the  form  generally 
used  when  distinct  vision  is  the  sole  oljject. — The 
positive  eye-piece  is  formed  of  two  plano-convex 
lenses,  c  and  d,  having  their  curved  surfaces 
turned  towards  each  other,  and  placed  at  a  dis- 
tance from  each  other  less  than  the  focal  distance 
of  the  one  next  the  eye, 
so  that  the  image  of  the 
object  viewed  is  beyond 
both  the  lenses:  this  is 
the  form  adopted  for 
the  Transit  Instrument, 
where  spider  lines  are  in 
the  focus  of  the  object- 
glass,  and  also  for  teles- 
copes with  micrometers, 


Fig.  3. 


Fig.  4. 


Fig.  I. 

The  application  of  a  simple  magnifying  power 

also  and  enlarged  in  size.  Now,  as  it  is  not 
°' :,f.  importance  in  astronomical  ob- 

"n„fh'  u"'°"  °^  eye-pieces  employed 
Se  imar"""'^K''  "^'"'^^  '^at  of  magnify  „g 
nvVy '  '^^r  '^^<=-'l'"gly  the  objec^t 
"vertetl.    As  we  shall  see  in  next  section  tho 

reSteT-'  T  or"he"o'bj2 
intertstionn;  P"^"'""'  without  Uie 

^ZZ\7l      'T"""''^  at  the  costly 

acnace  of  a  quant.ty  of  light.-Two  varieties 


for  the  piece  containing  the  lenses  can  be  taken 
out  without  disturbing  the  lines,  and  is  adjustable 
for  distinct  vision.  As  the 
image  formed  at  the  focus  of 
the  object-glass  lies  parallel 
to  the  flat  face  of  the  conti- 
guous lens,  every  part  of  the 
field  of  view  is  distinct  at 
the  same  adjustment,  or,  as 
opticians  say,  there  is  a.  flat 
field. — To  obviate  theincon- 
venience  of  observation  at 

high  altitudes,  a  diagonal  piece  is  often  used. 
A  flat  piece  of  polished  speculum  metal,  f, 
applied  beween  the  two  lenses  at  an  angle 
of  45°,  changes  the  direction  of  the  rays 
of  light,  and  forms  an  image  that  becomes 
erect  with  respect  to  allilude,  but  is  still 
reversed  with  respect  to  azimuth.  Instead 
of  the  speculum,  a  totally  reflectiug  prism  inav 
be  beneficially  employed.    The  most  elementary 
acquaintance  witli  dioptrics  will  enable  the  reader 
to  trace  the  course  of  the  ray  of  light  through 
these  difTerent  combinations.    All  varieties  of 
magnifying  power,  as  depending  on  the  curva- 
tures of  the  lenses,  may,  of  course,  bo  given  to 
either  construction. 

3.  The  Erccliny  or  Terresti-ial  Ei/e-piece  

It  would  unquestiorably  be  surprising,  and  alto- 
gether unexpected,  tliat  one  should  have  remote 
terrestrial  objects  presenteil  to  the  eye,  turned 
upside  down;  and  as  Hie  sacrifice  of  an  amount  of 
light  13  of  less  consequence  ih  this  case,  the  evu- 
i7i 
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piece  of  an  ordinary  terrestrial  telescope  has  more 
lenses  than  two.  The  manner  in  which  the  ob- 
ject aimed  at  may  be  accomplished  by  the  intro- 
duction of  such  additional  parts  will  be  readily 
understood.  Suppose  that  an  additional  lens  of 
the  same  nature  as  a  b  (see  fig.  1,  above),  were 
placed  beyond  the  image  n  m,  and  so  that  n  m 
should  be  in  its  focus,  it  is  clear  that  an  image  of 
n  m  would  be  formed  in  the  focus  of  the  new  lens, 
and  that  this  second  image  would  be  an  inversion 
of  the  first  image,  —in  other  words,  the  position  of 
its  parts  would  correspond  with  the  position  of 
tlie  parts  of  the  object  m  n,  that  is  to  sa)',  it 
would  be  erect.  The  terrestrial  eye-piece  could 
tlierefore  be  completed  merely  by  bringing  the 
magnifying  po^ver,  or  some  form  of  the  simple 
astronomical  eye-piece,  to  operate  on  that  second 
or  erect  image.  Tliis  is  not  indeed  the  actual 
arrangement  of  any  terrestrial  eye- piece  in  use; 
but  it  explains  the  principle  of  all  of  them.  They 
are  composed  sometimes  of  three  lenses,  sometimes 
of  four,  variously  arranged ;  but  one  part  of  the 
arrangement  alwa^-s  has  for  its  object  or  distinctive 
function  to  reverse  the  original  inverted  image, 
and  the  other  to  magnify  it.  The  mode  of  the 
arrangement  of  the  lenses  is  determined  by  col- 
lateral considerations, — mainly,  by  the  conditions 
most  favourable  for  the  destruction  of  the  two 
aberrations.  Two  of  the  three  arrangements  are 
show^n  below  in  figs.  7  and  8,  where  the  places  of 
re-inversion  are  sufficiently  clearly  indicated.  Of 
other  arrangements  the  following  may  be  specified 
as  very  generally  used.  Although  the  subject 
'^ii'igff;'^"E 
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properly  belongs  to  next  section,  it  may  be 
remarked  here  that  tliis  eye-piece  will  be  acln-o- 
matic  under  the  following  conditions: — First, 
The  four  lenses,  a,  c,  d,  b,  reckoning  from  a, 
ought  to  have  focal  lengths  in  the  proportions  of 
3,  4,  4,  and  3;  and  the  distances  between  them, 
reckoning  in  the  same  scale,  should  be  4,  6,  5, 
and  2.  Secondly,  The  radii,  reckoning  from  the 
outer  surface  of  A,  should  be, — 

A  ^"'■'■'''i.^' Nearly  plano-convex. 

I  Second  surlace,....  IJ  ' 

C  [First  surface   9]  a  meniscus. 

ISecond surface, ..  43 

D  f  f '■■''^  ^m^A^^   1 1  Nearly  plano-convex. 

t  Second  surface  '213  ■' 

B  5"Fi"t  surface,  „J]  Double  convex. 

t'^ficonil  surface  24  J 

Sir  David  Brewster  was  the  first  to  notice  that, 
by  varying  the  distances  between  c  and  n,  by 
means  of  the  moveable  tube  containing  A  and  c, 
the  magnifymg  power  of  thia  eyc-pieco  may  be 


increased  or  diminished.  This  is  the  secret  of 
Kitchener's  Pancratia  eye-piece.  For  principles 
of  computation,  &c.,  as  to  these  matters,  sea 
Lens. 

II.  Principles  of  Correction  fob  thb 
Aberrations. — These  aberrations  are  two — the 
Chromatic  aberration,  and  that  of  Sphericity. 

1.  Correction  of  Chromatic  Aberration. — This 
most  essential  correction  has  occupied  the  atten-. 
tion  of  our  best  physicists  and  mathematicians, 
such  as  Euler,  Clairaut,  D'Alembert,  Boscovich ; 
and  in  modern  times  it  has  elicited  elaborate 
memoirs  from  Airy  and  Biot.  The  researches 
of  Biot  are  in  the  Memoirs  de  VL.stitut  for  1843, 
and  more  recently  his  invaluable  treatise,  the 
Astronomie  Physique.  Mr.  Airy's  work  is  inserted 
in  the  Cambridye  Philosophical  Transactions,  vol. 
ii.,  bearing  date  1824.  We  shall  give  a  brief 
account  of  the  latter  paper,  distinguished  alike  by 
its  simplicity  and  exhaustiveness.  The  analytical 
process  employed  is  susceptible  of  a  short  and 
popular  explanation.  Chromatic  aberration,  as 
explained  under  Abekeation,  arises  from  the  un- 
equal refrangibility  of  the  diverse  coloured  rays  or 
waves  of  the  spectrum.  The  general  principle  is 
this: — The  violet  pencil  is  more  refrangible  than 
the  red,  and  will  therefore  enter  the  eye,  making  a 
greater  angle  with  the  axis  of  the  telescope  than 
the  red  pencil  makes.  Looking  from  the  centre, 
then,  or  along  the  axis,  at  the  refracted  sheaf, 
the  violet  image  will  appear  as  a  ring  enveloping 
the  inner  red  ring  and  all  the  intermediate  ones, 
so  that  the  object  will  present  as  a  set  of  coloured 
n  rings  or  forms.  Now,  if  a  second  eye- 
J  glass  be  placed  at  some  distance  from  the 
first,  the  violet  rays,  after  refraction  at 
the  first  eye-glass,  will  be  incident  on  the 
second,  at  a  point  nearer  to  the  centre, 
\  than  that  at  which  the  red  rays  are 
iJ  incident  on  it ;  and  falling  therefore  on  a 
smaller  repeating  angle,  tiiey  may,  by  the 
proper  adjustment  of  the  lenses,  be  made  to  issue 
parallel  to  the  red  rays;  when  the  object  will 
be  seen  without  any  tinge  of  cobur.  It  is 
singular  enough  that  the  early  double  eye-piece 
of  Huyghens — although  originating  in  other  con- 
siderations—answered this  requisition  in  the  way 
indicated  in  diagram,  fig.  6:  see  below. 

It  is  clear,  however,  that  an  adjustment  so  im- 
portant should  not  be  left  to  chance,  or  continue 
surrounded  by  any  degree  of  vaguen&ss.  Calling 
n  the  index  of  refraction  for  any  one  colour,  or 
for  the  mean  rays,  n  -f  S  n  will  be  the  index  of 
lefraction  for  rays  of  any  other  colour.  If,  then, 
by  aid  of  this  notation,  an  expression  is  found 
for  the  visual  angle,  by  tracing  the  axis  of  a 
pencil  of  rays  through  the  eye-piece,  the  varia- 
tion of  this  "expression  depending  on  tlie  forego- 
ing alteration  of  tlie  inde.K  of  refraction,  must, 
in  the  case  of  acliromalisin,  be  evidently  =  0- 
Fundamental  equations  are  tluis  easily  formed, 
and  the  relations  among  tiie  required  quan- 
tities that  are  demanded  by  the  condition  just 
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laid  down  can  be  determined  at  onca  We 
have  no  room  to  give  more  than  a  few  of  Mr. 
Airy's  results. — (1.)  In  case  of  the  eye-piece  with 
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two  eye-glasses.   Let  d,  in  fig.  6,  be  the  distance 
of  the  first  eye-glass  from  the  object-glass,  p  its 
focal  length,  a  the  distance  of  the  second  eye- 
p 
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glass  from  the  first,  q  its  focal  length ;  then  the 
equation  yielded  by  the  foregoing  method  is- 


2-  E 
D 


or  if,  as  actually  occurs,  D  be  very  great, 


a  = 


p  +  q 


Jf  p  =  3  q,  then  a  =  2  q,  which  is  the 
Huyghenian  constructioa — (2.)  The  eye-piece, 
with  three  glasses,  as  in  fig.  7. 


The  final  equation  is — 
3ab—2bp—2(a  +  b').q~2ar+pq  +  qr  =  0 
If  o,  p,  q,  and  r  be  given  quantities,  we  have 
J  _  2  g  y  +  2  a  ?•  — p  q  — p  r  —  qr 
o  a  —  2p  —  2  q 
If  a  =  ^  +  J  •  we  obtain — 


b  =  q  +  r-{-  - 


p  +  q 

A  formula  of  Bosco^nch's.  This  eve-piece  is 
httle  used,  in  consequence  of  the  difficulty  of 

getting  rid  of  spherical  aberrations  (3.)  The 

eye-piece  with  four  eye-glasses  is  now  univer- 
versally  employed.    See  fig.  S. 


The  final  equation,  supposing  o,  5,  p,  q,  r,  s  to  be  given,  is 

+  2q)—i2a—p-)-(_2b  —  q)  ^(r  +  s)+rs  ^^2a—(p+q)^ 
-js  6  —  2(2  +  r|  +5- {3  •  (a  +  5)  —  2  r  [  -  a  (4  6  —  3  r) 


In  four  telescopes  examined  bv  Airy,  the  values 
I  of  c  were  as  follows:  — 


1.  A  common  perspective  glass,  c  =  18 

^*  Do.        do.  c  =  4()' 

3.  One  of  Dolland's,   c  =  21-45 

4.  One  of  Ramsden's,   c  =  1-1 

The  true  value  of  c  in  the  different  cases  ought 
to  nave  been   ° 

2-31;  37-88;  19-37;  1-12. 

The  student  is  further  referred  to  Mr.  Airy's 


Memoirs,  and  to  the  writings  of  Biot,  already 
quoted.  See  also  an  instructive  chapter  in  Sir 
David  Brewster's  Optics. 

2.  Correction  of  the  Aberration  of  Sphericity. — 
The  nature  of  this  aberration  has  been  explainid 
under  Abkrratiox,  It  consists  in  this — all  parts 
or  zones  of  a  spherical  lens  have  not  the  same 
focus ;  so  that,  except  in  the  immediate  vicinity 
of  the  centre  of  the  spherical  lens,  the  image  of  an 
object  is  disturbed  and  indefinite.  The  practical 
correction  of  this  aburration  can  never  be  perfect  • 
and  taken  in  connection  with  tlie  necessity  of 
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achromatism,  the  whole  subject  is  an  intricate 
one.  Mr.  Airy  has  pursued  its  tlieory  also 
through  its  most  important  relations,  in  an  ex- 
haustive Memoir  in  Cambridge  Philosnpkical 
Transactions,  vol.  iii.  deferring  the  student  and 
scieritiBc  optician  to  that  very  able  memoir,  we 
must  be  satisfied  here  with  afewpractical  remarks. 
(1.)  Inasmuch  as  it  is  exceedingly  difficult  to 
correct  for  spherical  aberration,  the  lirst  point 
to  be  determined  is  in  any  given  case,  Wkat  are 
the  special  erroi-s  desired  to  be  guarded  against  ? 
Airy  classes  these  as  follows : — First,  A  defor- 
mation of  the  object.  If,  after  examining  an 
object  in  the  centre  of  the  field  of  view,  we  bring 
it  to  the  outside,  we  shall  frequently  find  that  it 
is  extended  in  the  direction  of  the  radius  of  the 
field  of  view,  and  that  it  is  increased,  though 
in  a  smaller  degree,  in  the  other  directions.  If 
we  look  at  a  square,  it  will  appear  to  be  drawn 
out  at  the  corners,  so  that  the  sides  are  all  con- 
vex towards  the  centre.  Sometimes  the  contrary 
effects  will  be  produced :  an  object  being  less 
magnified  at  the  circumference  of  the  field  than 
near  the  centre.  This  defect  may,  in  manj'  cases, 
be  entirely  removed.  Second,  If  an  object  be 
distincth'  visible  in  the  centre  of  tlie  field  of  view, 
it  is  necessary  to  push  in  the  eye-piece  farther  in 
order  to  see  clearly  the  objects  at  tiie  outside  of 
the  field.  In  consequence  of  this  it  is  impossible, 
with  the  same  position  of  the  eye-piece,  to  see 
distinctly  all  parts  of  the  field,  or  to  see  an 
object  dislrinetly  as  it  passes  the  field  of  view. 
This  defect  can  never  be  destroyed.  Third,  Tliat 
no  adjustment  of  the  place  of  the  eye-piece  will 
make  an  object  distinctly  visible  wlien  it  is  far 
from  the  centre  of  the  field  of  view.  If  a  brilliant 
point,  as  a  star,  be  viewed  in  this  situation,  with 
one  position  of  the  eye-piece,  it  appears  a  bright 
line  in  a  direction  perpendicular  to  the  former; 
with  other  positions  it  appears  an  ellipse,  or  a 
circle.  In  tlie  case  last  mentioned,  diflPerent  parts 
of  the  image  are  formed  at  diflierent  distances 
from  the  eye :  in  which  case,  no  distinct  image  is 
formed  at  all,  except  in  the  centre  of  the  field ; 
the  rays  of  other  pencils  never  converging  accu- 
rately to  a  point.  Tliis  defect  may  frequently 
be  entirely  corrected,  though  it  is  sometimes 


prudent  to  leave  it  partial!}'  uncorrected. — As 
alread\'  said,  it  \i  necessary  in  every  practical 
case  to  consider  on  wkat  defect  the  greatest 
stress  should  be  laid.  For  instance,  when  the 
aperture  of  the  telescope  is  very  small,  or  its 
magnifying  power  very  great,  the  breadth  of  the 
pencil  is  very  small,  and  the  second  and  third 
defects  become  insensible;  so  that  the  first  con- 
dition ought  chiefly  to  be  attended  to.  In  cases 
of  microniatic  measurement,  the  j)ower  is  rarely 
great,  and  distortion  is  of  less  consequence,  inas- 
much as  object  and  micrometer-wires  are  equally 
distorted.  The  second  condition  is  here,  therefore, 
the  important  one ;  and  the  thii-d  should,  as  far 
as  possible,  be  satisfied  also.  Mr.  Airy's  Memoir, 
which,  as  we  have  said,  is  almost  exhaustive, 
proceeds,  of  course,  on  the  principle  that  the 
spherical  aberration  of  one  lens  must  l)e  used  to 
correct  the  spherical  aberration  of  another :  and 
the  applicabilit\'  of  tliis  principle  is  evident 
enough, — it  being  quite  the  same  as  the  prin- 
ci|)le  emplojed  respecting  chromatic  aberration; 
viz.,  the  ray  converging  to  a  point  nearer  than 
that  to  which,  wiihout  spherical  aberration,  it 
would  converge,  ma\'  be  made  incident  on  the 
second  lens  at  a  point  where  the  separating  angle 
is  so  small  that  it  shall  emerge  in  a  direction 
parallel  to  that  which  it  would  have  had  if  there 
liad  been  no  aberration.  All  the  important  and 
applicable  combinations  of  lenses  are  separately 
and  elaborately  considered  in  Mr.  Airj-'s  Memoir. 
— See  Objkct-Glass. 

Eyc-ptecc,  Solar,  or  ITIr.  Dnvrcs's. — An 
CA-e- piece,  recently  pi-oposed  by  the  Rev.  R. 
Dawes,  and  executed  by  Mr.  DoUaud,  is  emi- 
nently successful  in  cutting  oflP  the  sun's  light 
and  heat,  in  so  large  a  proportion  that  an  observer 
may  view  the  spots  without  sensible  inconvenience, 
however  large  the  aperture  of  the  telescope.  The 
result  is  attained  by  the  insertion  of  a  diaphragm 
into  the  tube,  and  a  ring  of  ivory.  The  defect  of 
this  valuable  eye-piece  is  the  contractedness  of 
its  field  of  view.  But  several  observers  have 
already  used  it  with  success  in  reference  to  the 
solar  spots.  Minute  descriptions  of  this  eye- 
piece may  be  found  in  the  Montldy  Notices  of 
i  the  Royal  Astronomical  Society. 
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Falirciilicit.  See  Thkrsiometeh,  Scalks. 
B^alUiig  Slavs.    See  AEitoLiTiiS  and  Me- 

TE01:s. 

Fnia  Morunna.  A  phenomenon  chiefly 
noticed  in  the  Straits  of  Messina,  between  Cnhi- 
bria  and  Sicily.  It  is  described  as  showing  the 
images  of  objects  on  the  coast,  sometimes  in  the 
water,  sometimes  in  the  air,  sometimes  at  tlie 
line  which  separates  the  two  media.  Sometimes 
two  images  of  an  object  are  shown,  one  inverted, 
and  one  in  the  natuial  position,  and  sometimes  a 
great  number  of  images  are  observable.  The 


phenomenon  has  not  yet  been  perfectly  accounted 
for.  Philosophical  observers  of  it  have  not  lieen 
numerous ;  and  due  records  of  the  meteorological 
circumstances  in  Avhich  it  takes  place,  and  by 
which  it  is  certainly  very  much  modified  in  char- 
acter, have  not  been  preserved.  The  peculiari- 
ties of  the  coast  seem  to  oftor  an  explanation  in 
so  far  satisfactory.  Tliese  coasts  enclose  a  por- 
tion of  nea'.ly  stagnant  air,  susceptible  of  rapid 
alternations  of  teni|)urature.  In  or^iinary  circum- 
stances air  is  not  so,  cliiefiy  bi'c;iuse  the  heated 
or  cooled  air  is  immediately  replaced  by  othar 
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air,  by  Convictimi  (7.  v.)  Here,  however,  a  series 
of  atmospheric  strata  are  formed,  of  diflferent 
densities,  which  may,  and  probably  do,  act  as  so 
niany  mirrors  hung  in  the  air,  from  wliich  reflec- 
tions are  produced.  Tlie  series  of  images  may  be 
explained  by  the  number  of  these  mirrors;  and 
the  coloured  haze  which  frequently  surrounds 
them,  maj-  be  attributed  to  the  dispersive  power 
cf  the  globules  of  watery  vapour,  on  the  hetero- 
geneous rays  of  which  white  light  is  formed. 
See  Mir.AGE. 

Fils  of  Krflcxion  and  Tiniisnicssion. 
In  the  'i'heorj'  of  Light,  wiiich  makes  it  to 
consist  of  solid  particles,  em  tted  from  luminous 
bodies,  it  was  necessary  to  explain  the  fact  of 
one  portion  of  the  light  incident  on  any  medium 
being  reflected  from,  and  another  being  trans- 
mitted through  it.  Newton's  explanation  assumed 
a  mutual  action  between  the  matter  of  light  and 
that  of  ordinary  bodies — an  action  alternately 
ailraclive  and  repulsive,  numerous  alterna- 
tions of  attraction  and  repulsion  within  dis- 
tances where  this  action  was  sensible,  and  an 

•  equality  in  the  spaces  through  which  these 

•  different  fits  continued  uniform.  The  applica- 
tion of  this  hypothesis  to  the  phenomenon  of 
thm  plates  (see  Plates;,   by  which  it  was 

■  first  suggested,  is  obvious.  In  passing  through 
the  first  distance,  the  particle  of  light  is  in  a  fit 

•  of  easy  reflexion— proceeding  through  a  distance 
'  twice  as  great,  it  reaches  the  second  surface  in 
I  one  of  easy  transmission ;  and  so  on  through  suc- 
I  cessive  stages ;  according  as  they  are  even  or  odd 
I  multiples  of  tlie  length  of  a  fit,  is  the  molecule 
!  at  incidence  on  the  surface  in  transmission  or 
i  reflexion,  and  the  resulting  rings  appear.  It  is 
i  impossible,  on  a  priori  grounds,  to  refute  a  hypo- 

;  thesis  quite  consistent  with  the  known  laws  of 
1  molecular  action.  Minuter  investigations,  how- 
ever, into  the  laws  of  thin  plates  necessitated  the 
.  adoption  of  so  many  supplementary  hypotheses, 
I  that  it  broke  down  beneath  their  weight  The 
»  explanations  this  theory  aflfords  of  ordinary 
!  reflexion  and  refraction,  as  long  as  they  remain 
i  perfectly  vague,  may  meet  with  a  cei'tain  accept- 
5  ance,  but  they  will  not  stand  the  application  of 
i  any  quantitative  test. 

Flame.  Tlie  nature  of  flame  has  recently 
t  been  successfully  investigated  by  Professor  J.  W. 
Draper  of  New  York.  In  1848,  this  eminent 
physicist  establisiied  an  interesting  relation  be- 
tween the  colour  of  a  flame  and  the  energv  of  the 
combustion  giving  rise  to  it.  The  more  vigorous 
the  combustion,  tlie  higher  the  refrangibilitv  of 
light:  for  inslance,  aflame  burning  in  its  most 
tmdy  way  emits  red;  but  if  burning  in  the  most 
ettective  manner  possible,  the  rays  are  violet. 
Kesummg  the  inquiry  quite  recently,  Draper  has 
analyzed  the  wh..le  phenomenon.  According  to 
these  researches,  the  flame  of  a  candle  or  lamp 
consists  of  a  series  of  concentiic  luminous  shellM, 
surrounding  a  central  dark  core.  These  shells 
«Uine  with  diflercnt  c.:,.urs,  the  innermost  one 
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immediately  in  contact  wilh  the  dark  core  being 
red,  and  having  a  temperature  of  977°  V.  Upon 
this,  in  their  proper  order  of  refrangibilitv,  are 
shells,  the  light  of  \vhi(  h  is  orange,  yellow,  green, 
blue,  indigo,  violet.    AViien  we  look  upon  such  a 
flame,  the  rays  issuing  from  all  the  coloured  strata 
are  received  by  the  eye  at  once,  and  impress  us 
with  the  sensation  of  white  light.    The  differently 
coloured  shells,  of  which  a  flame  thus  consists, 
may  be  easily  parted  out  from  one  another,  and 
demonstrated  by  a  prism.    Their  cause  is  the 
slower  rate  at  which  combustion  occurs  at  points 
more  and  more  towards  the  interior.  On  the  out- 
side, which  we  may  saj'  is  in  contact  with  the 
air,  the  combustion  is  most  vigorous  and  com- 
plete, and  hence  the  light  there  emitted  is  violet; 
but  in  the  most  interior  portion  of  the  shining 
shell,  resting  upon  the  dark  combustible  matter, 
the  atmospheric  air  can  hardly  penetrate,  or, 
rather,  its  oxygen  is  exhausted' and  consumed. 
Between  the  exterior  and  interior  susface,  the 
burning  is  going  on  with  an  activity  constantly 
declining,  because  theinterpenetration  orsupplvol 
oxygen  is  gradually  less  and  less.    But,  besides 
this  collection  of  coloured  shells,  constituting 
what  may  be  termed  the  actual  flame,  there  is 
another  region  exterior  thereto,  and  to  be  dis- 
tinguished both  in  its  chemical  nature  and  in  its 
optical  relations.    Chemically,  it  consists  of  the 
products  of  combustion  and  of  the  unburnt  resi- 
due of  the  air,  that  is'  to  say,  carbonic  acid, 
sleam,  and  nitrogen.    These  are  all  the  time 
escaping  out  of  the  true  flame,  and  envelop  it  as 
an  exterior  cone  orcl'oat   Optically,  this  portion 
difl'ers  from  the  true  flame  in  thedrcumstaiice, 
that  it  is  shining  as  an  incandescent,  ignited,  but 
not  a  burning  bod.v.    For  physioloi-ical  reasons, 
the  tint  of  this  exterior  cloak  seems  to  be  a 
monochromalic  yellow.    That,  however,  is,  to 
a  considerable  degree,  a  deception;  prismatic 
examination  proving  that  all  the  other  colours 
are  present,  and  that  the  yellow  merely  exceeds 
the  rest  in  force  and  intensitj'.   A  flame  thus  far 

may  be  considered  as  olfeiing  three  regions:  

Fii-st,  A  central  nucleus  which  is  not  luminous, 
and  consists  of  combustible  vapour.  Second/i/,  An 
intermediate  portion,  the  true  flame,  arising  from 
the  reaction  of  the  air  and  the  combustible  vapour, 
and  being  composed  of  a  succession  of  superposed 
shells,  the  interior  being  red,  the  exterior  violet, 
and  the  intervening  ones  coloured  in  the  proper 
order  of  refi  angibility;  ti  e  cause  of  this  difference 
of  colour  being  the  declining  activity  with  which 
the  combustion  goes  on  deeper  and  deeper  in  the 
flame.  As  to  temperature,  the  inner  red  shell 
cannot  be  less  than  977°  and  the  exterior  violet 
one  probably  more  than  2500°  l'\  Thir<i/i/,  An 
envelope  consisting  of  the  products  of  combustion, 
exterior  to  the  true  flame,  shining  simplv  as  an 
inchndescent  body,  and  its  hglit  ll';  the  most 
part  overpowered  by  the  brighter  portion  wiihin. 
by  the  aid  of  the  facts  thus  presented,  we  can 
easily  explain  the  nature  of  the  other  regional 
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divisions,  distinguishable  in  sucli  a  flame.  There 
must  be  a  blue  portion  below;  blue,  because  it 
consists  of  the  most  refrangible  raj'S,  which  issue 
forth  in  abundance,  for  there  the  exterior  air  is 
most  copiously  and  perfectly  applied.  At  the 
upper  end  of  the  flame,  particularly  if  the  wick 
be  long,  and  the  supply  of  combustible  matter 
abundant,  the  light  emitted  is  red;  for  the  pro- 
ducts of  combustion  ascending  past  that  part, 
make  it  difficult  for  the  exterior  air  to  get  access. 
— Upon  these  principles  we  may  also  predict 
what  colour  a  flame  will  have  when  we  vary  the 
circumstances  of  its  burning.  Tallow  or  wax 
at  temperatures  greatly  beneath  their  usually 
understood  point  of  combustion,  oxidize  with  a 
pale  violet  ])hosphorescent  light,  quite  perceptible, 
nevertheless,  in  a  dark  room,  and  here  the  light 
is  violet,  for  the  supply  of  combustible  matter  is 
small,  and  that  of  the  air  abundant.  The  oxida- 
tion is  therefore  thorough  and  promjjt.  For  a 
like  reason,  sulphur,  as  we  commonly  see,  burns 
blue  ;  but  if  a  piece  of  it  is  thrown  into  nitrate  of 
potash  ignited  in  a  crucible,  the  light  yielded  is 
of  intolerable  brilliancy,  and  absolutely  white.  Its 
whiteness  does  not  depend  upon  the  physiological 
fact,  that  any  colour,  if  it  be  intensely  brilliant, 
will  seem  white  to  the  eye;  but  it  is  optically 
white,  as  is  proved  by  prismatic  examination, 
when  all  the  colours  are  perceptible.  And  the 
reason  of  this  is,  that  at  the  high  temperature  to 
which  the  sulphur  is  exposed,  it  volatilizes  faster 
than  the  nitrate  of  potash  and  air  together  can 
oxidize  it,  and  offers  every  intermediate  rate  of 
combustion,  and  emits  rays  of  every  refrangibility. 
— In  like  manner  it  may  be  shown  that  carbonic 
oxide  must  burn  with  a  blue  flame,  and  cynanogen 
with  a  red.  We  can  also  foresee  what  must  be 
the  optical  result  of  resorting  to  unusual  methods 
of  combustion,  as  when  we  throw  into  the  inte- 
rior of  a  flame  a  jet  of  air  from  a  blowpipe.  In 
this  case  we  destroy  the  red  and  orange  strata, 
replacing  them  by  bluer  colours.  Examining  such 
a  blowpipe  cone  by  the  prism,  we  have  a  beautiful 
demonstration  that  such  has  actually  taken  place. 
There  is  one  of  these  special  cases  which  deserves 
attentive  consideration  in  connection  with  the  ap- 
pearance of  the  electric  light ;  it  is  the  production 
of  Frauenhoferian  lines,  when  things  have  been 
arranged  in  such  a  way  that  an  incombustible 
material  is  i)resent  in  the  substance  to  bo  burnt. 
This  state  is  perfectly  represented  in  the  case  of 
cyanogen,  which  contains  more  than  half  its 
weight  of  incombustible  nitrogen.  When  the 
peach  coloured  nucleus  of  the  cyanogen  flame  is 
properly  examined,  it  yields  a  series  of  dark  lines 
and  siiaces,  exceeding  in  number  and  strength 
those  of  the  sun-liglit  itself.  These  fixed  lines 
are  the  representatives  of  dark  shells,  superposed 
among  the  shining  ones  with  definite  periodicity. 
In  such  a  cyanogen  flame  they  bear  no  relation 
to  the  burning  of  the  carbon,  but  must  be  attri- 
buted to  the  disengagement  of  the  nitrogen.— 
In  other  casea  dark  lines  are  replaced  by  bright 
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ones,  as  in  the  well  known  instance  of  the  electric 
spark  between  metallic  surfaces.  The  occurrence 
of  lines,  whether  bright  or  dark,  is  hence  con- 
nected with  the  chemical  nature  of  the  substance 
producing  the  flame.  For  this  reason  they  merit 
a  much  more  critical  examination  than  has  yet 
been  given  them ;  for  by  their  aid  we  may  be 
able  to  ascertain  points  of  great  interest  in  other 
departments  of  science.  Thus,  if  we  are  ever 
able  to  acquire  certain  knowledge  respecting  the 
physical  state  of  the  sun  and  other  stars,  it  will 
be  by  an  examination  of  the  light  they  emit. 
Even  at  present,  by  the  aid  of  the  few  facts 
before  us,  we  can  see  our  way  pretty  clearly  to 
certain  conclusions  respecting  the  sun.  For, 
since  substances  which  are  incandescent,  or  in 
the  ignited  state  through  the  accumulation  of  heat 
in  them,  show  no  fixed  lines,  their  prismatic 
spectrum  being  uninterrupted  from  end  to  end,  it 
would  appear  to  follow  that  the  luminous  condi- 
tion of  our  sun,  whose  light  contains  fixed  lines, 
cannot  be  referred  to  such  incandescence  or  igni- 
tion. At  various  times  those  who  have  studied 
this  subject  have  offered  different  hypotheses : 
one  regarding  the  sun  as  a  solid  or  perhaps 
liquid  mass  in  a  condition  of  ignition ;  another 
considering  the  light  to  be  electrical ;  a  third 
supposing  it  to  be  the  seat  of  a  fierce  combus- 
tion. Of  such  hypotheses  there  is  sound  reason 
for  declining  the  first.  Prismatic  analysis, 
which  demonstrates  no  re«emblance  between 
the  light  of  the  sun  and  that  of  any  form  of 
electric  discharges  with  which  we  are  familiar, 
enables  us  in  like  manner  to  reject  the  second ; 
and,  upon  the  whole,  facts  seem  most  strongly  to 
prepossess  us  in  favour  of  the  third,  in  artificial 
combustions  similar  fixed  lines  being  observed. 
If  such  is  to  be  regarded  as  the  physical  condi- 
tion of  the  snn,  we  can  no  longer  contemplate  it 
as  an  immense  mass,  slowly  and  tranquilly  cool- 
ing in  the  lapse  of  countless  centm'ies  by  radia- 
tion into  space,  as  so  many  considerations  drawn 
from  other  branches  of  science  have  hitherto  led 
us  to  suppose;  but  it  must  be  regarded  as  the 
seat  of  chemical  changes  going  on  upon  a  pro- 
digious scale,  and  with  inconceivable  energy. 
If  the  law  designated  above,  that  the  more  ener- 
getically the  chemical  action  in  combustion  the 
more  refrangible  the  emitted  light,  be  trans- 
lated into  the  conceptions  of  the  undulatory 
theory,  it  not  only  puts  us  in  possession  of  a 
distinct  idea  of  the  manner  in  which  the  com- 
bustive  union  of  the  bodies  is  accomplished,  the 
quickness  of  vibration  increasing  with  the  chemi- 
cal energy,  but  it  also  enables  us  to  transfer  for 
the  use  of  chemistry  some  of  the  most  interesting 
numerical  determinations  of  optics. 

Flexion :  Flcxiirr.  A  subject  of  utmost 
practical  importance,  and  which,  alike  from  the 
point  of  view  of  Theory  and  Experiment,  has 
recently  engaged  the  attention  of  our  best  Phy- 
sicists and  Engineers.  The  Physical  fact  con- 
tained in  the  phenomenon  of  Flexion  is  the  fol- 
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Inwinp;* — If  a  beam,  of  any  material  or  form.  1*3 

liiadeil,  the  beam  bends,  and  the  two  auifiices 
[ake  on  opposite  curvatures,  tiie  one  convex,  the 
other  concave;  the  particles  of  the  solid,  at  the 
convex  portion,  iiave,  through  effect  of  this  flexure, 
been  in  so  far  separated  from  each  other ;  the 
particles  at  the  concave  surface,  on  the  other 
hand,  have  been  forced  nearer  each  otiier;  and 
l  etweeu  the  two  surfaces,  there  is  a  line  of  no 
iisturbance,— which  line  passes  through  the 
entre  of  gravity  of  all  transverse  sections  of 
:he  beam.    The  mathematical  theory  of  Flexion 
-tarts  from  the  basis,  or  datum  of  this  Line  of 
\'o- disturbance. — We  owe  the  foundation  of  the 
xperimental  portion  of  the  subject  to  M.  Charles 
I  lupin,  who  early  established  the  following  laws. 
Ml  other  things  being  equal,  the  flexion  of 
-  >lid  beams  placed  on  two  supports,  and  loaded 
It  their  middle  point,  are,  (1.)  proportional  to  the 
:  xids  they  support;  (2.)  in  the  inverse  ratio  of  the 
,  product  of  their  bread/ks,  and  the  cube  of  their 
•  depl/is;  and  (3.)  proportional  to  the  cube  of  the 
i  distance  between  the  two  supports ; — to  which 
-  he  added  another  law,  viz. :  that  the  flexure 
produced  bya  load  uniformly  distributed,  is  5-8ths 
of  that  due  to  the  same  load  placed  in  the  middle 
of  the  beam.    These  laws  may  be  conveniently 
expressed  in  formulae.     Let  'us  take  as  an 
: example  two  different  prismatic  pieces  of  the 
-same  wood,  placed  on  two  supports,  and  loaded 
:ia  the  middle,  and  let — 

(1.)  /,  a,  b,  2p,  and  2c,  represent  the  flexure, 
i.ihe  breadth,  the  thickness  or  depth,  the  load,  and 
ttthe  distance  between  the  supports  in  case  of  the 
iifirst  piece ; 

(2-)  /',  a',  b',        and  2c',  similar  quantities 
for  the  second  piece ; 
.  (3-)  f,  the  flexion  of  a  piece  whose  section  and 
^idistance  between  the  supports,  is  the  same  as 
that  of  the/7-s<  beam,  while  the  load  is  2  1"; 
and 

(4  )  fs  the  flexion  of  a  piece,  where  the  load 
is  2p',  the  distance  between  the  supports  2c, 
^the  breadth  o'  and  the  thickness  b' ;— then  wc 
iishall  have 
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ture — called  the  danrjermis  section;  the  depen- 
dence of  Flexure  and  Fracture  on  the  nature  of 
tlie  material,  and,  above  all,  their  dependence  on 
the  /WTO  of  the  beam.  Tiie  student  who  desires 
a  satisfactory  acquaintance  with  the  whole  sub- 
ject, is  referred  to  an  excellent  and  instructive 
volume  by  General  Morin,  entitled  Resistance  de 
Materiaux;  and  to  the  vast  and  varied  experi- 
mental researches  of  Barlow,  Hodgkinson,  Willis, 
and  Fairbairn.  The  investigations  of  Mr.  Fair- 
bairn  especially,  which  led  to  the  construction  of 
the  immense  tubular  bridge  at  Menai,  will  ever 
be  accounted  classical  in  reference  to  one  depart- 
ment of  this  inquiry,  and  may  be  said  to  have 
eflfected  a  Eevolution  in  Bridge  Engineering. 
See  Transactions  of  British  Association,  passim  ; 
and  Elasticity  and  Heat. 

Ii"lcxnre,  Contrary*  A  curve  is  said  to 
have  a  point  of  contrary  flexure,  at  the  point 
where  it  changes  its  character  of  concavity  or 
convexity  towards  any  given  line  without.  This 

point  occurs  where  ^  (the  diflferential  of  the 

tangent  of  inclination  of  cun^e  to  axis)  changes 
its  sign.  It  may  do  so  through  either  0  or  a. 
Hence  the  roots  of  the  two  equations 
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:  0,  and  d"^  1/  =0, 
dx^ 
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fhose  propositions,  however,  contain  only  the 
'rst  elements  of  a  subject  which  is  now  as  ex- 
ensive  as  important.  Questions  immcdiatclv 
irise  concernmg  tlie  amount  of  strain  or  load  wliich 
iroUuco  fracture;  the  point  or  section  of  Frac- 
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are  to  be  examined  for  values  which  will  give 
such  a  change,  and  these  values,  when  found, 
will  correspond  to  a  point  of  contrary  flexure. 

Floater.  A  contrivance  indicating  the  height 
of  level  of  a  fluid  in  a  vessel,  whose  depth  we 
cannot  at  the  time  directly  examine.  A  body 
floating  in  the  fluid  bears  an  index,  whose  posi- 
tion may  be  read  off,  on  a  scale  reaching  from  the 
bottom  of  the  vessel.  There  are  various  con- 
trivances for  eflxjcting  this.  These  indications 
are  often  of  extreme  importance,  as  in  the  case  of 
the  boilers  of  steam  engines. 

Flora.  One  of  the  Asteroids.  For  Elements, 
&c.,  see  Asteroids. 

FItiiii.  A  term  apjilied  to  tliose  bodies  whose 
particles  possess  perfect  mobility  among  them- 
selves, so  that  any  force  applied  to  the  body,  and 
not  resisted,  will  produce  a  change  of  shape. 
Tliere  are  certain  bodies  whicli  are  called  semi- 
fluids,  where  a  very  little  force  applied  will  pro- 
duce such  a  cliange.  In  the  fluid  proper,  tiie 
uniting  and  separating  forces  are  considered  to 
be  quite  balanced.  See  Liquids  and  Vapours. 
See  also  Elasticity,  and  Huat,  sec.  12. 

FInxions  {technical).  When  the  difTerential 
calculus  was  introduced,  it  was  under  tliis  more 
general  form,  —  suppose  that  a  quantity  a;,  in- 
creases uniformly,  required  tiie  corresponding  in- 
crements of  / (.t).  In  tliis  general  form  it  was 
found  difficult  of  solution,  and  not  so  valuable. 
And  so  tlio  after  question  arose: — Required  tho 
ratio  of  the  incrcmeuts  of  /(a;)  and  a;,  when  tliu 
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increment  of  the  latter  becomes  indefiniteU'  small. 
The  form  ia  which  the  problem  was  originally 
stated  involved  the  notion  of  velocity.  The 
small  increment  of  x  was  marked  thus"  x',  and 
[calling  /'(.t)  = ;/]  the  corresponding  increment 
of  y  was  y".  Newton  called  x  and  1/  flowing 
quantities  or  fluents, — from  his  original  connec- 
tion of  the  general  notion  of  increments  with  that 
of  velocity,  lie  called  x  and  y',  inversely,  the 
fluxions  of  those  quantities.    See  Cauiulijs. 

Fly  WJuccl.  In  employing  the  power  of 
nature  to  supply  the  wants  of  man,  we  frequently 
find  ourselves  in  possession  of  a  power  whicli  acts 
unevenlji  when  our  wants  can  only  be  comjiletely 
satisfied  by  one  acting  eveni;/.  Sometimes,  again, 
our  power  may  be  quite  constant,  but  the  work 
to  be  done  b}'  it  varies  from  point  to  point,  so 
that  the  same  requirement  recurs;  The  fli/ioheel 
is  an  instrument  for  the  equalization  of  the  power 
and  resistance,  and  the  consequent  economy  of  the 
power,  along  Avith  tlie  needed  regularity  of  the 
machine.  It  consists  simply  of  a  large  wheel 
attached  to  tlie  machinery  and  moving  with  it. 
This  makes  the  macliinery  slower  in  mo\  ing  at 
first,  because  more  work  lias  to  be  given  by  the 
jiower  to  the  machine,  to  overcome  tlie  total  re- 
sistance with  so  great  an  added  weight.  It  will 
also  make  it  slower  in  stopping,  because  the 
machinery,  once  set  in  motion,  tends  to  continue 
in  motion  with  so  much  the  more  violence,  the 
more  work  has  been  given  to  it.  Now,  during 
motion,  when  a  cessation  of  power  for  a  moment 
occurs,  this  allows  the  machine  to  move  on  nearly 
the  same.  The  difference  of  the  presence  or  ab- 
sence of  the  power  for  a  moment  is  something; 
but  then  it  has  to  be  subdivided  and  distributed 
over  the  Avhole  heavy  macliinery,  and  so  produces 
very  little  evident  difl'erence  of  motion.  "When, 
again,  a  greater  force  than  usual  acts  for  a  mo- 
ment, the  effect  is  something  of  the  same  sort. 
There  is  an  increase,  but  a  very  slight  and  scarce 
perceptible  one,  of  speed.  It  is  evident  also,  that 
the  increase  or  diminution  of  the  resistance  to 
motion,  due  to  the  effect  we  wish  produced,  will 
— just  as  these  increases  or  diminutions  of  acting 
force — be  absorbed  in  the  fly  wheel;  and  as  these 
are  almost  always  in  actual  cases  cyclical,  the 
fly  Avhcel  enables  us  to  equalize  the  power  and 
the  resistance.  Its  power  to  do  so  is  proportional 
to  the  square  of  its  diameter. 

Foctis.  For  an  explanation  of  the  properties 
of  the  Focus  of  a  Lens  or  Mirror,  see  those 
articles,  and  those  on  Dioptrics  and  Catoitiucs. 
The  imncipal  focus  is  the  point  to  which  rays, 
falling  parallel  on  the  surface  very  near  the 
centre  of  the  lens  or  mirror,  actually  or  virtually 
converge.  Tlie  focus  of  a  lens  or  mirror  upon 
which  a  certain  series  of  rays  are  incident,  is 
similar,  that  to  which  they  actually  or  virtually 
converge. — The  foci  of  an  ellipse  are  those  two 
points  at  which  the  string  describing  the  ellipse 
may  be  supposed  fastened,  j  Any  two  lines  dniwii 
from  thcui  to  a  point  in  the  circumfereuce,  bas  e 
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their  sums  constant.  In  an  hyperhoh,  the  diflfer- 
cnce  of  two  lines  drawn  from  the  foci  to  any  point 
in  it,  is  constant.  In  a  parabola,  the  focus  is 
such  a  point  that,  a  line  drawn  from  it  to  any 
point  ill  the  curve,  is  eijual  to  a  perpendicular 
drawn  from  that  point  on  a  fixed  line,  called  the 
directrix.  The  connection  between  the  geometri- 
cal and  optical  senses  of  the  word  focus,  will  bo 
readily  seen  by  reference  to  the  articles  on  Cat- 
opTuics  and  Dioitrics. 

Fo^s,  are  of  two  kinds, — the  first,  consisting  of 
precipitation  of  aqueous  vapour  near  the  surface 
of  the  Earth,  in  sufficient  amount  to  disturb  the 
transparency  of  the  Air;  and  secondly,  those  ap- 
parently anomalous  phenomena,  named  Dry  Fogs. 

(I  )  It  has  been  stated  under  article  Cloud, 
that  between  Clouds  and  Aqueous  Fogs,  there  ia 
only  a  circumstantial  difference; — the  Cloud  is  a 
Fog,  in  an  upper  stratum  of  the  Atmosphere,  and 
the  Fog  is  a  Cloud,  creeping  along  the  surface  of 
the  Earth  or  resting  there.  The  interest  belong- 
ing to  this  curious  Bydrometeor,  mainly  attaches 
itself  at  present  to  three  points,  as  follows:  — 
1.  In  regard  of  its  constitution,  every  Fog  is 
composed  of  small  opaque  bodies  which  turn 
out  minute  aqueous  spherules.  Many  of  these 
spherules  are  probablj'  microscopic  drops;  but 
for  the  most  part  they  are  hollow  vesicles  like 
soap-bubbles.  This  alone  explains  why  a  pure 
rainbow  is  never  observed  on  a  cloud,  although 
Cloud,  Sun,  and  Spectator,  are  in  the  relative 
positions  most  favourable  to  the  developmsut  of 
the  phenomenon ; — were  these  spherules,  in  the 
main,  drops  of  water,  a  rainbow,  under  the  fitting 
circumstances,  must  always  be  formed.  Compare 
Rainbow.  But  the  fact  in  question  can  be 
established  more  directly  in  several  waj-s.  For 
instance,  Kratzenstein  has  fettled  the  point  by 
positive  observation.  Every  one  who  has  watched 
a  soap-bubble,  must  have  seen  these  beautiful 
coloured  rays  that  develop  themselves  at  its 
highest  point,  as  the  aqueous  vesicle  grows  gradu- 
ally thinner.  See  Plates.  Now,  on  looking  at 
the  vesicles  rising  from  hot  water,  in  the  Sun, 
through  a  magnifying  glass,  this  Physicist  de- 
tected, that  very  System  of  Rings ;  not  onlj'  con- 
vincing himself  thereby  that  the  structures  are 
analogous  to  those  of  soap-bubbles,  but  obtaining 
elements  from  which,  as  a  basis,  he  could  deduce 
the  thickness  of  the  evanescent  envelope.  —  As 
already  mentioned  (see  Clouu),  these  vesicles 
var}'  in  diameter  according  to  the  season  of  the 
year;  attaining  their  greatest  magnitude  in  our 
northern  climates,  in  December  and  February, 
and  reaching  a  minimum  in  August  2.  The  cir- 
cumstances or  conditions,  under  which  Fogs  form, 
are  very  simjilc: — tliey  are  the  reverse  of  those 
that  give  rise  to  Dew.  The  latter  is  a  prcciiiita- 
tion  from  the  comparatively  warm  air,  on  the  sur- 
face of  the  cold gruwid;—u}  the  case  of  the  former, 
the  surface  from  which  the  vapour  rises  is  loarmtr 
than  the  air.  Imagine  an  extent  of  aqueous 
surface,  or  of  moist  marshy  ground  to  be,  fioui 
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liatcvcr  cause,  warmer  tlian  the  superincumlicnt 
!•.    Evaporation  will  necessurily  proceed  from 
J  hat  surface,  with  a  rapidity  deferiiiiiied  by  its 
e;emperature.    Sliould  tiie  siiperiiicunibeiit  air  be 
>3xtremely  dry,  the  aqueous  vapour  will  difi'use 
;-.tself  through  it,  up  in  a  certain  point,  iu  I  lie  form 
nf  pure  or  invisible  vapour,  and  there  will  be  no 
Tog.    The  extreme  limit  to  such  dift'usion  is 
Plainly  this, — so  soon  as  the  air  is  saturated,  in 
other  words,  so  soon  as  the  quantity  of  vapour 
within  it  becomes  so  large  that,  at  its  own  tem- 
ncrature,  it  can  sustain  no  additional  quantity  in 
;£he  form  of  pure  vapour — the  vapour,  still  arising 
from  the  warmer  surface  below,  cannot  diffuse 
itself  in  the  form  just  alluded  to,  and  must  be 
precipitated  as  it  arises.    To  the  formation  of 
Fot/s,  therefore,  there  are  two,  and  only  two 
:»sential  conditions,  viz.  a  moist  surface  warmer 
khan  the  superincumbent  atmosphere,  and  that 
irhe  atmosphere  itself  be  moist,  or  nearly  saturated 
livith  aqueous  vapour.    These  two  conditions  ex- 
•isting.  Fogs  are  inevitable;  and  the  greater  the 
excess  of  the  temperature  of  the  moist  surface 
iv)ver  that  of  the  saturated  air,  the  denser  and 
;iiiore  extensive  must  be  the  Fog.    It  is  well 
cnovvn  that  in  winter  the  surface  of  masses  of 
<rater  is  warmer  in  general  than  the  atmosphere. 
'From  the  first  of  November  to  tlie  first  of  March, 
:in  our  Latitudes,  the  air  is  colder  than  rivers, 
,.akes,  or  the  sea;  and  as  that  is  the  .season  of 
..he  year  when  the  Hygrometer  indicates  the 
nearest  approach  to  saturation  in  the  Atmosphere, 
t  is  easily  seen  why  that  also  is  pre-eminently 
-he  season  of  Fogs.    All  local  and  apparently 
inomalous  peculiarities  are  reducible  within  the 
■ame  law.    For  instance,  Kamtz  relates,  that  on 
ieeing  a  column  of  Fog,  rising  from  a  small  part 
■)f  a  field,  on  the  breaking  out  of  the  Sun  alter  a 
neavy  rain,  he  ran  to  the  spot  and  ascertained, 
;hat  the  s|)here  of  the  fog  was  a  mown  meadow, 
;mrrounded  b_v  pasturage  of  high  grass;  the  latter 
jeing  less  heated  than  the  mown  surface,  gave 
i-rise,  of  course,  to  a  far  less  active  evaporation.  In 
Switzerland  again,  such  lakes  as  tliose  of  Thun 
and  Brieniz,  are  often  quite  clear,  while  the 
leiglibouring  lakes  ofZur/,  Zurich,  and  Nmcliatel, 
"ire  covered  with  a  dense  mist :  the  reason  is,  that 
:he  latter  do  not  receive  such  streams  from  the 
glaciers,  as  feed  the  lake  of  Bricntz — its  tribu- 
'.ary  the  Aar  flowing  directly  from  the  eternal 
inows  of  [he  Grinsel. — The  extraordinary  density 
if  the  famous  London  Fogs — of  which  we  have 
requontly  tiie  counterpart  iu  Glu.it/oio — is  pcr- 
laps  referable  to  two  causes;  viz.,  the  great  and 
ixccplional  surface  temperature  due  to  the  prc- 
'ence  of  an  immense  city,  and  tiie  intermixture, 
ivith  the  aqueous  preciiiitation,  of  an  immense  do- 
?clopment  of  smoke.    In  so  far  as  they  contain 
diis  latter  element,  such  mists  partake  of  the 
-•haracler  of  Dry  Foi/s  —  3.  The  phenomena  of 
Fogs  have  been  connected  with  the  Klectric 
I'orces,  by  M.  Pelt  er,  in  one  of  those  memoirs 
■vhich  may  be  said  to  be  still  uaclor  consideration 
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of  Physicists.  The  TIj  dronieteors  in  question  are 
divided  by  this  inquiry  into  two  chisses,  viz. 
Simple  or  non- Electric  Fogs,  whose  function  is 
due  solely  to  the  phenomenon  specified  above — 
the  reduction  of  the  temperature  of  the  air,  tlireo 
or  four  degrees  below  that  of  the  surface  of  the 
water  or  the  moist  ground,  — and  Electric  Fugs,  of 
which  Peltier  thinks  he  has  discerned  four 
varieties.  The  fundamental  principle  of  M.  Pel- 
tier's researches  is  this : — dissenting  from  Pouillet 
and  others  who  discern  in  the  act  of  Evaporation 
a  cause  of  development  of  the  Electric  Forces,  he 
considers  the  development  and  relation  of  Atmo- 
spheric vapours,  as  largely  owin^  to  the  opposite 
Electric  states  of  the  Earth  and  Atmosphere,  and 
alwaj'S  modified  by  the  degree  of  that  polar  op- 
position. The  supposed  effect,  he  deems  an  effi- 
cient cause.  The  Earth  being  negative,  all  va- 
pour rising  from  it  must  be  negative  also ;  and, 
when  the  negative  or  resinous  tension  is  powerful, 
Peltier  insists  that  Evaporation  must  proceed 
with  great  rapidity,  inasmuch  as  the  vaporous 
particles  will  be  propelled  upwards  with  an  aug- 
mented force.  In  tropical  regions,  for  instance, 
wiiere  the  tension  of  the  Telluric  and  Atmospheric 
Electric  Forces  is  very  gi-eat,  the  natural  stream 
of  Evaporation,  must  be  greatly  facilitated,  if  not 
increased  by  this  cause;  and  as  the  stream  of 
tropic  vapour  converts  itself  into  a  great  stream 
from  Equator  to  Pole  in  the  higher  regions  of 
the  air,  we  must  expect  to  find  there  a  compara- 
tively permanent  stratum  of  negative  or  resinous 
force.  As  to  Fogs,  the  following  is  a  resume  of 
Peltier's  views: — "It  would  seem  t\\sX  resinoiLs 
fogs  should  be  the  more  numerous,  because  as 
the  terrestrial  globe  is  a  body  charged  with  re- 
sinous electricity,  the  vapours  that  rise  from  it 
are  resinous  like  itself.  This  species,  however,  is 
not  common ;  the  cause  of  transformation  in  the 
signs  of  the  electricity  is,  in  the  vexy  law  itself 
of  electrical  induction.  The  earth  repels  the 
resinous  electricity  toward  the  higher  strata,  and 
thus  renders  the  stratum  that  is  nearest  to  the 
ground  vitreous.  In  order  that  such  a  fog  may 
remain  in  contact  with  the  surface  of  the  globe, 
it  is  necessary  that  another  power  should  have  a 
preponderance  over  the  repulsion  of  the  earth,  or 
that  this  terrestrial  repulsion  should  be  reduced 
by  a  similar  force,  acting  in  the  contrary  direc- 
tion. Tlie  former  efi^ect  is  produced  by  the  spe- 
cific gravity  which  clouds  sometimes  acquire; 
and  the  latter,  by  the  repulsive  power  of  the 
highly  resinous  upper  strata.  Eosinous  fog.s, 
l)rodiiced  by  these  two  causes,  are  distinguisiied 
by  particular  qualities,  which  divide  them  into 
two  difierent  species. — "  Vitreous  fogs  are  also  of 
two  species,  wliich  present  very  distinct  results. 
Tiie  first  is  that  which  occurs  under  a  serene  sky, 
without  any  other  electric  influence  than  that  of 
the  globe.  This  species  has  its  lower  portion.s 
more  vitreous  tliaii  the  upper,  and  thoy  aro 
powerfully  attracted  by  the  globe.  The  oilier 
species  is  that  which  is  formed  under  Ihc  iuilucncK 
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of  the  masses  of  highly  resinous  vapours,  which 
prevail  in  the  upper  strata.  Tiiis  latter  has  its 
upper  portions  more  vitreous  than  the  lower." — 
The  whole  of  these  speculatians  arc  involved  in 
the  obscurity  still  surrounding  every  question 
connected  with  Atmospheric  Electricity,  and  the 
efficient  cause  of  Evaporation.  It  is  impossible, 
however,  to  deny  the  credit  to  Peltier,  of  having 
regarded  the  subject  under  a  novel  and  far  from 
an  unnatural  point  of  view. 

(II.)  Dry  Fogs. — Atmospheric  meteors,  which, 
— although  they  do  not  affect  the  Hygrometer,  or 
in  any  way  indicate  moisture — have  yet  the  ob- 
scuring power  of  fogs,  are  frequent  in  certain  dis- 
tricts, have  now  and  then  in  a  way  apparently 
very  anomalous,  affected  large  spaces  of  the  Earth, 
and  are  said  to  occur  regularly  at  certain  seasons 
of  the  day  in  various  countries.  1.  A  dry  fog  is 
periodical,  or  recurrent  with  the  season  of  the  year, 
over  a  very  extensive  district  of  North  Germany. 
Accurate  observation  has  now  dissipated  the 
mj'Stery  that  long  concealed  the  cause  of  this 
meteor.  It  is  smolce  arising  from  those  vast 
burnings  of  the  peat  beds  occupying  so  much  of 
North  Germany,  which,  for  agricultural  purposes, 
are  annually  resorted  to.  The  district  within 
which  these  systematic  and  prolonged  fires  take 
place  is  immense ;  and  this  smoke  or  dry  fo(j  is 
carried  over  other  extensive  spaces,  whose  posi- 
tion depends  on  the  quarter  from  which  the  wind 
blows.  Every  feature  of  the  once  perplexing 
phenomenon  can  thus  be  explained:  the  same 
thing  on  a  small  scale,  is  observable  in  the  neigh- 
bourhood of  every  important  manufacturing  to^vn 
in  Great  Britain,  or  in  those  Irish  districts  where 
corresponding  agricultural  processes  have  been  in- 
troduced. 2.  But  phenomena  of  a  similar  kind, 
only  extending  over  much  vaster  areas,  and  quite 
independent  of  year  or  season,  are  also  on  record ; 
for  instance,  the  extraordinary  dry  fog  of  1783 — 
so  much  noticed  at  the  time, — extending  from 
Norway  to  Syria,  or  through  25°  of  Latitude, 
and  from  England  to  the  Altai,  or  over  120°  of 
Longitude.  This  extraordinary  fog,  so  often 
described,  as  colouring  all  things  blue,  and  re- 
markable liliewise  because  of  its  keen  and  acrid 
odour,  is  unquestionably  referable  to  clouds  of 
volcanic  ashes.  Earthquake  shocks  and  terrible 
volcanic  eruptions  shattered  the  old  world  in  that 
year,  from  Iceland  to  Calabria.  In  Calabria,  the 
entire  relief  of  the  country  was  changed ;  more 
than  a  hundred  mountains  were  torn  up,  over- 
thrown, and  transported ;  fifty  new  lakes  arose, 
because  of  the  blocking  up  of  rivers ;  and  more 
than  one  hundred  thousand  persons  were  de- 
stroyed. Direct  observations,  now  in  great  num- 
ber, have  establislied  that  volcanic  ashes,  from 
the  eruption  of  a  single  volcano,  are  often  carried 
to  great  distances,  and  that  as  they  drift  along, 
they  obscure  the  sui^  a)id  destroy  the  transpar- 
ency of  the  air.  Such  the  origin  of  the  terrible 
fog  of  1783 ;  and  every  other  similar  record,  con- 
nects itself  with  the  same  class  of  phenomena — 
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3.  The  last  sort  of  dry  fog,  consists  mainly  of  that 

dry  smoky  horizon  said  to  be  observed  in  different 
localities.  Its  origin  is  unknown  ;  but  we  must 
in  fairness  express  a  doubt,  whether  the  facts  re- 
garding it  have  been  established.  The  Ccdlinaot 
southern  Spain  is  perhaps  its  b&st  exemplification. 
It  first  appears  about  the  middle  or  end  of  June, 
constituting  all  round  the  horizon,  a  band  of 
bluish-gray  mist.  In  the  middle  of  August,  when 
the  temperature  has  reached  its  maximum,  the 
Callina  covers  about  a  quarter  of  the  whole  sky. 
At  the  horizon,  its  colour  is  then  a  reddish-lrown ; 
higher  up,  it  is  yellowish;  and  from  its  upper 
rim,  as  if  a  thin  gauze  of  lead,  seems  at  times  to 
spread  over  all  the  sky.  No  odour  belongs  to  it; 
and  the  traveller  never  knows  that  he  has  entered 
amid  the  curious  fog, — its  existence  is  revealed 
solely  by  the  aspect  of  distant  objects.  Towards 
the  end  of  August,  the  Callina  becomes  less  re- 
markable, and  disappears  wholly  about  the  be- 
ginning of  October,  or  at  the  autumnal  equinox. 
— It  may  be  remarlced,  without  injustice  to  ob- 
servers, that  it  is  bj'  no  means  established,  that 
this  Callina,  and  other  similar  aspects,  have  no 
eiTl'ct  on  the  Hygrometer,  or  that  they  are  dry 
fogs.  More  delicate  mstruments,  such  as  those 
now  in  use,  will  probably  reveal  characteristics 
of  them  in  this  respect,  hitherto  unsuspected,  and 
capable  of  throwing  light  on  their  origin. 

Force,  in  mechanics,  means  an  action  be- 
tween a  pair  of  bodies,  which  changes,  or  tends  to 
change,  their  relative  condition  as  to  rest  or  mo- 
tion. By  an  extension  of  the  term  "  force"  to  other 
branches  of  physical  science,  it  is  used  to  denote 
any  action  between  a  pair  of  bodies  which  changes, 
or  tends  to  change,  any  physical  relation  betweea 
them,  whether  mechanical,  thermal,  chemical, 
electrical,  magnetic,  or  of  any  other  kind. — 
Forces  are  comjiared  in  magnitude,  and  expressed 
as  quantities  in  three  ways,  which  may  be 
reduced  to  two  : — 1.  The  Statical  Measurement 
of  Forces  is  founded  upon  balancing  two  or  more 
of  them  against  each  other,  so  that  their  effect  is 
null.  Two  forces  which  balance  each  other  are 
said  to  be  equal  and  opposite;  two  equal  and 
similar  forces  combined  require  a  third,  opposite 
and  of  double  magnitude,  in  order  to  balance 
them,  and  so  on.  Jlechanical  forces,  as  thus 
measured  statically,  are  represented  in  magnitude  . 
and  direction  by  straight  lines;  and  tlie  line 
representing  the  resultant  of  any  number  of  forces, 
is  found  bj'  putting  together  tlie  lines  represent- 
ing the  component  forces,  and  joining  the  extre- 
mities of  the  compound  line  so  formed. — 2.  The 
Dynamical  Measuremeiit  of  a  Force,  in  mechanics, 
is  effected  by  finding  the  change  of  velocity  which 
it  produces  while  acting  unbalanced,  during  a 
unit  of  time,  upon  a  body  whose  mass  is  unity. 
It  is  known  by  experience  that  the  results  of  thiS 
and  of  the  preceding  method  of  measurement 
agree.  The  common  Britisli  unit  of  force  is  the 
pound  avoirdupois,  being  the  weight  in  vacuo  of 
a  certain  piece  of  platinum,  which  is  kept  in  the 
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"xchequer  office.    The  British  absolute  unit  of 
1  ce  is  the  force  which,  acting  unbalanced  for  one 
cond  upon  a  mass  which,  in  London,  weigiis 
111  grain,  or  yj^j-  pound  avoirdupois,  produces 
11  that  mass  a  velocity  cf  one  foot  per  second. 
This  unit  is  about  -j-j.ij-  of  a  grain. — 3.  The  third 
.>de  of  measurement  takes  into  account  not  only 
lie  magnitude  of  a  force,  as  determined  by  the 
.rirst  and  second  methods,  but  the  magnitude  of 
khe  change  throughout  which  that  force  con- 
iiinues,  or  is  capable  of  continuing,  its  action ; 
uind  the  product  of  those  two  magnitudes  gives 
1  quantity  which,  by  some  writers,  is  called 
tTorce,  or  Living  Force,  and  by  others,  in  order 
ito  avoid  ambiguity.  Energy.    When  the  magni- 
iCude  of  the  force,  measured  statically,  is  variable, 
!  t  is  to  be  understood  that  the  mean  value  of  that 
imagnitude  is  the  factor  by  which  the  magnitude 
af  the  change  is  to  be  multiplied ;  or,  what  is  the 
jame  thing  in  other  words,  that  the  energy  is  the 
■integral  of  the  force  with  respect  to  the  change 
Uhroughont  which  it  acts,  or  is  capable  of  acting. 
IThe  British  unit  of  energy  is  a  force  of  one 
^pound  avoirdupois  weight,  acting  through  a 
Idistance  of  one  foot,  and  is  called  a  foot-pound. 
— There  ai'e  different  forms  of  energy,  according 
■xo  the  kinds  of  force  and  of  change  by  which  the 
energy  is'  constituted.    Those  forms  are  distin- 
guishable into  two  classes — potential  energy, 
MA'hich  is  constituted  by  a  force  capable  of  acting 
hroughout  a  certain  change  of  condition ;  and 
nactual  energy,  which  consists  in  a  state  of  change 
;i?oing  on.    The  following  are  examples  of  parti- 
cular forms  of  energy  :— The  potential  energy  of  a 
jaair  of  bodies  which  attract  each  other,  is  the 
imtegral  of  their  attraction  with  respect  to  the 
(iilistance  between  their  surfaces ;  or,  what  is  the 
uame  thing,  the  product  of  that  distance  into 
lAeir  mean  attraction  throughout  that  distance. 
— The  actual  energy  of  a  system  of  bodies  mov- 
ing with  given  velocities,  relatively  to  their 
•loramon  centre  of  gravity,  is  the  sum  of  the 
nroducts  of  the  mass  of  each  body  into  the  half- 
iiquare  of  its  velocity'. — The  potential  energy  of 
I  pair  of  substances  which  tend  to  combine 
.:hemically,  is  the  product  of  the  weight  of  the 
iompound  which  they  tend  to  form  into  a  specific 
ionstant,  depending  on  the  nature  of  the  sub- 
itances. — The  actual  energy  of  heat  in  a  hot 
•>ody  is  the  product  of  its  weight,  x  its  absolute 
temperature,  x  its  real  specific  heat,  x  a  con- 
'itant,  called  "Joule's  Equivalent."   (See  Heat, 
'«Iechanical  Action  of.)— The  actual  energy 
!  if  an  electric  current  is  the  product  of  the  square 
if  the  strength  of  the  current  into  the  resistance 
I  >f  the  circuit.— If  the  meaning  of  the  word/orce 
•jere  to  be  extended  to  all  combinations  of  forces, 
t  would  also  comprehend  couples.    A  couple 
:on8ists  of  a  pair  of  equal  and  parallel  forces, 
'pposite  m  direction,  but  not  directly  opposed, 
ipplicd  to  one  body,  or  connected  'svstem  of 
■lodies.  Ihe  tendency  of  a  couple  is  to  make  the 
-)otly  or  system,  to  which  it  is  applied,  turn  about 
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in  the  plane  of  the  lines  of  action  of  the  pair  of 
forces ;  and  tlie  magnitude  of  that  tendency 
(which  is  called  a  statical  moment)  is  measured 
by  the  rectangle  of  the  line  rei, resenting  the 
magnitude  of  either  of  tlie  forces,  and  the  per- 
pendicular distance  between  their  lines  of  action. 
A  couple  cannot  be  balanced  by  any  single  force, 
but  only  by  another  couple  in  the  same  or  a 
parallel  plane,  equal  in  moment  and  opposite  in 
direction,  or  by  a  combination  of  couples.  The 
word  force,  however,  is  never  employed  in  the 
sense  of  couple.    See  Couple. 

Force,  Conscrvntioii  of,  or  Consrrratioii 
of  Energy,  is  the  fact  that  energ}-,  as  defined 
in  the  preceding  article,  can  neither  be  created 
nor  destroyed,  but  only  transferred  and  trans- 
formed; in  other  words,  that  in  any  system  of 
bodies,  the  sum  of  the  potential  and  actual  energies 
of  the  bodies  is  never  altered  by  their  mutual 
actions.  This  fact,  or  physical  law,  has  been 
learned  by  experience ;  but  it  can  also  be  shown 
to  be  essential  to  the  permanent  existence  and 
order  of  the  known  universe. — In  mechanics,  this 
law  is  simply  equivalent  to  the  two  long-known 
principles  of  virtual  velocities,  and  of  the  conser- 
vation of  vis  viva.  As  to  its  application  to  other 
branches  of  physics,  see  Heat,  MECHANirAL 
Action  of;  Machine;  Thermo-Electricity; 
Thermo-IMagnetism  ;  also.  Grove  on  the  Corre- 
lation of  Physical  Forces ;  Eankine  on  ihe  Science 
of  Energetics  (in  Edinburgh  Philosophical  Jour- 
nal, 1855).  —  Besides  energy,  there  ai'e  two 
mechanical  magnitudes  which  are  constant  in  a 
system  of  bodies  acted  upon  by  their  mutual 
foi-ces  only,— viz.,  the  residtant  momentum  of  the 
system,  and  its  resultant  angular  momentum;  but 
these  qualities  are  purely  mechanical,  and  their 
conservation  in  the  mechanical  form  is  absolute 
under  all  circumstances,  being  a  necessary  con- 
sequence of  the  equality  of  action  and  reaction; 
so  that  they  do  not  connect  mechanics  with  other 
branches  of  physics,  as  the  quantity  called  energy 
does.  See  Centre  of  GuAViTr;  and  Areas, 
Conservation  of. 

Forecs,  Correlation  of,  is  the  term  used 
by  Mr.  Grove  to  express  the  fact,  that  every  kind 
of  physical  force  (in  the  sense  of  "energy")  may 
be  made  the  means  of  producing  every  o'her. 
(See  Force,  and  Forcf,  Conservation  of.) 

Fortilicatioii.  The  art  of  covering  an  army 
with  an  immovable  defence,  or  of  putting  a  piece 
of  ground  into  such  a  condition,  that  an  army 
behind  it  or  surrounded  by  it,  may  be  able  to 
resist  another  arm}'  of  superior  strength. — The 
character  of  such  artificial  fortification  must,  of 
course,  be  largely  modified  by  the  nature  of  the 
ground ;  and  it  has  also  necessarily  changed,  as 
the  modes  of  offence  or  attack  have  changed.  We 
cannot,  williin  tlie  limits  of  this  article,  touch  on 
the  history  of  this  art,  — the  grand  crisis  of  which 
naturally  altaciicd  il.self  to  tlie  invention  and  use 
of  gunpowder:  neither  shall  we  attempt  to  refer 
to  the  innumerable  vui-iutions  and  expedients, 
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which  peculiarities  in  tlie  contour  of  the  spot  he 
is  fortifying,  will  suggest  to  ever}'  good  officer  of 
engineers — A  general  notion  of  oin-  modern  for- 
tified enclosures,  will  be  obtained  fi  'oni  the  an- 
nexed drawing; — our  description  of  it  presup- 
poses a  certain  elementary  knowledge ;  nor  can 
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we  spare  room  for  more  than  a  statement  and 
criticism  of  princii)les.  The  main  line  a,  a,  a,  a 
(tig.  1),  is  a  parapet  of  no  great  elevation, 
sloped  by  earthworks,  to^^•ard9  a  ditch  b,  b. 
b,  b.  B  and  n,  &c.,  are  its  bastions,  and  out- 
side the  whole  is  the  ditch,  6,  b,  b.  Along 


.hese  bastions  are  embrasures  with  ordnance, 
whose  general  sweep  is  sufficiently  represented 
by  the  lines  of  shot.  The  exposed  and  weak 
part;  of  the  curtain  c,  is  always  defended  by 
an  exterior  triangular  work  beyond  the  ditch; 
viz.,  the  Ravelin  r.  Beyond  the  ravelin  are 
other  places  (Tarmes,  and  the  whole  terminates 
in  a  slope  or  glacis.  It  is  pretty  clear  that 
the  flanks  or  sides  of  the  Bastions  are  all  well 
defended  by  direct  Jive.  The  point  which  is  not 
and  cannot  be  so  defended,  is  the  salient  angle  of 
the  Bastion ;  and  it  is  there  accordingly  that  the 
breach  is  most  frequently  efi'ected  by  the  assault- 
ing force. — Let  us  next  glance  at  the  usual  mode 
of  attacking  a  place  so  fortified.  The  attacking 
army  makes  its  approaches  towards  the  first 
parallel  (which  is  usually  just  beyond  reach  of 
the  fire  of  the  fortress)  by  zig-zag  ditches  or 
trenches.  At  the  distance  determined  on,  the 
first  parallel  is  thrown  up,  as  in  the  subjoined 
cut  (fig.  2).  These  parallels  are  ditches,  with  the 
earth  dug  out  of  them  accumulated  in  front,  so 
as  to  form  a  sloping  earthwork,  little  liable  to  be 
seriously  disturbed  by  the  guns  of  the  fort,  and 
being  therefore  a  sufficient  protection  to  the  be- 
sieging troops.  On  the  edge  of  this  parallel,  at 
convenient  places,  batteries  are  established,  which, 
as  represented  \yt  the  cut,  ought  to  be  sufficient 
to  disable  the  artillery  of  the  defence,  and  which, 
in  practice,  quite  succeed  in  destroying  (he  edcct 
of  the  mora  advanced  aimameut  of  the  fortres.i. 


So  soon  as  this  is  accomplished,  another  zig-zag 
is  dug,  and  the  besiegers  establish  a  second  pa- 
rallel, from  which  the  fire  of  their  new  batteries 
is,  of  course,  much  more  destructive.  A  third 
parallel  succeeds,  from  which  a  practicable  breach 
is  made  without  difficulty;  and  if  the  garrison 
does  not  capitulate,  the  assault  follows.  The 
drawing  makes  it  sufficiently  manifest,  how  cer- 
tain of  the  more  distant  batteries  are  employed 
to  enfeeble  the  flanks  of  those  ravelins  and  bas- 
tions, that  would  play  with  more  deadly  efiect 
on  the  works  of  the  advanced  parallels.  It  is,  of 
course,  understood  that,  all  the  while,  murderous 
shells,  and  a  vertical  /ezt  d'en/er,  have  been  sadly 
thinning  the  ranks  of  the  garrison,  however  pro- 
tected by  casemates  On  a  cursory  glance  at 

the  condition  of  this  great  mechanical  conflict  (for 
such  it  is),  two  general  considerations  of  primary 
importance  present  themselves.  First.  In  order 
to  secure  success  on  the  part  of  the  besiegers,  it 
is  necessary  that  the  force  of  the  garrison,  and 
its  amount  of  available  viateriel,  oe  limited. 
Should  its  power,  or  its  means  of  supply  b« 
such,  that  the  breaches  made  each  day  by  the 
batteries  of  the  first  parallel,  can  be  i-ejiaircd  dur- 
ing night,  and  the  disabled  guns  replaced  inde- 
finitely by  fresh  ones,  it  is  not  difiicult  to  see  that 
the  advance  of  the  besiegers  may  be  impeded  also 
indefinitely,  and  the  capture  of  the  fortress  be- 
come impossible.  These  conditions,  of  course, 
never  do  occur  in  the  case  of  a  thoroughly  iu- 
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^  rested  or  beleaguered  fortress ;  but  they  did  occur 
at  Sebaslopol.  The  siege  of  ihat  powerful  arsenal 
I'was  far  less  a  regular  siege,  (iian,  as  Lord  Pal- 
rraerston  justly  described  it— a  struggle  between 
t  the  entire  might  of  Ihissia  at  one  extremity  of 
ii  its  dominions,  and  tlie  might  of  the  Allied  Powers 
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at  a  point  removed  by  two  or  three  thousand 
miles  from  its  centre.  And  the  result  depended 
as  much  on  the  ability  of  the  several  belligerents 
to  put  forth  their  full  or  disposable  strength  at 
that  particular  point,  as  on  tlic  absolute  v>ei(//U  ot 
that  strength,    liussia  effected  mai'vels;  but  she 
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i-had  her  arsenal  prepared ;  she  was  resisting  an 
I'.lnvasion ;  and  her  military  system  had  been  labo- 
'riously  constructed  with  a  view  to  such  exigen- 
icies.  The  Allies— especially  Great  Britain— had 
■'.[he  advantage  of  no  such  preparation ;  and  the 
^■issue  of  this  partial  conflict  ought  to  leave  no 
3oubt,  as  to  the  potential  result  of  the  terrible 
strife  now  agitating  Europe — But,  seconclli/,  the 
u3uperiority  of  the  besiegers  depends  on  this— care 
'Iheij  esluUish  their  first  batteries?  If  the  fire  of 
the  fortress  can  be  concentrated  on  any  given 
point,  with  suflRcient  force  to  hinder  the  estab- 
<lishment  of  a  battery  there,  no  effective  ap- 
'rproach  can  possibly  be  made.  The  range  of  the 
rordnance  of  a  fortress  may,  of  course,  be  always 
«qnite  as  great,  as  that  of  any  probable  besieging 
•irain ;  the  question,  therefore,  is,  as  to  the  ability 
»  concentrate  its  fire.  A nd  here  is  the  weak  part 
)f  the  bastion  or  modern  fortification  system.  It 
a  a  maxim  in  this  system  that  the  bastions  be 
ow;  on  whicli  account  tliey  carry  onlv  one  tier  or 
•ange  of  guns.  The  lowness  of  the  bastion  wall, 
3  dictated  by  the  necessity  that  no  wall-face  be 
ixposcd  to  the  hostile  batteries;  no  such,  indeed, 
»uld  stand  the  shock  of  a  modern  battery  for  an 
lour.—witness  the  speedy  destruction  of  tiie 
iigh  walls  of  the  MALAKon-,  by  the  first  and 
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comparatively  feeble  bombardment  of  the  Allies. 
But  this  advantage  is  secured  by  the  immense 
sacrifice  that  the  opposing  batteries  can  be  acted 
on  by  only  one  tier  of  guns,— a  disadvantage 
whose  magnitude  must  be  patent  to  any  one  who 
chooses  to  compare  the  shot  of  an  ordinary  ship, 
with  the  terrific  broadside  of  a  three  decker. 
There  is,  however,  another  great  disadvantage  as 
to  the  defence  of  a  modern  bastion :  it  is  this, — 
the  guns  being  placed  along  a  line,  and  the  em- 
brasures being,  for  security,  necessarily  narrow, 
the  concentration  of  much  of  their  fire  on  a  dis- 
tant point  is  utterly  impossible.  And  in  theso 
two  circumstances  lies,  at  the  present  moment, 
the  great  superiority  of  besiegers.  In  such  a 
conflict  as  that  which  has  terminated  at  Sebasto- 
pol,  the  besiegers  had  no  such  advantage.  From 
the  nature  of  the  ground,  the  indefinite  supply  of 
labour  and  materiel  at  conmiand  of  the  Russian 
army,  it  was  not  difficult  to  meet  battery  by 
batterj'-,  nay — with  all  allowance  from  what  is 
due  to  tlio  genius  of  Todi.kuicn — it  is  easy  to 
see,  that  the  besieger  could  in  no  case  expect  aid 
from  the  operation  of  circumstances  usual  in 
sieges:  so  tJiat,  again,  this  was  not  a  siege,  but 
a  conflict  of  Empires.  We  doubt  not  that  when 
its  history  shall  be  fully  written,  it  will  be  found 
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that  the  F.ngincers  and  y\rtillery  of  the  two 
Allied  Armies  have  well  performed  their  duty. — 
Such  being  the  defects  of  the  Bastion  System, 
the  momentous  question  arises, — can  they  he  re- 
moved? Ts  it  not  possible  to  have  tiers  of  guns, 
without  high  and  destructible  parapets?  And, 
with  all  its  advantages  as  to  flanking,  may  not 
the  rectilineal  arrangement  of  guns  be  supplanted 
by  some  curvilineal  arrangement,  that  will  per- 
mit very  largely  of  concentration  of  fire?  The 
Engineer  is  requested  to  glance  at  the  annexed 
sketch  of  a  foi't,  jiroposed  by  Mr.  Fergusson. 


The  general  idea  and  little  else  is  represented  by 
it ;  but  the  idea  may  be  carried  out  into  every 
detail  or  minute  ])art  of  a  fortress.  The  lower 
figure  is  the  ground  plan  ;  the  upper  the  relief. 
The  broad  ditch  is  in  this  case  supposed  filled 
with  water  from  a  neighbouring  river  or  coast. 
But  it  may  be  dry.  With  the  earth  obtained 
from  this  deep  and  broad  ditch,  let  a  mound  be 
framed  of  great  dimensions,  encircling  the  posi- 
tion to  be  defended ;  and  let  this  mound  be  cut, 
as  the  profile  shows,  into  a  succession  of  terraces 
(fig.  3).    On  each  terrace  is  a  rampart  with  its 
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Fig.  3. 


array  of  guns ;  and,  beneath,  the  casemates  and 
magazines.  The  power  of  concentration  of  fire, 
on  the  part  of  such  a  fortress,  against  any  ex- 
ternal point,  and  of  course  its  po^ver  to  render 
nearly  impossible  the  construction  of  anj--  efTec- 
tive  external  battery,  is  evident ;  nor  could  any 
great  city,  witli  adequate  internal  supplies,  thus 
fortified,  be  taken,  unless  after,  what  has  just 
occurred — a  trial  of  strengtii  between  Empires. — 
In  all  sieges,  the  element  of  Time  is  everything. 
If  a  groat  siege  is  prolonged,  it  must  be  relieved, 
or  the  confession  made  that  the  State  to  which  it 
belongs  is  defeated. — We  cannot  go  further  into 
detail  in  this  Dictionary:— it  is  enough  to  have 
laid  down  the  general  mechanical  conditions  that 
control  the  entire  sul)ject.  As  to  the  question 
recently  raised,  regarding  earthworks  and  parapet 
walls  of  mas(*nry,  we  refer  with  pleasure  to  two 
remarkable  papers,  understood  to  be  from  the  pen 
of  Sir  John  liurgoyne,  tliat  have  recently  ap- 
peared in  the  United  Service  Magazine.  —  See 


further,  the  Sieges  in  Spain^  by  General  Jone.'. 
The  military  student  will,  of  course,  resort  for  all 
technical  information  to  the  common  Avell  known 
works;  but  we  especially  request  the  attention 
of  all  thinking  engineers  to  the  remarkable  essay 
by  Mr.  Fergusson. 

Forfiiiia.  One  of  the  Asteroids.  For  Ele- 
ments, &c.,  see  A.STiiitoiDS. 

Frncturc.    See  Elasticity. 

Fraucnliofcr's  ]>iiics.  A  name  given  in 
honour  of  the  Physicist  who  first  thoroughly 
examined  them — (they  were  certainly  discovered 
hy  our  own  Wollaston) — to  a  singular  sj'stem 
of  vertical  dark  lines,  wliich  a  telescope  of  suffi- 
cient power  reveals  in  the  jirismatic  spectrum. 
This  spectrum,  it  is  well  known,  consists  of  seven 
colours,  which  are  very  noticeable,  viz.  red, 
orange,  yellow,  green,  hive,  purple,  and  violet. 
That  the  space  occupied  b_y  these;  does  not  ex- 
haust the  sphere  of  the  true  spectnim  as  we 
now  understand  it,  is  fully  explained  uuder 


SrECTRUM ;  nevei  tliolcss,  we  do  not  require,  at 
ii-ftsent,  to  overpass  the  limitJi  of  the  noticeable  or 
flight  spectrum  as  abo\e  defined.  As  already 
-tated  under  article  Disi'iiUSio^J,  the  Spectrum 
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thus  examined  would  appear  as  if,  in  the  sub? 
joined  figure,  the  upper  portion  showing  the  dark 
lines  were  superimposed  in  the  lower  or  coloured 
portion  : — 


1  r  will  be  seen  at  a  glance  how  irregular  is  the 
distribution,  and  how  various  the  character  of 
•  these  remarkable  lines,— some  of  them  being 
^  strongly  marked,  others  faint  almost  to  evan- 
jescence — part  of  the  specti-um  being  very  free 
iifrom  them,  while  other  portions  are  quite  ribbed, 
mow,  by  multitudes  'of  lines  of  very  perceptible 
i  distances,  and  in  other  cases  by  groups  so  close, 
:lthat  to  a  small  magnifier  they  appear  as  one 
Hsmgle  line.  That  points  of  certain  and  fixed 
nreference,  might  be  found  within  this  confusion, 
FFrauenhofer  distinguished  the  lines  marked  as 
BB,  c,  D,  E,  F,  G,  H,  as  offering  the  double  ad- 
vantage of  being  readily  recognized,  and  distri- 
buted with  some  regularity  through  the  spec- 
irtrum  ;  and  all  physicists  since  have  followed 
hiis  example.  One  of  the  chief  practical  uses 
these  lines  has  been  explained  under  article 
DDisPERSiOxX,  q.v  —It  is  worthy  of  remark  that 
"Tvhile  the  ratios  of  the  distances  of  these  lines  vary 
nin  the  Spectrum  of  Refraction  with  the  refractive 
nmedium  em  ployed,  they  never  vary  in  the  Spectrum 
M Diffraction;  and  it  is  to  this' latter  spectrum 
bthat  we  must  always  apply  in  the  attempt  to 
determine  the  length  of  those  waves,  which,  ac- 
vcording  to  the  theory  of  Undulation,  produce  the 
lidiffereut  coloui's. — We  shall  briefly  refer  to  several 

"^points  of  great  interest  concerning  these  lines:  

1(1).  It  may  be  confidently  stated  that  we  have 
-not  yet  obtained  a  correct  idea  of  their  actual 
limber.  According  to  Frauenhofer,  there  are 
miTte  well  defined  ones  between  b  and  c;  be- 
'een  c  and  d,  ihirti/;  from  d  to  e  he  counted 
tabout  ei(jhty-four ;  from  e  to  f  upwards  of 
leverUy-six;  between  p  and  g  there  are  one  hun- 
m^ed  and  ebjhty-fwe ;  between  g  and  n  one 
'lundred  and  ninety.  Taking  account  of  the  lines 
DUtside  these  limits,  Frauenhofer  reckoned  that 
<he  solar  spectrum,  in  its  entire  length,  shows 
worn  SIX  to  seven  hundred  of  these  very  enigma- 
Moal  bands:  but  the  researches  of  Sir  David 
Wrewster  have  extended  this  number  to  some- 
bmg  like  two  thousand.  It  is  not  yet  well 
ictenrnned,  whether  the  conditions  of  observation 
e.g.,  the  region  of  the  sky  from  which  the  spec- 
rum  u  obtanied),  have  serious  influence,  or  what 

nl'''"''.'-n  °"  ^^^^  ^i^ibility  of  these 

.ancls.-(2).  I  hcnomena  similar  in  kind,  but 

Sd.J'r'VM ^™  spectra 
aelded  by  hght  not  issuing  directly  from  the 
^un.  Take  as  instances  the  following  facts  :— 
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The  Electric  Light  yields  IrigTit  instead  of  darh 
bands — the  one  of  greatest  brilHancy  being  found 
in  the  green.    Solar  Light,  reflected  by  the  moon 
and  planets,  yields  the  same  system  of  lines  as 
the  direct  spectrum;  but  with  the  Fixed  Stars  the 
case  is  wholly  different,— (Sm-jms  jnelds  quite  a 
peculiar  system,  remarkably  distinct  and  definite ; 
the  spectrum  from  Castor  is  like  that  from 
Sirius ;  Pollux  jields  a  great  many  feeble  Imes ; 
while  Procyon  manifests  very  few. — The  phe- 
nomena manifested  by  spectra,  from  the  flames  of 
different  substances  when  under  combustion,  pre- 
sent a  most  perplexing  diversity.   In  some  cases 
we  have  multitudes  of  lines,  in  others  none  are 
perceptible;  while  in  a  few  instances,  coloured 
lines  also  appear.    Our  limits  forbidding  the  spe- 
cification of  these  curious  details,  the  student  is 
referred  to  the  elaborate  and  admirable  researches 
of  Sir  David  Brewster  ;  to  the  papers  by  Professor 
Miller  of  Cambridge,  on  the  spectra  produced 
from  certain  coloured  flames,  and  from  the  com- 
bination of  different  substances  in  a  jet  of  oxygen 
and  hydrogen ;  and  still  more  to  the  extraordinary 
results  procured  by  Mr.  Wheatstone,  M.  Foucault, 
and  M.  Soleil,  on  spectra  from  the  ignition  of 
metals,  &c.,  between  the  poles  of  a  voltaic  pile. 
It  is  unfortunate  that  no  result  of  a  general  na- 
ture, or  calculated  to  throw  light  on  the  origin  of 
these  lines,  has  hitherto  been  deducible  even  from 
so  brilliant  a  series  of  experiments. — (3).  Per- 
haps the  most  remarkable  and  pregnant  phenome- 
non yet  remains  to  be  described.   On  examining 
the  spectrum  formed  from  ordinary  light,  trans- 
mitted through  the  thick  and  red  vapour  of  nitrous 
gas,  Sir  David  Brewster  made  the  striking  dis- 
covery of  the  existence  of  a  multitude  of  new 
dark  bands,  crossing  it  at  all  points,  and  parallel 
to  the  dark  lines  of  Frauenhofer,— these  lines 
being  broader,  darker,  and  more  numerous  to- 
wards the  more  refrangible  extremity  of  the  spec- 
trum, and  always  appealing,  whatever  the  na- 
ture of  the  light  employed.    Many  other  gaseous 
substances  have  since  then  been  exann'ned  by  the 
foregoing  distinguished  inquirer,  by  Professor  Mil- 
ler,  and  the  late  Prot^ssor  Daniel.  Professor 
Miller  expressly  engaged  in  elaborate  researches, 
with  a  view  to  some  clue  to  a  connection  between 
the  phenomena  produced  and  thenature  of  thesub- 
stances  through  which  the  beam  of  light  is  made 
to  pass :— unhappily  with  very  slight  effect.  The 
following  conclusions,  for  the  most  part  nega- 
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tive,  appear  established  by  his  researches:— AVj!<: 
Colourless  gases  give,  "in  no  case,  additional 
lines,  or  lines  different  from  those  of  Frauenhofer. 
Secondly:  The  mere  presence  of  colour  is  not  a  se- 
curity that  new  lines  will  be  produced  ;  for  in- 
stance, of  two  vapours,  undistinguishable  by  the 
eye,  one,  brome,  gives  a  great  number  of  new 
lines, — tlie  other,  chlorure  of  tuwjslen,  exhibits 
none.  Thirdly:  The  position  of  the  new  lines  has 
no  connection  with  the  colour  of  the  gas : — with 
(/reen  perchlorure  of  manganese,  the  new  lines 
abound  in  the  green  of  the  spectrum ;  with  red 
nitrous  acid,  they  increase  in  number  and  den- 
sity, as  we  approacli  the  spectrum's  hlue  extremity. 
Fourthly:  Simple  bodies,  as  well  as  composite 
ones,  evolve  these  lines.  Two  simple  bodies, 
which,  when  isolated,  produce  none,  often  pro- 
duce multitudes  when  in  combination.  And 
conversely,  lines  which  appear  in  the  vapour  of  a 
simple  body,  frequently  disappear  when  the  va- 
pours of  its  combination  are  employed.  Fiflkli/: 
The  same  lines  are  frequently  produced  by  dif- 
ferent degrees  of  oxidation  of  the  same  substances. 
Sixthly:  The  lines  increase  in  number  and  density 
with  the  thickness  of  the  medium  through  which 
the  lay  of  light  is  being  transmitted,  or  when 
some  accidental  cause  deepens  its  colour.  "When 
the  vapour  is  dense  and  uniformly  diffused,  they 
are  often  too  nmnerous  for  the  eye  to  count  them. 
Seventhly:  Whether  ordinary  or  polarized  light 
be  used,  the  result  is  alwaj's  the  same. — It  scarcely 
requires  us  to, -add,  that  the  whole  subject  re- 
mains one  of  the  most  obscure  in  physical  optics. 
— (4).  Quitting  the  mere  phenomena,  and  rising  to 
the  inquiry  as  to  their  causes,  we  enter  on  a  still 
more  arduous  path.  The  plienomena — defying, 
as  we  have  seen,  all  attempts  hitherto  to  reduce 
them  within  empirical  laws — no  complete  ex- 
planation or  theory  of  them  is  possible.  All  that 
theory  can  be  expected  to  do,  is  this — it  may 
explain  how  dark  lines  of  any  sort  may  arise 
within  the  spectrum.  Of  the  two  opposite  gen- 
eral views  concerning  the  nature  of  Light,  the 
theory  of  Emission  offered,  apparently,  the  readiest, 
although  a  very  vague  and  unsatisfactory  solu- 
tion. A  dark  band  in  the  spectrum  merely  indi- 
<:ates  a  certain  amount  of  light  destroyed, — it  has 
been  absorbed,  said  the  Emissionists,  in  passing 
through  the  media  it  has  traversed.  Tlie  darJc 
lines  of  Frauenhofer,  therefore,  are  so  man}'  indi- 
cations of  absorption  :  and  the  opinion  assuredly 
received  great  apparent  support,  from  the  action 
of  gaseous  media  as  above  described.  But  in  the 
present  condition  of  science,  it  were  worse  than 
folly  to  accept  any  explanation  from  the  theory 
of  Emission.  See  Light.  According  to  the 
opposite  doctrine  of  Undulation.,  the  destruction 
of  Light  can  only  arise  from  tlie  Interference  of 
waves.  See  luTKUFiiRENCE.  But  the  ques- 
tion recurs,  how  may  Ave  suppose  that  adequate 
interferences  do  in  this  case  take  place?  Tlie 
an*\vcr  to  this  question  is,  unfortunately,  not 
i;uioible  within  the  limits  of  a  work  like  the  pic- 
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sent.  It  has  been  undertaken  by  Cfluchy,  by 
Erman,  and  especially  by  Baron  Von  \Vrede. 
Simply  remarking  that  the  attempted  solution  is 
In  every  respect  most  ingenious,  we  again  refer 
the  student  to  the  dissertation  of  the  latter  Phy- 
sicist in  Taylor's  Scientific  Memoirs.  See  also 
Interfeiskkce. 

Freezing,  in  its  most  general  signification,  is 
the  process  by  which  a  liquid  body  passes  into 
the  solid  form,  when  reduced  to  the  requisite 
temperature; — more  usually  it  refers  to  the  for- 
mation of  ice  or  the  solidification  of  water.  We 
shall  emplo}'  it  here  in  its  restricted  meaning, 
partly  because  the  phenomena  accompanying  the 
freezing  of  water  ma}'  be  taken  as  representative 
ones.  Several  important  classes  of  consideration 
are  connected  with  "  Congelation." 

1.  The  thermal  phenomena  which  present  them- 
selves during  Freezing  and  Fusion,  attracted 
attention  long  ago.  Observers  could  not  fail  to 
be  struck  by  tlie  fact  that  a  block  of  ice,  exposed 
to  any  amount  of  heat,  never  becomes  warmer 
than  32°  F.,  while  the  water  dropping  from  it 
indicates  the  same  temperature :  and  yet  a  great 
quantity  of  heat  must  have  entered  it  during 
that  process  of  melting.  The  converse  also 
holds,  i.  e.,  a  mass  of  water  does  not  freeze  sud- 
denly ;  heat  is  being  abstracted  from  it  during 
the  progress  of  solidification,  but  it  remains 
steady  at  32°  F.  The  phenomenon  is  clearly 
tliis — a  quantity  of  heat,  during  fusion,  becomes 
insensible  to  the  thermoraet;'r,  and  takes  on 
some  new  form  or  function.  The  nature  of  this 
change  of  form  and  function  has  been  variously 
accounted  for,  according  to  the  nature  of  the 
theory  of  heat  prevalent  at  the  time: — the 
view  at  present  received  is  given  farther  on,  in 
Hkat,  Mechanical  Theoky  of.  But  apart 
(rom  speculation,  there  is  a  practical  problem  of 
highest  importance,  viz..  What  is  the  quantity  of 
heat  which  disappears  on  fusion,  and  reappears 
to  the  thermometer  on  freezing  ?  The  honour  of 
determining  this  important  physical  constant, 
within  narrow  limits  of  error,  belongs  to  the 
Scotchman,  Dr.  Blacl).  Black's  method  was 
of  course  the  method  of  mixtures.  Taken  in  its 
full  generality  the  process  is  tliis :  — Introduce 
into  a  vessel  containing  a  known  weight  W  of 
water  at  the  temperature  t,  a  piece  of  pure  ice 
at  zei'o  (0°  C. ;  32°  F.),  melting  rapidly  ensues. 
On  its  completion  the  temperature  must  be  mea- 
sured,— call  that  ^.  Weighing  the  vessel  con- 
taining the  mixture,  we  find  the  weight  of  the 
ice  added  =  W.  Supposing  that  obvious  causi's 
of  error,  eliminated  by  the  care  of  the  expeii- 
menter,  and  tlie  multiplication  of  experiments, 
it  is  easy  to  see  that 

W  •  (/  -  0, 

or  the  quantity  of  heat  lost  by  the  water  during 
the  process,  must  be  equal  to  the  sum  of  those 
employed  in  melting  the  ice,  and  in  raising  the 
water  resulting  from  it  to  the  temperature  d ,  ao 
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the  heat  necessary  to  melt  a 
e  must  have 

— <r)  =  \V'  X  +  W  • 
or 

~  W. 

original  detemiinatiou  was   144°  F. 
s  afterwards,  and  Laplace  and  Lavoisier, 
the  constant  much  less ;  but  the  more 
.it  and  far  more  accurate  processes  of  Provost- 

ye  and  Desains,  have  nearly  reinstated  Black's 
lUmber.  The  constant  now  accepted  is  142° -65 
F.,  or  79°-25  C. : — t.  e.,  during  the  melting  of  a 
pound  of  ice  this  detinite  quantity  of  heat  ceases 
to  be  appreciable  by  the  thermometer.  The 
same  method  is  of  course  applicable  to  all  solidi- 
fications  and  fusions ;  and  it  has  been  applied 
successful!}'  to  the  case  of  various  liquids. 

II.  In  the  case  of  many  liquids  —  (and  here, 
too,  icaier  may  be  taken  as  a  representative  sub- 
stance)—  some  apparently  anomalous  circum- 
stances appear,  wiien  the  temperature  approaches 
the  freezing  or  congealing  point.  The  fact  that 
ice  floats,  shows  that  its  densitj'  is  less  than  the 
density  of  the  unfrozen,  and  therefore  warmer 
water,  in  which  it  is  floating.  But  this  seems 
contrary  to  the  general  law,  that  the  density  of 
substances  diminishes  as  their  temperature  as- 
cends. About  the  )'ear  1804  this  curious  sub- 
ject was  investigated  by  Tralles,  of  Switzerland, 
and  Hope,  of  Scotland ;  and  both  drew  conclu- 
sions from  the  same  experiments.  If  a  vessel 
full  of  water — say  at  50°  F. — is  left  in  absolute 
rest,  in  the  midst  of  a  space  at  32°,  or  some  infe- 
rior temperature,  the  lower  strata  of  the  liquid 
show  for  some  time  the  growing  depression  of 
temperature  sooner  than  the  upper  strata.  But 
after  the  thermometer  immersed  in  the  lower 
strata  has  reached  about  40°,  it  remains  inva- 
riable, until  the  upper  one  shall  itself  have 
a'.tainedit;  after  wliich  it  descends  anew,  only 
less  rapidly  than  the  upper  thermometer,  around 
which  ice  begins  earliest  to  form.  Tlie  result 
evidentl}'  proves  that  water  attains  its  maximum 
temperature  at  40°  nearly;  after  which  it  begins 
to  expand,  and  the  ejipan.sion  continues  until 
solidification  takes  place.  Despreiz  has  recentlj' 
explored  the  whole  progress  of  the  phenomenon, 
and  represented  by  curves  the  relative  march 
of  the  two  thermometers  after  the  discrepancy 
begins  to  disappear.  The  point  of  maximum 
density  he  fixes  at  39°-2  F.  He  has  further 
extended  his  researches  to  a  large  number  of 
saline  solutions. — The  explanation  usually  re- 
ceived is  probably  the  true  one.  The  liquids 
which  manifest  the  freezing  phenomena,  all 
pass  into  crystalline  solids;  and  this  point  of 
maximum  density  seems  to  mark  the  commence- 
ment of  that  internal  molecular  arrangement 
which  constitutes  the  crystalline  state.  Now, 
Mhenever  such  ultimate  arrangement  is  not  con- 
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sistent  with  the  clo.scst  molecular  packing,  or 
witii  the  greatest  economy  of  space,  expansion 
must  ensue  from  a  certain  fixed  point,  and  con- 
tinue until  solidification  is  completed. — Simple 
though  this  plienomena  seems,  it  plays  an  im- 
portant part  in  the  economy  of  nature,— e. //., 
the  icy  covering  of  a  stream  really  defends  tlie 
water  under  it  from  excessive  external  cold. 

III.  The  temperature  of  the  freezing  point  is 
not  absolutely  fixed  and  constant, —  rigorous 
scrutiny  having  brought  to  light  minute  irregu- 
larities, some  of  which  carry  important  conse- 
quences.— (1.)  The  temperature  of  the  point  of 
fusion,  although  more  steadfast  than  its  correla- 
tive is  not  steadfast, —  several  considerations 
rendering  it  probable  that  the  interior  of  a  block 
of  ice  may  be  even  3°  above  32°.  But  water 
may  be  kept  from  solidifying  until  its  tempera- 
ture is  22°,  or  even  lower,  just  as  it  may  be 
raised  to  270°  under  the  ordinary  pressure  of  the 
atmosphere,  and  remain  as  water.  The  subject 
has  received  much  interesting  experimental  illus- 
tration from  the  researches  of  M.  Donny.  Fara- 
day's theoretical  views  have  been  given  under 
CoxGELATioK.  He  thinks,  apparently  correctly, 
that  the  irregularities  in  question  are  due  to  a 
certain  range  of  cohesion,  which  enables  sub- 
stances to  withstand  a  change  of  temperature 
which,  without  that  cohesion,  must  have  caused 
a  change  of  state. — (2.)  One  general  and  uni- 
form law  to  which  the  phenomena  of  freezing  is 
subjected  was  recently  discovered  by  Mr.  James 
Thomson,  and  experimentally,  confirmed  by  his 
well  known  brother.  Professor  William  Thomson. 
It  occurred  to  the  latter,  as  a  consequence  of  the 
great  principle  of  Carnot,  that  water  at  the  freezing 
point  may  be  converted  into  ice  by  a  process  solely 
mechanical,  and  yet  without  the  final  expenditure 
of  any  mechanical  work.  But  as  water  in  freez- 
ing expands,  and  therefore  must  exert  a  certain 
mechanical  effect,  this  is  tantamount  to  tlie 
assertion  that  mechanical  work  could  be  got  out 
of  nothing!  In  illustration,  suppose  that  into 
an  indefinite  lake  at  32°  a  cylinder  with  air  at 
32°  is  plunged.  Compress  that  air  suddenly  by 
a  piston.  Heat  will  be  given  out,  and  diffused 
through  the  lake.  Let  the  piston,  being  relieved 
from  the  compressing  force,  be  permitted  to  start 
back  to  its  original  position ;  it  is  evident  that 
the  expanding  air  will  withdraw  from  the  water 
nearest  it  the  heat  it  gave  out,  and  that  in  con- 
sequence this  water  must  freeze.  Now,  at  the 
close  of  the  experiment,  all  things  are  as  they 
were  at  first;  the  force  employed  in  compressing 
the  air  has  been  returned  by  the  equivalent  force 
of  resilience;  while  the  freezing  of  the  water  and 
the  mechanical  effect  due  to  its  expansion  are 
superadded, — in  other  words,  wo  have  obtained 
these  to  the  bargain!  Mr,  Thomson,  with  great 
sagacity,  detected  the  necessary  presence  of  a  wcvr 
and  unsuspected  element,  and  he  at  once  declared 
that  this  element  must  be  the  truth  that  the  freez- 
ing point  becomes  lou-er  as  the  pressure  to  which 
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the  mder  is  subjected  is  increased.  The  original 
nienioir  will  be  found  in  the  Transactions  of  the 
Royal  Society  of  Edinburgh,  vol.  xvi. ;  and  ia 
a  very  fine  instance  of  cautious  and  successful 
general  reasoning.  Mr.  Thomson  even  deduced 
the  formula  applicable  to  the  phenomenon : — it 
is  this,  the  lowering  of  the  freezing  point  for  n 
atmospheres  of  pressure  is 

t  ^  0°-0075  n  ■  C. 

Professor  W.  Thomson's  experimental  verification 
of  this  formula  is  described  in  the  Philosophical 
Magazine  for  August,  1850.  This  investigation 
is  not  more  interesting  and  important  through  its 
results  than  its  character.  It  is  a  thoroughly 
a  priori  deduction,  or  one  of  those  happy  pre- 
visions of  facts,  which  go  so  far  to  illustrate  and 
confirm  theory.  Nor  is  it  the  first  time  that 
such  predictions  have  been  ventured  on  by  aid  of 
Camot's  Function. — We  shall  advert  to  some 
consequences  of  the  discovery  under  Ice. 

Freezing  ITlLKturcs.  See  "  Cyclopcedia  oj 
ChemistryP 

Friction.  A  form  of  mechanical  resistance 
to  motion,  depending  on  the  structure  and  sur- 
faces of  bodies  in  contact,  which  demands  closest 
attention  on  the  part  of  every  one  having  to  do 
with  the  working  of  machines.  The  influence  of 
Friction  indeed,  alike  as  it  affects  the  stability  of 
fabrics,  and  the  action  of  machines,  is  one  of 
those  points  whose  determination  constitutes  a 
chief  object  of  the  science  of  Engineering. — There 
ave  two  primary  kinds  of  Friction, — that  which 
impedes  the  sliding  of  bodies  on  each  other,  when 
their  surfaces  are  in  contact;  and  that  which 
may  be  termed,  the  resistance  to  rolling  motions, 
— the  resistance,  for  instance,  which  a  carriage 
offers  to  traction.  We  shall  briefly  notice  each 
of  these : — 

I.  Frictions  of  the  first  class,  are  also  of  two 
kinds — fi-iction  of  sliding  properly  so  called,  and 
the  effects  arising  from  the  stiffness  of  the  cords 
employed  in  pulling  or  in  any  other  mode  by 
which  motions  are  connected. — The  first  de- 
scription of  frictions  have  been  made  the  subject 
of  extensive  experimental  researches.  And  three 
great  or  primary  laws,  mny  be  considered  ascer- 
tained. 1.  The  fnction  is  proportional  to  the 
pressure:  that  is,  the  resistance  is  always  the 
same  fraction  of  the  force  wliich  presses  the  one 
surface  upon  the  other.  2.  Friction  is  independent 
of  the  extent  of  the  surfaces  in  contact, — provided 
always,  that  the  pressure,  or  weight  of  the  body 
that  lies  on  the  other,  be  not  changed.  3.  Fric- 
tion is  independent  of  the  velocity  with  which  the 
one  body  is  draion  across  the  stirface  of  the  other : 
tliat  is,  it  requires  the  same  quantity  of  energy  to 
sumount  friction,  or  to  make  a  body  jiass  across 
a  fixed  space — whatever  the  velocity  of  its  motion. 
—The  coefficient  of  friction  for  any  body  or  any 
two  bodies,  is  the  constant  ratio  of  friction  to 
]i!essure;  so  that,  if  in  any  case  /  be  the  coeffi- 
cient, p  the  pressure,  and  f  the  friction,  wo  have 
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T=p.f.— 

and  for  the  worh,  caused  by  friction,  while  the 
bodies  slide  over  each  other  a  certain  distance  s, 
vf  =p  .f .  s. 

In  the  case  of  wooden  axles,  the  distance  passpd 
over  per  minute  is  «  X  2  «■ .  r ;  n  bemg  the  num- 
ber of  revolutions  per  minute  and  r  the  radius  of 
the  axle,  the  work  per  second  will  be 
0-1047,/.  n  .  r  .p. 

The  coefficient /  is  of  course  determinable  by  ex- 
periment, and  extensive  tables  of  its  values  will 
be  found  in  all  works  on  Practical  Engineering. 
There  are  two  chief  modes  of  diminishing  the  re- 
sistance of  friction— ;j^rs^,  by  employing  hard  and 
polished  surfaces,  and  secondly,  by  the  use  of 

oily  or  fatty  ointments  Secondly,  as  to  the 

Stiffness  of  Cords  or  Hopes.  This  form  of  passive 
resistance  has  a  large  and  determinate  efiect,  in 
the  action  of  ships'  tackling,  in  systems  of  pul- 
leys, in  the  action  of  machines  for  raising  weights, 
such  as  cranes,  &c.  It  varies  with  the  thickness 
and  nature  of  the  ropes  used,  and  also  with  the 
hygrometric  state  of  the  air.  If  a  and  b  repre- 
sent two  quantities,  constant  for  the  same  de- 
scription of  rope,  but  varying  with  the  diameter 
of  the  rope,  with  the  degree  of  the  rope's  sound- 
ness, and  the  hygrometric  state  of  the  air,  the 
resistance  can  easily  be  expressed  according  to 
Coulomb,  in  terms  of  those  quantities.  The  diffi- 
culty is  to  determine  a  and  b.  The  foUowing 
laws  appear  established  by  ample  series  of  ex- 
periments : — 1.  In  the  case  of  new  untarred  hempen 
ropes,  the  values  of  a  and  b  (all  other  things  being 
equal),  are  nearly  as  the  squares  of  the  diameters 
of  the  ropes.  2.  In  the  case  of  half  used  up 
ropes,  the  name  quantities  are  proportional  to  the 
square  roots  of  the  cubes  of  the  diameters.  3. 
For  tarred  ropes  the  quantity  b  is  proportional  to 
the  number  of  threads  in  the  rope  yarn.  The 
quantities  a  and  b,  me  severally  determined  by 
experiment. 

II.  Carriage  Traction. — The  general  conclusions 
of  chief  import,  that  may  be  deemed  established, 
are  the  following : — 1.  The  resistance  opposed  to 
the  traction  of  caiTiages,  on  paved  or  solid  roads, 
— referred  to  the  axletree,  and  to  the  direction 
parallel  to  the  road — is  sensibly  proportional  to 
the  pressure,  or  to  the  total  weight  of  the  vehicle, 
and  inversely  proportional  to  the  diameter  of  the 
wheels.  2.  In  solid  or  paved  roads,  the  resist- 
ance is  almost  independent  of  the  breadth  of  the 
wheel.  3.  On  soft  roads,  the  resistance  decreases 
as  the  breadth  of  the  wheel  increases.  4.  On  soli 
roads,  the  resi.stance  is  independent  of  the  velocity 
of  traction.  5.  On  hard  or  paved  roads,  the  re- 
sistance increases  with  the  velocity.  This  in- 
crease is  so  nnich  the  less,  in  as  far  as  the 
springs  of  the  vehicle  are  good,  and  the  road  good 
and  solid.  6.  The  best  direction  of  traction,  is 
evidently  the  horizontal  oi.e ;  for  in  that,  the  re- 
sistance from  friction  is  the  miiiinium, — Those 
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;:nple  laws,  must  not  be  Uiken  as  absolute,  but 
ipproxiniative. 

III.  Friction  in  General. — The  phenomena  of 
I'liction  have  recently  assumed  an  importance 
I  it  at  one  time  supposed  to  belong  to  them.  The 
;V7<  evolved,  is  an  essential  element  ^  and  it  is 
imd  by  accurate  experiment,  that  the  quan- 
iry  evolved,  is  exactly  sufficient  to  reproduce  the 
librt  caused  in  overcoming  the  friction.  See 
ilEAT. — Reference  is  further  made  to  Resist- 
ance:. 

Fringes.  A  technical  term  in  optics,  meant  to 
"iidicate  those  coloured  bands  oi diffraction,  which 
;ipear  when  a  beam  of  Light  passes  the  clean 
!:^e  of  a  screen,  or  is  transmitted  through  a  nar- 
■m  slit  or  hole.    See  Diffraction.    The  term 
IS  also  been  applied  to  those  curious  appear- 
ances by  which  Haidinger  has  recently  shown  that 
'jlarized  light  can  be  detected  by  the  naked  eye. 
The  name  in  this  case,  however,  by  no  means 
defines  the  objects.   These  should  be  called  Hai- 
'linger's pencils  or  tufts.    They  are  spoken  of,  at 
some  length,  under  Haidinger's  Tufts. 

Frost.  When  the  temperature  descends  be- 
low 32°  F.  all  superficial  moisture  becomes  frozen, 
or  passes  into  the  condition  of  ice.  This  is  frost., 
in  the  common  acceptation  of  the  word.  White 
frost,  or  Hoar  frost,  is  simply  frozen  dew ;  a  phe- 
nomenon occurring,  whenever  terrestrial  radiation 
is  sufficiently  intense  and  prolonged,  to  reduce  the 
:  temperature  of  the  Earth's  surface  below  the 
freezing  point,  while  that  of  the  Atmosphere  con- 
.  tinues  above  that  point    See  Snow. 

Fulcrum.  The  prop  upon  which  a  lever  rests. 

I  Thus,  in  raising  by  a  lever  a  piece  of  stone,  a  bit 
of  wood  is  thrust  in  below  the  lever,  and  it  is 

r  pressed  down  on  the  wood,  to  raise  the  weight. 
J  This  is  the  ftda-nm. 

Functions.  Any  algebraic  expression  whose 
»  value  depends  on  a  simple  quantity,  is  said  to  be 
3  a  function  of  that  quantity.  For  instance,  a;", 
1-  log.  X,  sin.  X,  are  all  said  to  be  fmictions  of  x ; 
i  and  so  with  every  conceivable  combination  of 
'  these.— Functions  are  generally  divided  into  Al- 
'  S^rai^ai  and  Transcendental, — the  latter  includ- 

II  ing  Exponentials,  Logarithms  and  Trigonometrical 
1  quantities  or  any  combination  of  these.  Looking 
i  at  the  subject  more  generally,  the  most  im- 

;  portant  subdivisions  of  Functions  are  the  Cir- 
•  cuhting  and  Periodic.    A  circulating  Function, 
«»,  any  combination  of  the  variable  x,  which 
for  all  possible  values  of  x,  from  0  to  infinity, 

>  shall  present  only  a  regularly  recurring  series 

>  of  definite  values.  For  instance,  sin.  a;  is  a  cir- 
■  cnlating  function :  it  can  as  it  is  well  known  ob- 

tain  no  values  not  included  between  1  and  —  1, 
»  although  X  be  varied  infinitely.  In  the  largest 
-  sense  of  the  word,  the  Trigonometrical  Analysis, 
may  be  considered  a  fundamental  and  chief 
liranch  of  the  Analysis  of  Circulating  Functions. 
'  modic  Functions,  again  have  for  thek  expres- 
sion an  equation  like  the  following,— 

<fn  X  =.  X, 
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in  other  words,  they  are  combinations  of  x,  of 
such  a  kind,  that  if  tiiat  operation  or  combination 
be  repeated  any  number  n  of  times,  the  resulting 
value  shall  still  be  x.  These  are  divided  itito 
orders  according  to  the  value  of  n:  t.e. 

(p'  .  X  =  a; 
is  a  periodic  function  of  the  second  order, 


a  periodic  function  of  the  third  order,  and  so  on. 
The  student  may  be  interested  in  proving  the 
following  functions  to  be  periodic  functions  of  the 
third  order: — 

1,      ^  a;  =  . 


l—x 


3.  (f 


log.  (1  —  ix). 


The  foUovring  are  a  few  of  the  sixth  order : 
1 


^  .  x: 


<P  X  = 


3(1 
3 
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The  subject  of  Functional  Equations,  is  a  most 
important  and  complex  one.  In  all  its  generality, 
it  comprehends  the  theory  of  Equations  of  Differ- 
ences, as  a  particular  case.  Its  object  is  to  de- 
termine that  form  of  a  Function  of  the  variable, 
which  shall  have  a  particular  property.  Sui> 
pose  the  Equation  to  be 


f  ,  X  =  ^ 
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the  meaning  is — what  forms  or  combinations  of 
X  have  the  property,  so  that  if  x  be  changed  into 

—  ,  their  value  shall  not  be  altered  ?  These 
a; 

Equations  are  of  infinite  variety ;  nor  are  they 
perhaps  susceptible  of  general  solution.  The 
student  is  refeiTed  to  an  interesting  and  valuable 
Essay  by  Mr.  Babbage,  printed  at  the  close  of 
Sir  J ohn  Herschel's  tractate  on  Finite  Differences, 
and  also  to  the  article  Calculus  of  Functions  in 
Encyclopmdia  Ifefropolilana. — The  Calcidus  of 
Generating  Functions,  may  still  be  best  studied 
in  the  grand  work,  where  its  foundations  were 
laid,  viz.  the  Theoriedes  Prolahilites  by  Laplace. 

Funflnmcnini.  The  gravest  note  of  a  series 
of  several  concords,  is  the  fundamental  note. 
Thus,  in  sol,  si,  re,  fa — sol  is  the  fundamental 
note.  So  also  in  a  tube  capable  of  producing 
sound.    See  Acoustics. 

Fusion,  is  that  very  noticeable  phenomenon 
with  which  we  are  presented,  when  a  solid  body 
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becomes  liqnid.  Some  solids  become  fluid,  under 
( lie  application  of  very  moderate  heats.  Others, 
ngajn,  require  more  violent  heats  to  melt  them. 
It  is  interesting  to  inquire  if  all  arc  capable  of 
being  melted.  All  but  carbon  give  indications  of 
«!ii3.  Some  organic,  and  a  few  inorganic  com- 
pounds, indeed,  do  not  at  first  seem  so,  but  they 
are  so  easily  decomposed  by  heat,  that  we  cannot 
accurately  experiment  on  them,  and  we  know 
that  their  solid  components,  carbon  excepted, 
lire  capable  of  being  heated  to  fusion.  Some  ex- 
r'erimenters  have  asserted  that  they  find  the 
marks  of  fusion  on  the  edges  of  diamonds  (pure 
carbon),  which  they  have  subjected  to  violent 
heat;  but  this  is  not  certain.  There  are  two 
sr'ecial  phenomena  incident  to  fusion.  The  Jirst 
is,  that  the  fusion  of  a  given  body  takes  place  at 
a  constant  temperature  for  the  same  body,  under 
whatever  circumstances  it  may  be  placed.  The 
second  is  the  absoi-ption  of  heat  which  does  not 
become  sensible  to  the  thermometer,  but  which  is 
necessary  to  the  liquid  constitution.  This  sub- 
ject has  already  been  considered.  It  thus  be- 
comes a  matter  of  physical  interest  to  know  the 
temperatures  of  fusion  of  different  bodies — and  so 
settled  is  it,  that  chemists  not  unfreqnently  make 
it  a  means  of  distinguishing  body  from  body  (an 
element  of  qualitative  analysis}.  We  take  from 
Pouillet,  the  follo;ving  table  of  the  fusing  points 
of  various  substances ; — 
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'f'"^-  Centisraile  Dr^rett. 

English  hammered  iron  icoo 

Sdftinin  (French)  1.500 

The  less  fnsible  steels  .'noo 

The  move  liJslWe  steels  .1300 

Manpanesed  cust  iron  1250 

Grey  cast  iron,  second  fusion  120O 

Gre^  cast  iron,  rery  fnsible  noo 

White  cast  iron,  scarce  fusible.  llOO 

Wliite  cust  iron,  very  fusible  1050 

Very  fine  gold  1250 

Standard  gold  ]I80 

Silver,  very  pure  loOO 

Kionze   900 

Antimony   43-> 

Zinc  ; 

Lead  320 

Bismuth   202 

Tin   230 

Su'.phur   114 

Iodine  1   107 

Sodium    90 

Potassium   53 

Phosi>hoi-us   4.5 

Stearic  acid   70 

Wliite  wax   68 

Unbleached  wax   61 

Margari-c  acid   55  to  60 

Stearine   49to4S 

Spermaceti  ,   43 

Acetic  acid   45 

Tallow   33to3S 

Ice   0 

Oil  of  turpentine  —10 

Mercury  —39 


For  Latent  Heat  of  Fdsiox — see  Heat,  sec- 
tion 32. 
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Oalaxy.  See  Milky  Way  and  Stars.  The 
term  Galaxy  was  at  one  time  used  exclusively  as 
an  equivalent  to  Milky  Way:  it  has  recently 
been  emploj'ed  as  a  name  for  remote  clusters. 
See  Stars  and  Nebut./k. 

Cralranism.    See  Electricity. 

CialTanoiueter.  See  Electricity  and  Mul- 
tiplier. 

Oas.  A  gas  may  now  be  defined  as  the  aeri- 
form condition  of  any  one  substance  or  descrip- 
tion of  matter.  The  physical  distinction  between 
what  at  one  time  were  termed — permanently 
electric  gases — and  vapours,  having  been  broken 
utterly  down  by  those  superb  experimental  re- 
searches of  Faraday's,  which  terminated  in  the 
li(luefaction,  and  in  some  cases  in  the  solidifica- 
tion, of  many  gases  formerly  considered  perma- 
nently elastic, — we  are  now  obliged  to  consider 
all  the  different  states  in  which  matter  exists,  as 
primarily  owing  to  the  relations  of  their  atoms  to 
Heat.  '  Further  remarks  on  this  subject  will  be 
•  found  under  Heat— Me  c«wse  of  change  of  state: 
and  the  whole  large  subject  of  the  specific  rela- 
tions of  gases  to  boat,  now  one  of  the  most  im- 
portant in  practical  as  well  as  theoretical  physics, 
will  be  discussed  under  Vapours.  Suflice  it 
tb  recognize  at  present  the  signal  obligations 
owing  by  science  in  reference  to  this  very  im- 
portant question,  to  M.  Kegr.ault,  and  to  an  In- 


quirer of  onr  own,  whose  name  appears  in  out 
preface,  and  whose  contributions  form  one  of  the 
most  valuable  portions  of  this  Dictionary. — Apart 
from  the  relation  of  gases  to  Heat,  tliere  are  several 
physical  qualities  belonging  to  tliem  that  merit 
brief  notice. — I.  As  to  their  specific  gravity,  or 
the  comparative  weights  of  equal  volumes  at  the 
same  temperature.  Tables  of  specific  gravities 
are  inserted  at  the  close  of  this  volume:  we  shall 
merely  enumerate  at  present  three  important 
laws  that  connect  the  specific  gravities  of  the 
difiijrent  gases  with  their  atomic  weig/iis.  (1.) 
In  the  case  of  gases  of  equal  atomic  volumes^ 
the  specific  gravity  of  hydrogen,  multiplied  by 
the  atomic  weight  of  the  gas,  gives  the  specific 
gravity  of  that  gas.  (2.)  In  gases  whose 
atomic  volume  is  lialf  that  of  hjdrogen,  the 
specific  gravity  of  hydrogen  multiplied  by 
twice  the  atomic  weight  of  the  gas,  gives  the 
specific  gravity  of  the  gas.  (3.)  For  gases  whose 
atomic  volume  is  twice  that  of  hydrogen,  the 
specific  gravity  of  hydrogen  multijilied  by  half 
the  atomic  weight  of  the  gas  gives  its  specific 
gravitj'. — II.  Gases  are  smg;\i\nrly  absorbable  by 
other  bodies  whether  solid  or  liquid.  In  tlie  ca.«c  of 
solids  this  seems  to  depend  on  their  pomsity,  lor 
no  chemical  change  is  eflcctcd  by  this  absorption. 
In  the  case  of  liquids  the  amount  of  absorpti  1 
is  proportional  to  the  })rassuve  applied  to  the  t,'  - 
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resting  owr  the  liquid  surface. — III.  The  sinprular 
phenomena  of  the  chftusion  of  g.ises  liave  been 
already  alhidcd  to  under  Uiffi  sion,  and  shall  bo 
again  noticed  under  Osmotic  Foiice.  Connected 
also  with  this  subject,  are  Farad.ay's  curious  de- 
terminations of  tiie  velocities  with  which  different 
g.ises — condensed  artificially  by  the  same  degree 
of  pressure— make  their  escape  through  a  capillary 
tube. — IV.  Geiscs  liliewise  vary  in  their  soniferous 
properties,  and  in  the  colour  they  give  to  the  elec- 
tric spark  when  transmitted  through  them.  No 
physical  law  has  yet  been  discerned  connecting 
tliese  special  phenomena  with  other  qualities  of 
the  several  gases. — We  again  refer  to  the  im- 
portant article  Vapouks.  Other  special  facts 
and  laws  regarding  the  physical  attributes  of 
the  gases  are  detailed  under  CoiirRESsiBiLiTY, 
CoNuucnoN,  Elasticity,  Expansion,  and 
Heat. 

Oemini.  The  twins — Castor  and  Pollux. 
The  third  constellation  of  the  zodiac.  It  is  named 
from  its  two  biightest  stars,  a  Gemiuorum  or 
Castor,  of  the  first  magnitude,  and  /3  Geminorum 
"or  Pollux,  of  the  second.  The  constellation  is 
near  Regulus  and  Aldebaran.  It  is  marked  by 
the  form  n,  and  extends  from  60°  to  90°  longi- 
tude. 

Geocentric.  The  place  of  a  body  seen  from 
the  earth  is  termed  its  geocentric  place.  Since 
the  earth  moves,  its  geocentric  place  is  evidently 
not  an  absolute  place. 

Oeodcsy.  The  science  which  measures  the 
Earth  itself  and  great  portions  of  its  surface.  For 
the  results  of  the  geodetical  measm'ements  of  the 
Earth  itself,  we  refer  the  reader  to  the  article 
Earth.  "We  sliall  only  mention  here,  some  of 
the  physical  difiiculties  with  which  Geodetic 

science  has  to  contend  The  first  is  in  actual 

measurements  of  particular  lengths.  If  rods  be 
employed,  they  must  be  evidently  all  laid  in  the 
exact  direction  of  the  linear  or  base  measure,  and 
must  be  all  exactly  together,  leaving  no  interval 
whatever  between.  This  last  difficulty  would 
cause  so  much  risk  of  error  that  chains  are  gene- 
rally employed.  Here,  again,  each  link  must 
be  carefully  stretched— none  catching.  But  a 
more  material  error  arises  from  the  dilatation 
by  heat  {Expansion)  or  contraction  by  cold  of  the 
measures  in  question.  This  causes  a  difference  in 
the  actual  lengths  of  the  standard  to  which  we  refer 
quantities,  and  which,  though  not  very  great,  must 
be  carefully  allowed  for.  But  especially  diflficult 
is  it,  in  such  investigations,  to  succeed  in  getting 
a  perfectly  level  plane  along  which  the  straightline 
is  to  be  measured.  Valleys,  and  undulations,  and 
streams  the  most  inconsiderable,  may  prevent  this. 
Hence,  measurers  take  simply  one  line  at  first  in 
tiie  most  convenient  position  for  its  level,  and  cal- 
culate others  by  it,  by  trigonometric  observations 
and  processes.  But  there  remains  the  great  dif- 
ficulty of  measuring  any  sufficient  base  line. 
And,  in  taking  trigonometrical  observations  of 
the  bearing  of  distant  objects  on  the  Earth's  sur- 
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face,  it  will  be  found  lli.it  the  three  angles  of  any 
triangle  we  may  form  will  be  greater  than  180°. 
In  fact,  the  triangle  is  not  a  plane  one,  which 
might,  without  so  much  difl^iculty,  be  solved,  as  a 
spherical  one ;  and,  if  we  reduce  it  to  the  methods 
of  tlie  plane  triangle,  we  have  to  subtract  one- 
third  of  tlieir  spherical  excess,  from  each  of  the 
angles.  Then,  our  observations  of  angles  must 
be  made  on  objects  somewhat  elevated.  This 
gives  an  angle  very  slightly  different  from  what 
we  should  have  had,  if  the  object  viewed  had 
been  in  our  plane ;  but  so  diflTerent  that  the  cor- 
rection corresponding  must  be  calculated  and  ap- 
plied. Our  observations,  though  made  on  the 
horizon,  or  reduced  to  it,  in  each  case,  however,  are 
not  all,  perhaps,  made  at  the  same  level.  Great 
care  must  be  taken,  therefore,  in  applying  the 
necessary  corrections  for  this  eiTor  also.  Another 
correction  is  of  still  greater  importance.  Hori- 
zontal refraction  is  a  cause  of  very  considerable 
erl-or,  for  which  due  allowance  must  be  made  in 
all  observations.  The  air  is  denser  at  the  horizon, 
and  therefore  there  the  refraction  is  of  greater 
amount.  Average  corrections  can  be,  and  are 
applied  for  this,  but  no  corrections,  in  our  present 
position  as  to  meteorological  science,  can  be  quite 
satisfactory,  more  especially  if  the  horizontal  at- 
mosphere is  misettled  at  the  time.  It  will  be 
most  advisable,  therefore,  always  to  make  ob- 
servations when  the  atmosphere  is  quite  undis- 
turbed and  has  been  so  for  a  considerable  period. 
— These  remarks  will  give  an  idea  of  the  principal 
difficulties  in  conducting  geodetic  measurements. 
It  will  be  at  once  evident  that  the  more  difficult 
trigonometry  and  the  delicate  applications  of  the 
calculus  of  probabilities  will  be  required  for  them. 
— The  reader  is  referred  to  the  great  work  of 
Puissant. 

Geometry.  A  science  which,  as  the  name 
implies,  originated  in  efforts  to  measure  portions 
of  the  surface  of  the  Earth.  It  obtained  its 
foundation  in  Greece ;  but  it  was  not  long  ere  the 
singular  power  of  abstraction,  which  formed  so 
characteristic  a  feature  of  the  genius  of  the  people 
of  that  country,  raised  it  into  a  general  Science, 
concerned  about  determining  the  relations  of  all 
portions  of  Figurate  Magnitude.  Geometry,  in 
this  extended  sense,  is  a  science  of  the  purest 
kind.  Resting  on  a  few  elementary  conceptions, 
whose  truth  is  confirmed  either  by  elementary 
intuitions  or  universal  experience,  it  proceeds, 
by  way  of  pure  deduction,  never  again  postulat- 
ing any  fact— except  the  possibility  of  the  figaires 
it  supposes  constituted,  and  whose  properties  it 
undertakes  to  determine.  If  the  elementary  con- 
ceptions, at  the  root  of  this  system  of  deduction, 
should  be  suificiently  comprehensive  or  exhaus- 
tive, it  is  evident  that  no  flaw  need  exist  in  the 
deductive  process;  and  that  the  Geometer  by  the 
mere  exercise  of  logic  must  succeed  in  determin- 
ing the  relations  of  all  the  parts  of  any  conceiv- 
able form,  or  magnitude  in  space.  Some  critical 
questions  regarding  the  sufl^iciency  of  the  coii- 
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cpptions  ordinarily  received  as  elementary  will 

be  found  discussed  under  Parallel  Lines  

(ieometry  has  many  subdivisions,  some  origi- 
niiting  in  the  Itinds  of  magnitudes  treated,  others 
in  peculiarities  of  the  mode  in  which  they  are 
treated.  As  to  the  former  ground  of  division, 
the  separation  of  Plane  from  Solid  geometry,  has 
obtained  universal  currency,  and  will  be  under- 
stood without  definition :  the  distinctions  depend- 
ing on  the  latter  cause,  however,  require  certain 
elucidations,  and  are  briefly  explained  in  order, 
in  the  following  articles : — 

Oeonictrical  Analysis  and  Synthesis. 
The  mode  in  which  geometrical  demonstration 
was  usually  conducted  by  the  ancients,  and  all 
pure  geometers,  is  this, — a  new  truth  is  deduced 
or  shown  to  follow  necessarily,  from  combinations 
of  truths  already  established.  Euclid,  for  in- 
stance, makes  every  proposition  depend  strictly 
on  preceding  propositions ;  and  the  truth  of  that 
new  proposition  comes  out  as  the  Q.  E.  D.  at  the 
close  of  every  demonstration.  This  process  is  the 
formal  Geometrical  Synthesis.  But,  although 
l)0werful  for  demonstration.,  this  Synthesis  was 
not  found  fertile  as  to  invention ;  or  well  calculated 
to  enable  the  Geometer  to  find  the  mode  of  de- 
monstration. And  he  called  to  his  aid,  the  much 
less  arduous  process  of  A  nalysis.  In  this  process, 
the  truth  to  be  proved  is  assumed  as  true,  or  the 
construction  to  be  established  imagined  as  already 
completed.  Eeasoning  baclcwards,  from  either 
assumption,  any  one  skilled  in  such  analysis  will 
very  soon  arrive  at  some  elementary  truth,  or  some 
simple  construction  on  which  his  first  assumption 
depends,  or  which  it  clearly  involves ;  and  thus 
he  obtains  a  ready  guide  to  the  erection  of  his 
Synthesis.  The  Greeks  made  extensive  use  of 
the  method  of  discovery  by  Analysis;  and  we 
have  in  the  fragments  they  have  left,  many  fine 
examples  of  it.  The  student  of  elementary  geo- 
metr}',  ought,  on  every  account,  to  familiarize 
himself  with  this  most  elegant  practice ;  and  he 
will  find  no  better  instructor  than  in  a  volume 
expressly  devoted  to  its  exposition  by  the  late 
Professor  Leslie  of  Edinburgh, — a  work,  probably 
the  most  permanently  advantageous — of  all  the 
contributions  to  science — offered  by  this  very  in- 
genious Inquirer. 

(ircoinctry,  Analytical  or  Algebraical. 
The  entire  structure  of  this  most  important  mode 
of  contemplating  Fiyui-e,  and  deducing  the  pro- 
jierties  of  Figurate  Magnitude,  may  be  said  to 
have  been  completed  by  the  illustrious  Descartes. 
To  define  Analytical  Geometry  in  the  most 
general  manner,  we  may  say  that  it  is  tlie  art 
of  reducing  the  quality  of  Fi(/ure  within  the  cate- 
gory of  the  quantity  or  Number;  a  curve,  of 
whatever  complicacy,  or  any  solid— whether  witli 
plane  or  curved  surfaces,— may  be  represented 
and  perfectly  defined,  in  the  method  of  Descartes, 
by  pure  Algebraical  or  Transcendental  Equations. 
It  is  impossible  to  overrate  the  impulse  given 
to  geometrical  research,  or  the  amount  of  un- 
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looked  for  power  placed  in  the  hands  of  geometers, 
by  this  one  stroke  of  genius :  it  changed  the  en- 
tire aspect,  and  indefinitely  enlarged  tlie  bound- 
aries of  Inquiry,  whether  in  Geometry,  or  in 
Dynamical  Science;  and  most  of  the  new  methods 
in  the  Calculus— most  of  those  extensions  which, 
since  then,  have  marked  the  onward  course  of  pure 
Analysis,  must,  in  simple  justice,  be  attributed 
to  it,  as  their  exciting  cause.  The  leading  features 
of  this  remarkable  method  have  been  already 
popularly  explained  under  Co-ordinatks;  and 
we  shall  further  speak  of  it,  in  the  way  of  critical 
appreciation,  under  Quaternions.  Excellent 
treatises  on  Analytical  Geometry  and  every  por- 
tion of  it,  are  so  numerous,  that  specification  were 
needless.  Some  of  the  steps  by  which  it  has 
been  advanced  will  be  signalized,  in  the  historical 
article  immediately  subjoined. 

Crcometry,  Descriptirc.  A  method  in 
geometry  due  to  the  illustrious  Monge, — one  of 
the  most  brilliant  of  those  geniuses  which,  like  a 
galaxy,  adorned  the  sky  of  France,  in  the  times 
of  tliB  Eevolution  and  the  early  Empire.  The 
object  of  this  method  is,  to  represent  on  two  plane 
surfaces — two  rectangular  or  other  planes — the 
elements  and  character  of  any  body  of  three 
dimensions ;  in  other  words,  to  represent  by  a 
plane  figure  all  the  elements  necessary  to  define 
and  enable  us  to  describe  any  figure  of  three 
dimensions.  Evidcnth',  such  a  Geometry  is  only 
an  extension  or  general  application  of  the  prin- 
ciple of  Projections ;  and,  as  such,  it  must  be  said 
to  have  always  existed.  We  find  traces  of  it 
among  the  Ancients;  we  find  it  approached  almost 
in  due  generality  by  Desargues ;  and  every  great 
architect  must,  however  imperfectly  and  uncon- 
scientiously,  have  employed  it:  nevertheless,  it 
was  reserved  for  Monge,  to  connect  this  whole 
order  of  questions,  and  base  them  on  a  few  abstract 
and  elementary  operations,  as  weU  as  to  present 
them  in  a  special  treatise,  which  bestowed  on  them 
tlie  character  of  a  theory  or  doctrine  wholly  in- 
dependent of  the  specialties  that  gave  rise  to 
former  diverse  and  isolated  practices.  The 
practical  value  of  this  great  step  in  Science  was 
at  once  recognized  by  the  French  Convention: 
and  it  cannot  be  doubted  that  the  great  theoretical 
superiority  of  civil  and  military  engineering  across 
the  channel,  even  at  this  moment,  is  owing  to  an 
early  familiarity  with  procedures  that  have  yet 
scarcely  found  a  resting  place  among  the  schools 
of  England.  Descriptive  Geometry,  simple  and 
accessible  in  all  its  processes,  presents  a  very  throng 
of  praclical  applications.  Let  us  specify — perspec- 
tive; the  construction  of  reliefs;  the  determination 
of  shadows;  gnomonics;  stone-cutting;  carpentry; 
tlie  planning  of  roads  and  canals  in  countries  of 
varied  contour;  naval  constructions;  the  direction 
of  mines;  and  much  of  the  science  of  fortifica- 
tion.— The  student  can  yet  obtain  no  better 
guide  than  tlie  work  of  Monge  himself:  but  we 
refer  him  also  to  the  volumes  by  I-e  Koy  nn<\ 
Olivier.    A  treatise  has  rcceutly  been  published 
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in  this  conntry  with  special  referonco  to  sliip- 
.  building,  by  Professor  Wooley. 

Oeonietry,  the  lligher.  GeomelrieSuperie- 
I  we.    A  series  of  modern  researclies,  is  fully  en- 
titled to  this  name,  which — partly  by  introducing 
1  new  formal  methods,  partly  by  realiznig  the  geo- 
1  metrical  use  and  application  of  Imagiiiarie^,  partly 
1  by  discerning  the  great  importance  and  wide 
I  application  of  a  few  propositions  connected  wi'.h 
Diver ffing  Lines — has  really  bestowed  on  the  ordi- 
I  nary  geometrs',  an  efficacy  in  research,  which  it 
i  did  not  obtain  even  from  Descartes.  This 
;  Higher  Geometry  has  not  hitherto  been  much, 
cultivated  in  Great  Britain :  the  genius  of  Cam- 
1  bridge  is  still  purely  annlytical.    But  the  suc- 
cessful culture  of  it,  is  a  distinguishing  feature  of 
that  remarkable  School,  of  which  Trinity  College 
Dublin,  is  the  centre  and  Alma  Mater;  nor  have 
we,  personally,  the  slightest  doubt  that  the 
:  labours  of  this  school,  in  this  and  even  more  ardu- 
ous ways,  is  destined  to  impress  a  most  beneficial 
?  influence  on  all  future  geometrical  inquirj'.  The 
student  is  referred  to  the  Elementary  Treatise  by 
Professor  Mulcahy,  and  especially  to  Mr.  Salmon's 
'  works  on  Conic  Sections  and  the  Higher  Cw'res. 

But  the  model  and  satisfactory  book,  in  the 
^  meantime,  is  the  volume  by  Chasles,  entitled 
Geometric  Stiperieure.  Brief  descriptions  of  a 
few  of  the  methods  and  conceptions  at  the  basis 
of  this  new  geometry,  will  be  found  under 
Involution;  Pencils  Harmonic;  Polars; 
Peojections;  Proportion  Harmonic;  Eatio 
'  Anharmonic;  and  Transversals.  The  ,  ex- 
planations given  under  these  notices  are  of  course 
supposed  to  be  known  by  the  reader  of  onr  sub- 
sequent slight  sketch  of  the  History  of  Geometrj-. 
Geomeiry,  Symbolical.  Under  Algebra 
"  it  was  stated  that  the  signification  of  the  usual 
signs  of  operation,  viz.,  -J-,  — ,  X,  and  -f-, 
altiiough  originally  representing  mere  arithmetical 
action  on  numbers,  need  not  be  limited  within 
the  narrow  circle  placed  around  them  by  the 
circumstances  of  their  origin.  On  the  contrarj'-, 
they  may  be  taken  as  the  signs  of  any  general 
^  set  of  relations  which  stand  towards  each  other 
'  according  to  the  fundamental  or  abstract  condi- 
tions, which,  under  a  special  and  very  limited 
form,  connect  these  arithmetical  signs'  Hence 
the  important  idea  of  a  calculus  of  operatims : 
hf  nee  also  the  farther  and  eminently  prolific  idea 
that,  if  the  fundamental  relations  of  any  science 
can  be  placed  within  the  category  of  relations 
represented  by  -f ,  — ,  x,  and  -f-,  there  is  at 
once  accessible  for  the  advancement  of  that  science 
or  branch  of  inquiry,  the  entire  mass  of  subtle 
methods  hitherto  elaborated  for  the  service  of 
pore  analysis  alone.  Symbolical  Geometry 
means,  at  its  root,  the  geometrical  interpretation 
and  application  of  those  originally  arithmetical 
signs.  The  student  will  easiest  be  introduced  to 
Its  nature,  by  the  study  of  parts  of  Professor  De 
i^lorgan's  work  on  Trigonometry:  but  it  were 
gross  injustice  to  withhold  the  tribute  from  Sir 
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William  Hamilton  of  Dublin,  that  in  a  succession 
of  papers,  in  various  scicntilic  journals,  he  lirst 
of  all,  and  most  tlioroughly  of  all,  has  shown  the 
resources  of  this  metliod  of  applying  algebraical 
signs.  Sir  William  Hamilton  has  otlier  and  far 
higher  claims  on  the  respect  of  this  age;  he  is 
svu-e  of  the  respect  of  the  future.  The  Founder  of 
a  new  Geometrj',  the  originator  of  a  mode  of 
reducing  Form  under  the  category  of  Quantity, 
simpler  in  reality  tlian  what  is  contained  in  the 
conception  of  Descartes,  and  far  more  fertile  and 
powerful — may  not  consider  the  subject  of  Sym- 
bolical Geometry  as  cursorily  sketched  by  him, 
worthy  of  that  continuous  attention  which  all 
other  Geometers  desire  it  should  obtain  at  his 
hands:  nevertheless,  no  intelligent  student  of  the 
Essays  alluded  to,  will  refrain  from  otFering  him 
his  earnest  thanks.  They  belong  to  those  few 
things  in  the  mathematics  of  our  present,  rather 
formal,  day,  which  indicate  the  certain  advances 
and  potency  of  the  future. 

Oeometi'y,  History  of.  The  Plistory  of 
Geometrical  Science — using  that  term  in  its  widest 
sense — having  a  much  greaX&v  positive  value  than 
the  history  of  almost  any  other  branch  of  Physics 
or  Mathematics,  it  has  been  considered  expedient 
to  depart,  to  some  extent,  from  the  general  plan 
of  this  volume,  and  to  make  it  the  substance  of 
a  separate  and  detailed  article.  The  subject  na- 
turally divides  itself  into  three  heads  : — the  His- 
tory of  Geometry  among  the  Ancients;  the 
History  of  Geometry  durmg  the  Middle  Ages, 
and  up  to  the  commencement  of  the  Nineteenth 
Century ;  and  its  History  during  what  has  passed 
of  the  Nineteenth  Century.  This  arrangement 
is  commended  by  the  distinctive  nature  of  the 
progress,  which  has  signalized  these  three  impor- 
tant periods. 

(1.)  History  of  Geometry  among  the  Ancients. 
— As  already  briefly  intimated,  the  Greeks  had 
perfected  both  methods  of  geometrical  investiga- 
tion (see  Geometrical  Analysis  and  Syn- 
thesis)— that  method  by  Synthesis,  or  the  way 
of  advancing  from  known  to  unknown  truths 
which  is  so  finely  exemplified  throughout  the 
Elements  of  Euclid ;  and  the  method  of  Geometri- 
cal Analysis — illustrated  also  by  Euclid  in  the 
artifice  of  the  reduclio  ad  ahsurdum — which  pro- 
ceeds by  assuming  as  true,  the  proposition  about 
to  be  demonstrated,  or  the  proposed  problem  as 
already  resolved,  and  descending  from  tlie  hypo- 
thesis, by  clear  logical  steps,  until  some  kno-\vn 
trutli  is  reached,  or  some  elementarj'  and  possible 
construction  obtained. — The  Greeks,  in  full  pos- 
session of  these  two  powerful  metliods,  and  aided 
by  that  singular  subtlety  of  intellect  and  fondness 
for  speculation,  which  so  eminently  belonged  to 
them,  appear  to  have  succeeded  in  reaching  a 
grand  and  symmetrical  fabric  of  Geometrical  truth, 
which  certainly  may  contest  the  palm  with  the 
achievements  of  an^*  age,  and  whoso  positive  value 
has  only  been  surpassed  by  tlie  acquisitions  of  onr 
own.    Unfortunatclj' — through  the  loss  of  many 
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of  their  most  important  treatises— we  are  reduced, 
ill  frequent  cases,  to  guess  merely  as  to  tlie  con- 
tents of  these  elaborate  works;  and  our  only  clue 
is  found  in  the  fragmentary  and  often  enigniatical 
Collections  of  Pappus,— an  author  whose  writings 
assuredly  demand  from  Scholars  a  complete  and 
critical  edition— the  more  especially,  as  invalu- 
able materials  for  it  exist,  under  the  hand  of 
liobert  Simson,  Avithin  the  Library  of  the  Uni- 
versity of  Glasgow.    There  were  three  divisions 
of  geometrical  science  in  those  days :— the  first, 
that  of  the  Elements,  now  represented  by  the 
•well  known  Euclid;  the  second,  occupied  with 
Practical  Geometry  or  Geodesy;  and  the  third, 
that  virtual  parent  of  our  own  Higher  Geometry, 
■wherein  all  investigations  were  mainly  conducted 
by  Analysis.    According  to  Pappus,  the  treatises 
forming  this  Higher  Geometry,  were  as  foUoivs : 
—I.  The  Data  of  Euclid.    J  I.  The  Section  of 
Itatios  by  Apollonius.    III.  Two  books  of  the 
Section  of  Space;  two  of  the  Determinate  Section; 
and  two  concerning  Contacts  or  Tangencies,  also 
by  Apollonius.    IV.  Three  books  oi  Porisms  by 
Euclid.    V.  Two  books  on  Inclination ;  two  on 
Loci  Plani,  and  eight  on  Conic  Sections,  again  hy 
Apollonius.    VI.  Two  books  on  Solid  Loci,  by 
the  elder  Aristajus.    VII.  Two  books  on  Loci  ore 
Surfaces  (probably  curves  of  double  curvature), 
by  the  fertile  Euclid.    And,  VIII.  Two  books 
on  3Iean  Ratios,  by  Eratosthenes.— But  of  all 
these  treatises,  three  only  have  reached  us ;  viz., 
the  Data  of  Euclid,  the  seven  first  books  of  the 
Conies  of  Apollonius,  and  an  Arabic  translation 
of  the  Section  of  Ratios,  by  the  same  great  geo- 
meter.   Several  other  treatises  have  been  at- 
tempted to  be  restored,  in  accordance  with  the 
hints  of  Pappus;  none  more  ingeniously  than 
that  of  Porisms,  by  Robert  Simson,  to  which, 
because  of  its  rare  importance,  we  have  devoted  a 
separate  article  (Ponisai).    Among  those  works 
■which  have  escaped  the  moths  of  ages,  we  must, 
of  course,  reckon  among  the  greatest,  the  ■n'orks 
of  Archimedes,  rich  as  they  are  in  geometrical 
truths,  and  in  the  suggestion  of  methods;  nor 
ought  the  historian  to  overlook  the  A  Imagest  of 
Ptolemy,  a  treatise  evincing  ingenuity',  and  offer- 
ing instruction  in  every  chapter,  but,  unfortun- 
ately, occupied  with  the  exposition  of  a  false  and 
cumbrous  astronomj-,   and,   therefore,  seldom 
studied,  unless  by  the  Antiquarian. — If  one  would 
estimate  aright  the  permanent  scientific  value  of 
this  Ancient  or  Greek  Geometry,  a  distinction 
must  bo  carefulh'  made.    That  Geometry  had 
two  purposes: — Onr,  to  JIiiAsuRE  magnitudes, 
linear,  plane,  or  solid ;  i.e.  to  compute  how  often 
a  certain  unit  of  linear,  superficial,  or  solid  mag- 
nitude is  repeated  or  contained  in  an}'  line  right 
or  curved ;    in  any  supcrjicie-s,  rectilineal,  or 
curvilineal;  or  in  any  solid,  whatever  the  char- 
acter of  the  surfaces  by  which  it  is  bounded. 
Within  the  sphere  of  this  portion  of  geometrical 
science,  the  usefulness  of  the  lalionrs  of  the 
ancients  may  be  said  to  have  long  terminated ; 
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only,  however,  because  the  methods  invented  and 
employed  by  Euclid  and  Archimedes  have  been 
perfected.    The  transition  from  the  measurement 
of  rectilineal  quantities  to  the  measurement  of 
curvilineal,  is,  in  a  purely  geometrical  sense,  the 
object  of  the  Intinitesimal  Calculus;  but,  although 
we  have  so  far  improved  our  algorithm,  that  a  I 
reversion  to  the  ancient  methods  would,  in  any 
case  be  considered  only  a  wasteful  retrograding, 
it  must  never  be  forgotten,  that  the  true  logical 
foundations  of  the  Modern  Calculus;  viz.,"  the  I 
method  of  Limits,  or  of  Prime  and  Vllimatei 
Ratios,  must  be  traced  to  the  Greek  method  of  I 
Exhaustions.  In  this  important  respect,  while  the  [ 
ingenious  Cavalieri  preceded  Leibnitz,  the  far 
more  powerful  spirit  of  Archimedes  was  the 
worthy  precursor  of  Newton.    But  it  is  surely 
something,  that  the  practical  value  of  these  early 
logical  methods,  terminated  only  at  an  epoch  so 
recent,  as  that  of  the  most  illustrious  of  oarl 
modern  geometers. — The  Second  great  division 
of  the  Greek  Geometry,  consisted  in  the  effort  to 
discover  the  relations  of  the  parts  of  figurata 
magnitude, — to  determine,  in  fact,  and  define, 
the  various  attributes  of  Form.    Success  m  the 
former  effort  necessarily  involved  great  advance- 1 
ment  and  success  in  this  one;  but  the  Greekl 
Higher  Geometry  had  evidently  advanced  so  farl 
in  the  latter  class  of  investigations,  that  theJ 
most  accomplished  modern  inquirer  in  this  spe-| 
cial  walk,  would  assuredly  welcome,  as  a  great! 
probable  aid,  the  recoverj'  of  any  of  the  lostl 
treatises  whose  titles  have  been  transmitted  by| 
Pappus.    In  truth,  the  significance  of  many  of 
the  enunciations  in  Pappus,  have  only  beenl 
di\'ined,  through  aid  of  geometrical  discoveriesl 
that  contribute  to  the  scientific  glory  of  the! 
nineteenth  century; — the  germs  of  speculations! 
are  met  there,  that  might  have  emanated  froml 
the  schools  of  Carnot  and  Monge.    That  anspi-| 
cious  re-opening  of  the  East,  which  may  fairlyl 
be  looked  for,  as  one  sure  result  of  our  recent! 
struggle  with  ]\Iuscovy,  will  probabh'  reveal  somel 
of  the  riches  of  these  ancient  times,  throughl 
medium  of  Arabic  manuscripts,  now  rotting  inl 
what  they  term  'libraries,'  in  those  useless  and! 
already  rotted  monasteries  of  the  Eastern  Church. 

(2.)  History  of  iJediceval  Geomeiry,  and  o1 
Discovery  down  to  Hie  close  of  the  Eightea 
Century. — The  period  to  which  reference  is  not. 
to  be  made,  was  distinguished  by  three  grand 
achievements.    Multitudes  of  potent  geometers 
illustrated  these  centuries,  and  everA-  one  of  the 
steps  now  to  be  commemorated,  requii-ed  the  co-. 
operation  of  many  minds  to  consunnnate  it ;  but 
we  cannot,  in  this  place,  refer  to  special  labours, 
nor  attempt  to  determine  the  amount  of  dcs,  1 1 
belonging  to  the  concurrents,  in  each  of  these, 
momentous  discoveries.    The  points,  on  ■which'" 
the  student  of  history  will  always  rest^  are  th^ 
following. — I.  In  the  hands  of  Vieta,  fii-st  arose 
the  invaluable  science  of  Symbols.  Arithmetical 
Algebra  existed,  previous  to  the  labours  of  the 
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'  illustrious  Frenchman :  to  him  is  unquestionably 
owing  the  idea  of  a  science  of  abstract  symbols, 
and  the  conception  that  such  symbols  might  be 
subjected  to  all  the  operations,  by  which  numbers 
1  alone  had  been  previously  combined,  or  to  ope- 
rations  similar  to  these.    From  the  moment  of 
this  happy  discovery,  the  possibilities  of  a  new 
:  method  of  treatment  in  geometry  arose.  Linear 
.  and  angular  functions  might,  lilie  every  other 
species  of  quantity,  be  represented  by  abstract 
s}Tnbols,  and  their  relations  laid  down  in  equa- 
:  tions.    Hence,  too,  the  modern  vicious  meaning 
1  imposed  on  the  term  analysis.    Analytic  reason- 
:  ing  being  conducted  most  easily  by  aid  of  this 
:  general  symbolic  language,  mere  algebraic  geo- 
:  metry  came  to  be  termed  Analysis,  as  if  b_v  special 
1  right;  while  the  former  Greek  method  retained 
I  the  name  of  Synthesis.    A  mistake  of  far  larger 
1  reach  than  a  mere  misapplication  of  words ;  and 
.  which  it  behoves  tlie  accurate  student  veiy  care- 
■  fully  to  correct.    The  term  analysis  ought  ever 
to  be  applied  to  that  mental  operation  which  re- 
solves or  decomposes  a  proposition  into  its  ele- 
:  mentary  and  constituent  parts — an  ojieration  im- 
plying an  attentive  scrutiny  of  the  thing  con- 
i  sidered — in  itself,  and  in  all  its  properties.  Or  to 
.  render  the  point  perfectly  clear,  let  us  add  the 
words  of  Poinsot : — "  True  analysis  consists  in  the 
attentive  examination  of  the  problem  to  be  re- 
solved; and  in  those  first  re.isonings  by  which  we 
1  enable  ourselves  to  express  it  in  the  form  of 
equations.    To  transform  these  equations  after- 
wards; that  is  to  say,  to  combine  them  with  each 
other,  or  with  other  evident  ones,  is,  at  the  root,  a 
:  simple  Synthesis;  unless,  indeed,  the  idea  of  any 
•  transformation  be  suggested  by  some  new  mental 
'  act,  or  some  new  and  original  reasoning,  which,  of 
course,  would  be  a  new  act  of  Analysis.  Apart 

-  from  this  light-giving  procedure,  there  is  no  An- 
alysis ;  but  only  an  obscure  Synthesis  of  algebraic 
formulae,  which — so  to  speak — we  lay,  the  one  over 
the  other,  without  seeing  very  clearlj'  what  may 
come  out  of  the  constitution."  1 1  has  been  deemed 

.  the  more  needful  to  make  this  distinction,  be- 
cause the  discovery  by  Vieta,  and  his  firm  estab- 
lishment of  a  special  logistic,  has  been  represented 
as  the  discovery  of  a  substitute  for  those  fine  and 
subtle  plays  of  the  spirit,  that  so  delight  every 
intellect  versant  with  the  labours  of  the  illus- 

-  trious  ancient  geometers  II.  By  the  Greeks, 

for  the  most  part,  problems  were  viewed  as  indi- 

'  viduals,  and  treated  as  such.  As  time  proceeded, 
advances  were  made,  with  the  important  aim  of 
treating  them  in  species,  or  even  genera;  that  is 
to  say,  of  detecting  general  solutions  which  should 
be  applicable  to  large  masses  of  geometrical  mag- 
nitude and  forms.  It  were  heavy  injustice  to 
omit  the  name  of  Desargues,  a  geometer  of  Lyons, 
^vho  laboured  in  this  direction,  with  success  so 
remarkable,  that,  in  the  opinion  of  Poncelct,  he 
merits  the  appellation  of  the  Monge  of  his  age  ; 
--unqnestionably  the  germs  of  mucli  that  dis- 
unguishes  the  Higher  Geometry  of  our  own  time, 
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are  found  in  his  work  on  Conies.  But  the  glory 
of  establishing  a  truly  univer.sal  metliod,  is  due 
to  Descartes,  who,  grasping  the  algorithm  of 
Vieta,  founded  tliat  Analytical  Geometry  whicli, 
ever  since  his  period,  has  been  so  powerful  an 
engine  in  the  hands  of  every  inquirer.  Already 
we  have  explained  his  method  of  Co-ordinates, 
and  briefly  appreciated  its  resources ;  nor  shall  we 
here  resume  the  subject,  or  more  than  indicate 
the  amount,  which  it  owed  for  the  promotion  of 
its  success  and  acceptance,  to  the  subsequent 
labours  of  Clairaut  and  Cramer.  One  remark, 
however,  is  essential.  By  the  Cartesian  method, 
problems  regarding  form  are  immediately  thrown 
into  equations ;  and  the  subsequent  treatment  is 
mainly  that  Synlkesis,wh.\ch  Poinsot,  in  the  words 
already  quoted,  has  aptly  termed  a  mere  super- 
position of  equations.  Notwithstanding  the 
amazing  facility  afforded  by  the  use  of  this 
method,  it  becomes  therefore  a  question,  whether 
its  constant  and  inordinate  use,  has  not  deprived 
the  study  of  Mathematical  Science  of  one  of  its 
inestimable  benefits — its  power  to  encourage  ori- 
ginal tiiought — to  exercise  the  best  of  our  mental 
powers?  History,  it  is  to  be  feared,  will  not 
pronounce  favourably  concerning  it,  in  this  re- 
spect ;  nor  is  better  proof  needed  than  the  frequent 
incapacity  of  mere  analysts,  to  grasp  thoronghly 
a  solid  geometrical  or  d^-namical  truth,  or  the 
mass  of  merely  fantastic  -writing  on  real  Physics 
which  one  finds  among  the  volumes  of  a  Euler, 
or  if  one's  reverence  would  permit  one  to  say  it, 
even  in  some  pages  of  Laplace.  Happily,  a  reac- 
tion is  occurring.  Men  of  the  age  of  which  we  are 
writing — men  like  Desargues,  like  Halle}',  like 
our  Scottish  Maclaurin — had  scattered  through 
their  writings  good  general  principles  of  anotlier 
order,  by  which  geometry  could  be  treated  gene- 
rally without  ceasing  to  be  Geometrj^;  and  these, 
fertilized  by  the  genius  of  Carnot,  Monge,  Pon- 
celet,  Hamilton,  and  several  more,  have  sprung 
up  into  what  is  already  the  goodly  and  more 
healthful  gi'owth  of  our  Modern  Geometrj'. — 
III.  The  third  grand  achievement  of  the  age, 
whose  services  we  are  recording,  has  already  been 
discussed  and  explained  in  tliis  Dictionary  (see 
Calculus,  &c.)  It  consisted  in  the  perfecting, 
by  Newton  and  Leibnitz,  of  the  ancient  method 
of  Exhaustions,  and  the  Method  of  Indivisibles, 
by  Cavalieri.  There  is  no  need,  again,  to  speak 
of  the  origin  of  that  Calculus,  or  of  its  vast  efficacy 
and  range.  All  difficulties  in  the  way  of  the 
transition  from  consideration  of  rectilineal  to  that 
of  curvilineal  forms,  it  has  extinguished  for  ever; 
and  it  grasps,  with  every  case,  the  whole  extent 
of  the  problem  as  to  the  measure  of  magnitudes. 
But  the  student  who  is  not  a  mere  tradesman, 
should  not  be  satisfied  with  knowing  this  Cal- 
culus, us  it  now  exists,  or  using  it  as  an  Art. 
Let  him  study  it  as  it  grew, — from  its  first  and 
obscure  vitality,  in  the  writings  of  Format,  of 
Pascal,  and  Barrow,  to  its  living  form,  as  first 
wielded  by  Newton,  by  Leibnitz,  by  the  Bcr- 
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nouillis,  and  their  illustrious  companions.  This 
Calculus,  in  its  applications  to  Geometry  (  with 
which  alone  we  have  at  present  to  do),  has  had 
much  of  its  form  and  specific  methods  impressed 
on  it,  by  the  universal  use  of  the  Geometry  of 
Descartes:  but  its  foundations  are  firm  and" in- 
dependent, and  new  modes  of  applying  it  will 
arise,  should  the  requirements  of  another  Geo- 
metry demand  them. 

(3.)  History  of  the  Geometry  of  the  Nineteenth 
Century. — The  works  that  led  the  way  towards 
those  researches  which  now  constitute  our  Higher 
Geometry,  are  unquestionably  those  of  Monge 
and  Carnot.    Of  the  volume  by  Monge,  entitled 
Application  de  V Analyse  a  la  Geometrie,  we  shall 
not  speak.    It  is  a  virtual  continuation  of  the 
Geometry  of  Descartes — reposing  on  the  ana- 
lysis of  Infinitesimals,  as  the  work  of  the  former 
does  on  that  of  finite  quantities.    Monge,  as 
usual  with  him,  handles  his  subject  originally — 
bestowing  upon  it  every  conceivable  extension ; 
and  the  relations  he  establishes,  between  equations 
of  partial  differences  and  certain  classes  of  sur- 
faces, offer  fine  examples  of  the  reciprocal  aid  and 
illustration  which  Geometry  and  Analysis  always 
alford  to  each  other.    Already  full  reference  has 
been  made  to  the  far  more  distinguished  achieve- 
ment of  this  great  Frenchman,  as  constituted  by 
his  Geometrie  Descriptive  (see  Geometry  De- 
scriptive); but  it  ought  to  be  especially  men- 
tioned, that,  besides  its  merit  as  the  Elements  of 
a  new  form  of  Geometrical  Science,  it  contains, 
richly  strewn  among  its  pages,  hints  and  specu- 
lations, which  have  amply  fulfilled  the  purpose  of 
their  Author,  by  stirring  up  inquirers  interested 
in  the  large  domain  of  general  Geometry.  To 
Camot  we  must  refer  in  greater  detail.  His 
labours  had  for  their  special  object  the  extension 
of  the  Geometry  of  the  Ancients.    Their  elements 
lie  in  the  labours  of  Robert  Siinson,  of  Maclaurin, 
of  M.  Stewart;  but  they  are  stamped  with  that 
spirit  of  generality  which  one  finds  previously,  in 
the  witings  of  Desargues  and  Pascal  alone. 
Carnot's  first  contribution  to  general  geometry  is 
what  he  termed  the  Principle  of  the  Correlation 
of  Figures;  and  which  has  since  been  farther 
generalized  under  the  name  of  the  Principle  of 
Continuity.    At  all  former  times,  it  was  consi- 
dered necessary  by  pure  Geometers,  to  offer  as 
many  demonstrations  of  a  proposition  as  the  form 
to  which  it  related,  could  take  on  different  aspects; 
Camot  proved  that  one  demonstration  applied  to 
a  sufficiently  general  state  or  condition  of  the 
figure,  was  universally  ai)plicable ;  and  could  be 
reulized  for  every  specific  state,  by  a  right  use 
and  interpretation  of  the  positive  and  negative 
symbol,  in  Geometry.  It  would  scarcely  be  con- 
ceived, how  vast  an  amount  of  generality,  ease, 
and  vigour,  this  simple,  but  energetic  conception, 
lifis  infused  into  Geometry!     Carnot's  second 
achievement  was  his  Theory  of  Transversah — 
also,  a  method,  much  more  than  a  collection  of 
Propositions.    The  tract  in  which  he  exposed  it, 
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consists  of  a  set  of  theorems,  expressing  the  rela- 
tions among  the  segments  of  a  system  of  lines, 
cut  by  any  transversal  straight  line  or  curve. 
He  shows  that  these  relations,  which  are  usually 
expressed  by  equations  of  two  terms — are  the 
same  in  projections  of  the  figure,  whether  per- 
spective or  orthogonal ;  and  that  the  same  rela- 
tions hold,  among  the  sines  of  the  angles  of  the 
projecting  straight  lines.    Traces  of  the  Theory 
of  Transversals  are  found  in  Pappus;  but  among 
the  moderns,  Carnot  had  the  honour  of  reviving 
it,  and  of  shoAving  its  immense  power  in  simpli- 
fying extensive  classes  of  demonstrations.  As 
given  by  this  great  Geometer,  the  Theory  of 
Transversals  is  the  foundation  of  the  remarkable 
Traite  des  Proprietes  Projectives,  by  M.  Pon- 
celet,  in  which  we  find,  for  the  first  time,  that 
marvellous  Theorie  des  Polaires — a  method  which, 
by  affording  the  means  of  inventing  at  will,  and 
in  a  way  almost  mechanical,  theorems  exceed- 
ingly diverse,  yet  all  springing  from  one  root, 
constitutes  one  of  the  most  fertile  resources  of  the 
Modern  Geometry.    It  were  vain  to  endeavour 
here,  to  characterize,  or  even  enumerate,  the  many 
labourers  who  have  recently  wrought  wth  effect 
in  this  comparatively  new  and  fertile  field.  In 
Germany,  in  France,  in  Italy,  men  of  highest 
ability  have  been  attracted  by  its  promLse:  nor 
must  we  forget  our  o^vn  Dublin,  or  the  contribu- 
tions of  a  MaccuUagh — above  all,  of  our  Hamil- 
ton, and  the  admirable  writings  of  Mr.  Salmon. 
What  has  been  done,  however,  is  yet  only  a  pro- 
mise, or  a  bud;  nevertheless,  the  nature  of  the 
fruit  is  clear :  what  Poinsot  has  done  for  Statics, 
is  being  accomplished  for  Geometry; — we  shall 
no  longer  be  satisfied  to  reach  results  by  a  sort  of 
legerdemain,  but  through  processes,  of  which 
every  step  has  a  clear  significance,  in  which 
things  can  never  be  forgotten  or  obliterated  by 
their  symbols,  and  whose  development  therefore, 
must  keep  distinct  before  the  eye,  that  chain  of 
real  cause  and  effect  which  exists  in  Nature  itself. 
It  is  not  to  be  doubted,  that,  under  such  condi- 
tions. Geometry  might  become,  as  it  was  of  old, 
a  high  mental  discipline.    Emancipated  alike 
from  its  ancient  elements  and  mediajval  symbol- 
ism, no  study  could  be  a  greater  fiivourite  with 
the  3'oung  and  aspiring;  nor  may  it  be  presump- 
tuous to  hope,  that  the  great  Universities  of 
England,  in  their  efforts  to  regenerate  tJieir  intel- 
lectual discipline,  will  soon  inquire,  whether,  in 
this  matter  of  their  teaching,  there  is  not  much 
to  regenerate. — The  student  is  earnestly  recom- 
mended to  the  recent  most  important  volume  by 
M.  Chasles,  entitled  Geome.lrie  Siiperieure.  Sepa- 
rate articles  in  the  Dictionary  have  already  beea 
referred  to. 

Crcor^ium  8itlus.    See  Uranus. 

Cicyscrs.  Hot  springs  in  Iceland,  which 
burst  up  from  the  Earth,  carrying  masses  of 
stone  along  with  them.  Their  origin  is  evidently 
volcanic.  Tiie  ivatcr  at  the  surface  of  the  great 
spring  in  Iceland  is  85°  Cent.,  and  at  the  bottom 
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as  high  as  127°-5.  The  water  at  the  bottom  is 
liottest  before,  and  coldest  after  a  great  eruption, 
but  that  at  the  top  it  seems  very  little,  if  at  all, 
iiflfected  by  it.  A  geological  explanation  of  tliis 
is  given  "by  Lyell  in  his  Principles  of  Geology, 
to  which  we  refer  the  reader.  Ilerschel  pre- 
sents the  phenomenon  in  a  sufficiently  suggestive 
wav.  Take  a  tobacco-pipe  and  heat  the  shank 
red'  hot ;  then  fill  the  bowl  with  cold  water — 
jiainclining  the  pipe  a  little.  The  water  will  flow 
Eiinto  the  shank,  a  series  of  violent  explosions 
»  wUl  result,  in  which,  as  in  the  actual  case  of  the 
liGeysers,  a  gush  of  vapour  is  always  projected 
bi before  the  jet  of  water.  The  interval  between 
th  the  explosions  seems  to  depend  on  the  degree  of 
b<beai  and  the  amount  of  inclination  of  the  tube; — 
tttheir  duration,  on  its  thickness,  and  its  conduct- 
in  ing  power. 

Gibbous.    Convex  on  both  sides,  as  the 
nmoon  appears  when  more  than  half  advanced. 

Glaciers.  Immense  masses  of  ice  which  fill 
(!■  the  slopes  of  Mount  Blanc,  and  the  Alpine  Eauge 
■*  of  the  Pyrenees,  the  Balkan,  and  every  mountain 
rt  chain  over  the  world,  which  rise  so  high,  as  to 
|)i  pierce  the  limit  of  perpetual  snows.  They  are 
tl  thick  heavy  layers,  frequently  very  irregular,  and 
»  sometimes  extending  far  down  into  the  valleys 
h  below  the  limit  of  snows.  The  explanations  which 
p  geologists  oft'er  as  to  their  causes  are  of  great 
in  interest ;  but  we  refer  the  reader  to  Agassiz  and 
C  Charpentier's  description  of  them,  and  Forbes' 
.''  Travels  in  Norway  and  Sweden.  No  natural 
fJ  phenomenon  is  more  grand  than  the  spectacle  of 
these  enormous  masses.  In  the  Alpine  chain, 
tfrom  Mount  Blanc  to  the  Tyrol,  about  400  of 
4  them  are  counted,  and  these  are  on  the  average 
^  from  10  to  15  miles  long,  from  one  to  two  broad, 
u  and  from  100  to  600  feet  thick.  This  will  give 
some  idea  of  their  enormous  bulk,  and  of  the 
f  great  part  which  they  must  play  in  the  physical 
ki  history  of  the  Earth.' 

Glaishcr's  Factors.     i\Tr.  Glaisher,  the 
f  eminent  observer  at  Greenwich,  has  investigated 
with  much  care  the  correctioiw  to  be  applied  to 
the  monthly  means  of  the  Barometer,  Thermo- 
1  i!>  meter,  and  Hygrometer,  for  any  hour  of  the  day, 
M  .80  that  the  montiily  mean  of  the  day  be  therefrom 
I     obtained.    These  corrections  are  called  Glaisher's 

■  -  Factors.  They  are  of  great  value  to  the  meteoro- 
!    legist,  and  are  presented  among  the  tables  ap- 

■  »;  pended  to  this  volume. 

I  Gnomon.  A  geometrical  term.  When  a 
!    rectangle  is  divided  into  four  parts  by  cross  lines 

•  parallel  to  its  sides,  the  sum  of  any  tliiree  is  called 
r     the  gnomm.    It  has  also  a  meaning  in  Dial- 

•  Y         {'I-  V.) 

Golden  IVninbcr.  See  Cycle — where  the 
— etonic  Cycle  is  described. 
,  Goniometer.  An  instrument  em[)loved  to 
i  ^  measure  the  angles  of  crystals.  The  simplest 
loi-m  consists  merely  of  a  semicircular  graduated 
■'^'■ale  of  degrees  with  a  moveable  and  a  fixed 
fwhus.    The  one  edge  of  the  crystal  is  laid  along 
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the  fixed  line,  and  the  other  brought  into  cont.net 
with  tlie  moveable  one,  and  tlie  number  of  de- 
grees indicated  read  off.  This  instrument  does 
not  admit  of  much  accuracy.  In  Wollaston's 
goniometer,  which  is  used  for  all  purposes  of 
accuracy,  the  angle  of  the  crystal  is  measured  by 
determining  through  what  angular  space  the 
crystal  must  be  turned,  so  that  two  raj's,  reflected 
from  the  two  surfaces  successively,  shall  have 
exactly  the  same  direction. 

Governor.  An  ingenious  mechanical  ar- 
rangement by  which  regularity  in  the  motion  of 
a  steam  engine  is  secured.  When  new  fire  has 
just  been  put  on,  more  steam  is  apt  to  be  gene- 
rated than  the  engine,  in  its  ordinary  state,  can  use; 
and  if  free  communication  between  the  boiler  and 
cjdinder  be  permitted,  more  will  be  generated. 
To  prevent  this,  two  balls  are  set  upon  a  cylinder 
which  revolves  with  the  engine,  and  these  tend 
to  revolve  faster,  the  faster  the  engine  goes. 
\Vhen  it  is  going  very  slowlj',  they  exert  a  cer- 
tain action  on  a  moveable  part  to  which  they  are 
attached,  so  as  to  keep  open  a  valve  between  the 
boiler  and  cylinder  ;  when  it  ia  going  very  quick, 
the  balls  fly  fast,  and,  being  connected  with  the 
valve,  tend  to  close  it,  proportionally  as  they 
have  diverged  from  the  spindle.  The  steam  has 
thus  less  outlet  from  the  boiler,  and  is  held  in,  until 
the  engine's  requirements  and  the  supply  become 
equalized:  the  balls  then  i'all  to  an  average 
position. 

Graduation.    See  Division. 

Graphi*^  Methods.  It  is  often  of  the  ut- 
most importance  to  represent  tables  of  related 
numbers,  by  means  of  curve  lines,  or  other  figures 
that  show  to  the  eye  the  nature  of  the  relations  or 
laws  expressed  or  rather  concealed  within  the 
mass  of  numbers  constituting  the  Tables.  Not 
only  does  such  a  mode  of  representation  at  once 
manifest  these  laws — almost  rendering  them  pal- 
pable— but  it  further  points  out,  by  the  irregu- 
larity of  its  curves,  in  what  cases  natural  laws 
are  not  represented,  and  therefore  what  the  cases 
are  that  require  a  greater  amount  of  observation. 
We  shall  state  briefly  in  what  manner  this  gra- 
phic mode  of  representation  may,  in  the  most 
usual  classes  of  circumstances,  be  made  effective. 

(1.)  When  the  iahhs  conlnin  the  relations  of 
two  co-variable  quantities. — It  is  easy  enough  to 
see,  that  in  such  a  case,  the  end  may  be  effected 
hy  making  one  of  the  sets  of  quantities  the 
obscissw,  while  the  others  are  corresponding  or- 
dinates  of  a  curve.  Thus,  if  the  hours  of  the  day 
be  made  obscissce,  and  the  temperatures  corre- 
sponding with  them,  ordinates,  the  line  joining  the 
tops  of  the  ordinates  will  give  the  curve  of  diurnal 
temperature.  And,  according  as  this  curve — de- 
pending, in  the  main,  on  the  course  of  the  sun — is 
regiihir  or  not,  we  shall  learn  whether,  and  at 
wliat  liours,  our  collected  observations  have  been 
suflicient  or  insufficient  for  the  determination  of 
tlie  mean  temperature  of  every  hour  of  tho  day,  at 
tlie  place.   Nay,  the  curve  being  continuous,  we 
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might  then  find  by  simple  conshniction — provided 
the  figure  had  been  drawn  on  a  suflicientl}'  large 
scale — what  is  the  mean  temperature  for  any  in- 
termediate time:  if,  for  the  half-hours  for  instance, 
simply  by  erecting  perpendiculars  or  ordinate^ 
half  way  between  each  former  ordinate,  and  ac- 
curately measuring  tliem.  In  the  same  way 
could  be  treated  the  relation  between  the  epoch 
of  the  3'ear  and  the  temperature  of  any  given 
time  of  tlie  day ;  the  relation  between  the  heights 
of  the  barometer,  and  the  time  of  the  day  or  of  the 
year,  or  any  other  two  interdependent  variables. 
The  method  has  especial  application  to  statistical 
inquiries ;  and  the  great  facility  it  furnishes  for  the 
determination  of  intermediate  and  mean  values, 
gives  it  in  this  case  remarkable  value.  There  is 
no  simpler  or  surer  mode  of  extracting  from  tables 
of  mortality  such  elements  as  the  probable  life, 
the  mean  life,  and  the  mean  age  of  the  population. 
Innumerable  examples  of  such  happy  applications 
of  it  will  be  found  in  the  writings  of  Quetelet. — 
There  is.  however,  a  second  mode  of  executing 
similar  representations,  which  may  be  termed  the 
polar  mode.  This  is  the  preferable  one,  when 
one  of  the  quantities  has  to  do  with  direction ; — 
for  instance,  should  one  of  them  be  the  direction 
of  the  wind,  and  the  other,  the  corresponding 
mean  height  of  the  thermometer,  barometer,  or 
hygrometer.  Let  us  take  as  an  example,  from 
the  work  of  Mahlmann,  the  variations  of  tem- 
peratures during  the  four  seasons,  according  to 
the  different  winds  at  Paris :  it  gives,  what  may 
be  termed  the  thermometric  card  of  the  winds  for 
the  year,  and  for  each  season — a  being  the  curve 
of  the  mean  of  the  yeai',  a'  that  of  autumn,  s  that 
of  spring,  s'  that  of  summer,  and  w  that  of  win- 
ter. The  student  will  be  at  no  loss  to  discover 
how  fertile  such  a  representation  must  be  of 
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matter  for  thought  and  speculation.  The  con- 
trast between  the  ^ummer  and  winter  curves  is 
especially  instructive.  See  Hyguomictry.^  Tiiis 
{wlar  metliod  has  manifold  advantages  in  all 
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such  cases. — As  already  hinted,  both  metho(b 
afford  ready  means  for  interpolation ;  and  av&n 
where  irregularities  exist,  the  mean  or  true  curve 
may  be  had,  by  approximation,  by  judiciously 
drawing  it  through  the  sphere  of  the  conflicting 
observations,  so  that  it  represent  the  centre  of 
gravity  of  the  irregular  system  they  form.  By 
this  latter  means  Sir  John  Herscliel  first  approxi- 
mated to  the  orbit  of  one  of  the  Double  Stars. 
(2.)  When  relations  are  expressed  amonr/  three 

variables  The  mode  of  representation  is,  of 

course,  much  more  complicated  than  the  former; 
nevertheless  it  has  also  great  value.  It  will  best 
be  understood  by  an  example.  Suppose  it  were 
required  to  represent  to  the  eye,  the  curved  sur- 
faces expressing  the  mean  temperature  of  any 
hour  of  the  day  on  any  month  of  the  year.  Set 
ofi'  on  the  axis  of  abscissa:  twelve  equal  divisions 
representing  the  months,  starting,  let  us  say, 
with  March :  set  off  next,  on  the  axis  of  the 
ordinates,  twenty- four  equal  divisions  representing 
the  hours  of  the  day,  and  through  the  several 
divisions  of  these  two  sets  draw  perpendiculars, 
as  in  the  subjoined  figure.     The  plane  of  the 
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fipure   thus   prepared,   we  proceed  to  selecl 
any  temperature— say  20^  Centigrade;  marB 
the  points  correspondmg  to  it  in  temperal 
ture,  at  the  intersection  of  the  abscissa;  and  ordi| 
nates  of  every  month  that  contains  a  temperatnr 
of  20° ;  join  these  points,  and  you  have  the  curvl 
of  equal  temperature  for  20°,  represented  on  th 
face  of  the  plane.   All  other  temperatures  withij 
the  range  of  the  year  may  thus  also  be  repr 
sented,  as  in  the  diagram,  by  their  fitting  cun 
We  have  no  space  to  dilate  on  the  results  thd 
niaj'  be  deduced  at  once  from  such  a  picture  - 
The  method  now  exemplified,  is  precisely  that  1 
which  lines  of  equal  elevation,  or  contour  linel 
are  rei^resented  on  all  good  engineeiing  map^ 
and  its  ajiplications  have  a  wide  range.  Fd 
further  and  very  minute  information  on  this  mol 
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important  practical  subject,  the  reader  is  referred 
;  to  a  dissertation  by  J\I.  Lalaune,  printed  as  an 
..appendix  to  Mr.  Walker's  excellent  translation 
iof  Ktenitz's  Meteorology.  And  if  lie  desires  to 
I  pursue  the  subject  farther,  we  commend  next  the 
\. valuable  Calcul par  le  Trait,  by  M.  Cousinery. 

Gmvitatioii.    The  great  theme  of  Gravita- 
tition  naturally  arranges  itself  under  three  divi- 
sions:— the  discovery  of  the  Law;  the  sphere 
it  dominates, — tliis  latter  subdividing  itself  into 
jj.  consideration  of  planetary  and  extra  planetary- 
s^spheres ;  and  the  nature  of  the  Law.    We  shall 
didisctiss  the  subject,  as  briefly  as  possible,  under 
Itthese  heads. 

(1.)  Discovery  o  f  the  Laio  of  Gravitation. — The 
esessential  preliminaries  to  the  establishment  of  any 
LLaw  of  the  Celestial  Motions  was,  of  course,  the 
Miscoven,'  of  the  character  of  these  motions.  The 
[uplan  of  our  Solar  System  was  laid  down  by  Co- 
ixpemicus;  but  its  definition  is,  unquestionably, 
idue  to  John  Kepler.  The  three  grand  Laws  or 
piprinciples  of  Order  discovered  by  him,  had  the 
imerit,  beyond  all  doubt,  of  stating,  for  the  first 
iitime,  the  rules  according  to  which  the  planetary 
Sibodies  move.  He  informed  us  first,  that  every 
jlplanet  revolves  around  the  Sun  in  an  Ellipse, — 
iithe  Sun  being  in  the  focus  of  that  Ellipse: 
•rsecondly,  that  the  velocities  of  these  planets,  at 
iidifterent  parts  of  their  orbits,  are  regulated  by 
ththe  principle  of  Areas ;  or,  that  the  radius  vector 
vsweeps  over  equal  Areas  in  Equal  Times :  and 
Hhirdbj,  he  connected  the  distances  of  the  ditTerent 
[Jplanets  from  the  Sun  with  their  times  of  revolu- 
ation,  by  his  last  great  Law— that  the  sqimraft  of 
iithe  times  occupied  by  the  several  planets  in  their 
^revolutions  in  their  elliptic  orbits,  are  proportional 
:ato  the  cubes  of  their  mean  distances  from  the 
scommon  focus  of  these  ellipses,  or  from  the  Sun. — 
r.To  reduce  these  Laws  of  Kepler  into  one  simple 
ijexpression,  could  not  be  other  than  a  grand  step 
nin  philosophy:  and,  stich  a  reduction,  would  seem 
ihthe  grander  an  advance,  if,  when  accomplished,  it 
»!Was  found  to  comprehend  and  explain  phenomena 
wnever  known  to  Kepler.  Previous  to  Newton's 
«period,  the  best  cultivators  of  physics  had  gra- 
tdually  been  growing  accustomed"  to  the  funda- 
»mental  idea  of  GiiAvrnr.  Whatever  that  force 
MSj  they  saw  it  acting;  and  Galileo  had  deter- 
umined  the  laws  of  its  action  on  falling  bodies,  or 
oon  bodies  near  the  surface  of  the  Earth.  Long 
•afterwards,  the  more  distinct  idea  of  cenlral  forces 
narose,  or  of  forces  drawing  bodies  towards  certain 
Bimmovable  points,  or  towards  the  centres  of  other 
MD)as.TCs.  General  propositions,  of  incalculable 
»valne,  had  even  been  enunciated  on  this  subject; 
"With  regard  to  the  more  general  conditions  of 
ecircular  motion,  by  the  acute  and  fertile  Dutch- 
s^maD,  Iluygliens;  and  our  own  Robert  Hooke, 
whose  rare  ingenuity  has  been  undervalued, 
"Partly  because  of  his  restless  activitv— unques- 
tionably shadowed  out  the  probability  that, 
.iwrough  such  considerations,  the  world  would 
^nna  a  comparatively  plain  solution  of  all  the 
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celestial  motions.  But,  to  accomplish  and  perfect 
such  a  solution,  was  reserved  for  Sir  Isaac  New- 
ton. Earnest  and  most  clear  in  judgment,  ho 
rarely  gave  way  to  mere  hypotheses;  and  ho 
ended,  by  consolidating  Kepler's  theorems  into 
that  general  Law  of  the  Solar  System,  which 
succeeding  experience  has  almost  entitled  us  to 
designate  a  fundamental  Law  of  the  whole  material 
changes  of  the  Universe.  The  steps  of  Newton's 
first  deduction  were  as  follows: — From  Kepler's 
second  Law ;  viz.,  the  Law  of  the  Areas,  he  drew 
the  conclusion,  that  every  planet  is  retained  in  its 
orbit  by  a  central  or  attractive  force,  directed 
towards  the  centre  of  the  Sun,  or  rather,  towards 
the  focus  of  the  Ellipse :— from  the  fact  that  the 
planetary  orbits  are  elliptical,  he  inferred,  that, 
with  regard  to  each  orb,  this  central  force  varies 
in  intensity  according  to  the  inverse  square  of  the^ 
body's  distance  from  the  focal  point :  and  Kep- 
ler's third  Law,  led  him  to  the  important  con- 
clusion, that  this  Central  Force  is  homogeneous 
throughout  our  whole  S3-steni ;  in  other  words, 
that  the  force  which  retains  Jupiter  in  its  orbit, 
is  precisely  that  which  retains  the  Earth,  only 
diminished  in  energy,  in  the  ratio  of  the  squares  of 
their  respective  distances  from  the  Sun. — It  is 
easy  to  see  with  how  gi-eat  a  light,  a  discover}'  of 
this  kind  illuminated  the  whole  Order  of  the  Solar 
System :  nevertheless,  in  so  far  as  we  have  now 
stated  it,  the  Law  of  Gravitation  was  but  a  com- 
bination, or  contraction  into  one,  of  the  three 
general  principles  of  Kepler.  But  Newton  now- 
advanced  alone.  Having  discerned  that  the 
Satellites  must  be  retained  around  their  Primaries 
by  a  principle  exactly  similar,  he  put  the  novel 
and  startling  question,  Is  not  the  force  with  whicb 
the  Moon  gravitates  to  the  Earth,  precisely  that 
with  which  a  heavy  body  falls  towards  the 
Earth,  at  its  own  surface?  Exact  calculation 
confirmed  the  conjecture;  and  our  great  Inquirer 
instantly  discerned  that  the  Planetary  force, 
whose  character  he  had  been  tracing,  was  not 
merely  a  planetary  one ;  but  only  a  manifestation 
within  planetary  regions,  and  with  regard  to  the 
planetary  masses,  of  an  energy  which  every  atom 
of  matter  in  the  Universe  most  probably  obeys. 
So  that  Gravitation  must  now  be  described,  even 
with  this  grand  generality : — Every  two  portions 
of  matter  within  the  Universe  attract  each  other, 
with  a  force  proportional,  directly  to  the  quantilij 
of  matter  they  contain,  and  to  the  inverse  square 
of  their  distances — Such  the  Law  of  Universal 
Gravitation. 

(2.)  The  Sphere  of  the  Dominion  of  Gravita- 
tion— As  we  have  now  explained  it,  that  sphere 
is  universal ;  and  the  agency  of  Gravitation  has 
been  already  traced  as  far  as  accurate  observation 
has  carried  us, — I.  The  conception  of  a  mutual 
action  among  the  planetary  bodies,  necessarily 
involved  the  fallacy  of  Kepler's  Laws — as  perfect 
representations  of  the  truth.  Pure  elliptic  motion 
could  consist  only  with  the  action  of  a  central 
body  over  the  orbs  environing  it, — not  with  tho 
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Buperadded  fact,  that  these  orI)s  act  likewise  on 
cucli  other.  Now,  in  the  case  of  the  Moon,  it 
was  Icnown  before,  that  neither  pure  elliptic  mo- 
lion,  nor  the  Law  of  the  Areas,  could  be  predi- 
cated. That  Body  is  subject  to  many  inequali- 
ties, or  equaiions,  as  they  are  termed.  Kewton's 
genius  quickly  traced  the  origin  of  these:  his 
work  on  the  Lunar  Theory  (see  Lunar  Theoiiy) 
was  one  of  his  most  remarkable  achievements ; 
nor  did  any  part  of  his  inmiortal  Principia  con- 
tribute more  conclusively  to  the  establishment  of 
its  great  doctrine.  These  investigations  form  the 
basis  of  the  celebrated  of  the  Three 

Bodies.  But  perturbations  or  inequalities,  are 
not  confined  to  the  Moon.  Every  planet  must 
be  drawn  from  its  rigorous  elliptic  path  by  the 
s^  nipaihies  of  the  others.  To  trace  these  per- 
turbations, to  detect  their  sources  and  nature,  to 
determine  their  amount,  and  to  estimate  their 
import  as  concerns  the  stability  of  the  Solar 
System,  has,  indeed,  been  the  great  task  of  Phy- 
sical Astronomy  from  Newton's  time  until  now. 
Some  of  the  features  of  this  arduous  enterprise, 
and  something  of  the  measure  of  our  success 
will  be  found  by  the  Student  under  Solar 
System  and  Neptune.  Nor  have  the  triumphs 
of  Gravitation  been  all  gained  on  so  wide  a 
field.  Tiie  little,  as  well  as  the  great,  is  com- 
prehended and  determined  by  it.  It  explains 
the  Tides;  it  determines  the  Figure  of  the  Planets ; 
it  originates  and  governs  all  such  motions  as 
those  of  the  Precession  of  the  Equinoxes, 
and  Nutation  of  the  Axis  of  the  Earth 
{q.v.') — II.  But  we  follow  this  grand  Law  as  our 
guide  through  spaces  transceliding  infinitely  the 
limits  of  the  Solar  System,  and  the  fates  and 
nature  of  its  small  orbs.  On — towards  distances 
next  to  inconceivable— the  eye  of  Reason  can,  by 
its  aid,  pursue  the  wanderings  of  the  (Comets: 
we  detect  the  same  controlling  Law  in  the  revo- 
lutions of  the  Double  Stars,  and  likewise,  in  all 
Drobability,  in  those  more  massive  arrangements 
of  myriads  of  nocturnal  luminaries,  which  are 
now  engaging  the  contemplation,  and  arousing 
the  hopes  of  a  new  age.  Not  unreasonable,  then, 
is  it  to  conclude,  that  the  illustrious  Englishman 
had  the  rare,  if  not  the  absolutely  singular  feli- 
city, to  reach  an  ultimate  and  universal  principle 
of  material  Nature. 

(3.)  The  Nature  of  the  Laio  of  Gravitation. — 
Speculation  could  not  fail  to  arise,  and  to  expend 
itself  on  impracticable  inquiries,  as  to  the  intimate 
nature  of  this  force  of  Gravitation:  even  the 
acute  Laplace,  deemed  that  he  could  show  the 
necessity  of  the  rule  of  the  inverse  squares  of  the 
distances.  Light,  he  said,  and  every thing_  radi- 
ating from  a  point,  diminishes  in  intensity  — 
throvfjh  an  absolute  (jeonictrical  necessily— accord- 
ing to  this  Law.  lie  forgot  that  he  had  present  to 
his  mind.  Light,  as  a  material  emanation  or  radi- 
ation, proceeding  along  straight  lines;  and  that 
this  subsumption  had  no  visible  or  conceivable 
connection  with  the  law  of  the  increase  or  diminu- 
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tion  of  the  Energy  of  a  Force.  Tliat  the  rule  of  the 
inverse  squares  has  some  explanation,  is  unques- 
tionably true ;  but  we  shall  not  discover  that,  by 
a  priori  reasons :  it  may  become  clear,  so  soon 
as  inductive  Inquiry  has  determined  the  exact 
correlation  of  Gravity  and  other  Material  Forces. 
This  correlation  is  the  problem  of  our  highest 
science :  it  cannot  be  detected  by  hj^potheses,  nor 
shall  we  advance  one  step  towards  its  solution, 
through  the  assumption  of  infinities  of  Ethers. 
Neither  let  it  be  forgotten,  that — when  our  loftiest 
attainable  generalization  shall  have  been  reaches!, 
— Laav — in  its  highest  majesty,  its  ultimate  purity 
and  nakedness — can  only  be  apprehended  by  the 
human  mind,  as  the  immediate  will  or  direct 
ordinance  of  the  Infinite  Sjiirit,  whose  essence  is 
partially  revealed  bj'  that  brilliant  creation — "thi 
work  not  made  with  hands." 

Gravity.  A  term  usually  applied  to  the  ter 
restrial  action  of  Gravitation.  See  Accelerate 
Motion  and  Earth. 

Gravity,  Centre  of.   See  Centre  of  Gra 

\1TY. 

Gravity,  Specific.   See  Specific  Gravity 
Gregorian  Calendar.  See  Calendar  an 
Bissextile. 

Gunnery.    In  this  article,  we  shall  notic 
such  of  the  practical  details  of  the  science  o 
gunnery,  as  our  space  can  enable  us  to  find  roon 
for : — the  laws  of  Projectiles,  upon  which  th 
science  founds,  being  purely  mathematical  an 
mechanical,  will  be  treated  separately  unde 
that  head. — And  first,  of  fhe  powder;  that  whic 
gi^s  it  its  power,  is  its  capacity  for  decom 
position  under  combustion.    Gaseous  produc 
are  suddenly  evolved  from  the  solid  grains,  an 
these  taking  up  space  much  larger  than  tha 
allowed  them  in  the  chamber  where  the  powde 
is  contained,  tear  away  or  drive  out  that  part  o 
it,  the  ball,  where  there  is  least  resistance  to  ex 
pansion.    Powder  may  be  inflamed  either  by 
electric  spark,  an  ignited  body,  or  a  sudden  heat 
ing  up  to  a  temperature  of  about  G00°  Fah 
We  say  a  sudden  heating,  because  a  slow  heatin 
would  not  ignite  it;  it  would,  instead,  decompos 
it  gradually,  first  subliming  the  sulphur,  an 
leaving  what  is  not,  in  fact,  powder  at  all. 
sudden  stroke  is  quite  capable  of  producing  sue 
a  heat:  thus,  iron  struck  against  iron,  copp 
against  copper,  copper  against  iron,  lead  agai~ 
lead,  and  even  lead  against  wood,  will  genera 
heat  enough  to  kindle  iiowder.    It  is  deservin 
of  notice  that  the  heat  of  ignition  of  the  powd 
communicates  to  the  ball  and  expands  it.  F 
this  reason,  the  bullet  must  always  be  soniethin 
less  in  diameter  than  the  gun  barrel.    The  c« 
with  which  it  .should  be  handled,  is  the  most  i 
mediate  consequence  of  this.   At  first,  the  powd 
was  used  in  the  state  of  fine  dust,  but  it  was  fo" 
that  this  produced,  on  the  side  of  the  gun-ba 
a  moist  scum,  which  prevented  it  from  faliin 
down  readily  to  the  bottom.    It  has  been  sin 
used  in  grains  ;  and  it  is  found  that  two  parts  of 
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n  that  state,  produce  as  much  effect,  as  three  in 
;he  state  of  dust.    In  fact,  the  grains  leave  inter- 
itices  into  which  the  inflamed  gases  immediately 
aoass,  so  as  to  comnuuiicate  the  heat  freely  and  at 
KDnce ;  and  in  this  way,  the  whole  charge  explodes 
■learly  at  one  and  the  same  time.    In  considering 
:  )f  the  rapidity  of  explosion,  then,  we  have  to  think 
^riievelocity  of  inflammation,  that  is,  the  speed  with 
tvhich,  when  one  grain  is  inflamed,  the  combustion 
(;>)preads ;  and  the  velocity  of  combustion,  that  is,  the 
(.velocity  with  which  a  single  grain  burns  from  sur- 
leace  to  centre.  The  firstis,  with  grain  powder,  very 
:r»reat,  at  least  eleven  or  twelve  yards  per  second. 
:[t  is  noticeable  that  this  diminishes,  if  the  mag- 
lioitude  of  the  grains  increases — if  the  charcoal  be 
«ed  instead  of  black,  or  if  the  grains  be  round  in- 
stead of  angular.   The  cause  of  the  latter  of  these 
"Kesnlts  is,  that  angular  grains  may  get  gathered 
)r  wedged  into  a  mass,  just  as  if  the  powder  were 
ji  the  form  of  dust.    The  method  which  M.  Pro- 
«Dert  suggests  to  prevent  explosions,  depends  on 
Ishe  same  principle.   It  consists  merely  in  mixing 
pip  the  powder  with  fine  charcoal,  from  which  it 
wnay  be  again  separated  by  sifting,  when  wanted 
Koruse.   The  velociti/  of  combustion  is  such,  that 
I  single  grain  consumes  away  from  surface  to 
fcentre  at  the  rate  of  about  -49  of  an  inch  per 
wecond.    Now,  the  initial  velocity  of  a  bullet,  in 
ininy  case  may  be  known,  and  the  time  which  it 
tiirill  take  to  traverse  the  gun-barrel,  in  conse- 
■qnence;  it  is  manifest,  then,  that  in  order  that  the 
opowder  should  produce  its  total  effect,  it  should 
Dill  be  consumed  when  the  bullet  is  leaving  the 
«gun,  seeing  that  all  gases  developed  afterwards, 
icannot  affect  it.    It  never  is  perfectly  so.    It  is 
tpresumed  that  eight  ounces  of  ordinary  powder 
anay  be  consumed  in  about  ^loth  part  of  a 
wiecond.    The  length  of  the  charge  which  pro- 
aduces  the  maximum  velocity  may  be  stated,  in 
fgeneral,  as  about    that  of  the  bore.    There  is 
(tittle  advantage,  however,  in  increasing  the  charge 
^  to  that  which  will  produce  maximum  velocit}'', 
("because  the  resistance  of  the  air  increases  in  a 
finuch  larger  ratio  than  the  velocity  does.    It  is 
(lithis  atmospheric  resistance  which  prevents  the 
-'■projectile from  moving  in  a  parabola,  or  in  any 
curve  equally  inclined  at  its  points  of  section,  to 
i-  one  of  its  chords.    Its  amount  is  in  proportion  to 
tlie  density  and  radius  of  the  bullet,  and,  on  an 
erage,  to  the  square  of  the  velocitj'. — As  we 
tve  already  noted,  the  greater  the  grains  are,  the 
"Jiiger  time  will  the  powder  take  to  consume. 
I  has,  powder  which  will  not  drive  the  bullet  out 
it  aU,  will  do  so,  when  it  is  divided  into  gi-ains, 
•'en  or  eight  times  less.    There  are  other  com- 
otibles,  again,  which  bum  so  fast,  that  the  gun 
'"juld  be  likely  to  explode  altogether.   This  pre- 
vents the  use  of  gun-cotton,  and  of  the  chlorites 
ind  nitrates  in  general.    Some  explosive  mate- 
iils,  again,  which  are  not  so  violent,  but  explode 
re  rapidly  than  powder,  would  leave  slight 
"dues,  which  would  attack  the  gun-barrel  and 
v,'ly  corrode  it,  thus  rendering  the  gun  only 
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safe  for  a  limited  period,  depending  for  its  strength 
on  the  care  with  which  the  barrel  may  be  cleaned 
after  firing.  In  powder  itself  the  proportions  of 
the  ingredients  exercise  considerable  effect  on  the 
speed  of  combustion.  Thus,  in  order  that  this  be 
the  greatest  possible,  the  proportion  of  sulphur 
should  be  between  8-5  and  •12'5  per  cent.  The 
less  there  is — the  sulphur  remaining  the  same — 
the  slower  is  the  combustion.  Powder,  ivhen 
burnt,  gives  two  different  products,  solid  and 
gaseous.  The  former  consists  of  sulphate  of  pot- 
ash, subcarbonate  of  potash,  and  charcoal  and 
sulphur,  which  come  off  solid,  undecomposed, 
along  with  these.  The  gaseous  products  are — 
carbonic  acid,  nitrogen,  cavburetted  hyiirogen, 
sulphuretted  hydrogen,  and  nitrous  gas.  The 
soUd  products  are  also  volatilized  at  the  moment 
of  explosion  by  the  great  heat,  so  that  good 
powder  leaves  no  stain  on  paper  on  wliich  it  is 
fired.  It  is  impossible,  theoretically,  to  discover 
the  expansive  force  of  a  given  powder,  because 
we  have  not  merely  to  deal  with  permanent  gases 
but  with  vapours,  on  which  the  efifects  of  high 
temperatures  are  verj'-  marked, — the  slightest  dif- 
ference being  indicated  by  great  differences  of 
expansive  force.  Various  experiments  indicate 
the  expansive  force  to  be  between  25,000  and 
32,000  atmospheres.  As  for  the  proportion  of 
the  work  spent  by  the  powder  upon  the  bullet 
and  on  the  recoil  of  the  nuisket,  we  have,  neglect- 
ing the  allowance  for  the  friction  of  the  ball,  and 
in  the  case  of  ordnance,  of  the  gun-carriage,  and 
supposing  the  buUet  to  fit  tight  (that  is,  techni- 
cally, supposing  the  windage — namely,  the  excess 
of  the  diameter  of  the  bore  over  that  of  the  bullet — 
to  be  nothing),  from  the  principle  of  the  equality 
of  action  and  reaction,  w  v  =  \v'  v',  if  w,  w', 
V  and  V'  be  the  weight  and  velocity  of  the  gun 
and  bullet  respectively.  Now,  let  the  bullet 
weigh  -j-^ijth  part  of  the  weight  of  the  gun,  then 
v'  —  3U0  V.    But,  the  total  work  done  by  the 


powder  is 


•w      -|-  W  v'^ 


The  former  part 


of  this,  the  work  on  the  gun,  will  be  only  about 
the  three-hundredth  of  that  on  the  bullet.  We 
might  even  say  that  the  charges  are  proportional 
to  the  vii'es  vivce  of  the  bullets, — so  small  is  the 
proportion  of  effect  which  is  wasted  upon  the  re- 
coil. The  methods  adopted  in  the  manufacture 
of  powder  do  not  belong  to  our  subject. — The 
next  point  of  interest  is  the  bullet  or  projectile, 
itself.  There  are  three  circumstances  on  which 
the  effectiveness  of  the  projectile  depends.  The 
first  is  its  demity.  The  quantity  of  movement 
is  in  proportion  to  the  mass.  Lead,  which 
alone  of  the  metals  is  satisfactory  in  this  re- 
spect, is  very  largely  used  for  projectiles.  The 
second  is  its  hardness-  Lead  is  too  soft  to  fire 
against  such  obstacles  as  stone  walls.  It  would 
merely  be  flattened,  or  even,  if  the  velocity  were 
great,  melted  against  them.  The  density  of  cast 
iron,  which  is  chiefly  employed  instead,  is,  how- 
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ever,  only  7-8,  while  that  of  lead  is  11-8.  Balls 
of  the  same  size  are  therefore  very  much  lighter 
than  balls  of  lead.    Compound  shot  is  used  for 
the  sake  of  combining  tlie  two  advantages.  It 
consists  of  an  iron  envelope  with  a  case  of  lead — 
the  envelope  being  so  thick  as  not  to  be  broken 
by  the  impact.    The  third  is  the  foi-m.  The 
projectiles  in  artillery  are  generally  spherical,  so 
that  they  may  fit  into  the  gun  in  all  positions. 
It  would  be  naturally  expected  that  the  solid  of 
least  resistance  should  be  chosen  for  the  form  of 
the  bullet.    But,  for  it,  the  resistance  is  only  less 
than  that  of  the  sphere,  in  the  direction  of  its 
axis,  in  the  opposite  direction,  indeed,  it  is  much 
greater.  •  As  the  barrel,  however,  is  never  exactly 
fitted  by  the  bullet,  there  is  almost  always 
some  irregular  motion  of  rotation  given  in  the 
passage  through  it  which  would  make  the  resist- 
ance greater  than  for  the  spherical  projectile. 
Cylindroconical  balls,  Avhen  fitted  accuratel}', 
have  in  more  recent  forms  of  musket,  been  of  the 
greatest  service,  as  we  shall  afterwards  notice. 
We  have  different  forms  of  projectiles.    There  is 
first,  the  solid  bullet,  which,  for  cannon,  is 
usually  made  of  cast  iron,  of  a  spherical  shape, 
and  so  as  to  fit  pretty  accurately  into  the  bar- 
rel.   Then  there  are  hoUow  projectiles,  made  of  a 
lioUow  spherical  cast  iron  envelope,  filled  with  a 
sufficient  quantity  of  powder  to  explode  it.  Usu- 
ally, too,  in  order  that  nearly  the  full  explosive 
force  of  the  powder  may  be  obtained,  this  en- 
velope is  so  thick  as  to  contain  at  least  ^  of  the 
total  volume.    The  greater  the  quantity  of  pow- 
der contained  is,  the  more  complete  will  be  the 
rupture  of  this  envelope.    The  projectile  of  this 
sort  is  fired  olF,  like  an  ordinary  projectile,  from 
the  cannon,  but  it  is  fitted  with  a  wedge  of  wood 
running  into  the  mass,  and  through  the  centre  of 
which,  some  rapidly  combustible  matter — a  fusee 
or  the  like — passes  down  to  the  powder.    At  the 
explosion  of  the  charge,  the  high  temperature  to 
which  the  liberated  gases  are  raised,  causes  the 
fusee  to  light,  and  it  ought  to  continue  burning 
until  the  projectile  falls.    Those  which  are  shot 
from  cannons  nearly  horizontal  are  called  shells 


— those  which  are  shot  high,  at  a  larger 
angle  than  45°,  are  bombs.  There  is  also 
what  is  called  oblong  shot,  consisting  of  a  cylin- 
drical bar  with  liemispherical  ends.  These  may 
be  used  witli  advantage  where  the  guns  at 
command,  as  in  a  ship,  are  small,  and  where  the 
destructive  effect  of  largo  ones  is  required.  It  is 
manifest,  however,  that,  from  the  want  of  perfect 
symmetry  in  tlic  figure,  the  oblong  shot  must  be 
liable  to  much  greater  irregularity  of  motion 
— especially  at  high  ranges— than  the  spherical. 
Within  about  5°  from  the  horizon  this  is  not, 
however,  veiy  material.  An  oblong  shot,  twice 
the  weight  of  a  round  shot  of  equal  diameter, 
fired  witli  the  same  charge,  will  only  produce  half 
its  effect,  but  the  charges  must  be  raised  corrc- 
8i)ondingly.  Sometimes  two  or  three  shot  of  the 
same  size  are  fired  oft"  from  a  gun  at  once.  Tlie 
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only  advantage  gained  by  this  is,  in  close  action, 
the  excessive  rapidity  of  fire.    When  the  ships 
are  near — for  instance,  in  a  naval  engagement — 
almost  every  shot  is  certain  to  strike,  and  in  con- 
sequence, the  different  velocities,  and  therefore 
different  ranges  of  the  shot  will  not  matter  seri- 
ously.   Two  shot,  of  the  same  size  and  density, 
for  instance,  will  be  fired  off,  the  one  nearest  the 
mouth  of  the  gun  with  |-,  and  the  other  with  J  of 
the  velocity  of  one  of  them  alone  with  the  same 
charge.    There  is  the  additional  disadvantage  of 
danger  to  the  gun,  and  greater  irregularitj'  in  the 
motion  from  collision  within  the  barrel.  There 
are  also  projectiles  in  use,  made  up  of  combina- 
tions of  smaller  ones,  such  as  the  chain-shot 
sometimes  employed  in  naval  actions,  and  some- 
times boxes  or  canisters  filled  with  smaller  shot. 
For  short  ranges,  this  canister  shot  is  exceedinglj 
effective — scattering  when  it  strikes  against  an 
object,  and  being  then  as  if  fired  off  near  at 
hand :  for  long  distances  it  is  not  much  used 
What  are  called  rockets,  consist  of  an  inflamJ 
mable  composition  contained  in  a  cylindrical  cas^ 
of  stout  paper  or  iron,  the  head  or  front  par 
having  the  form  of  a  coul,  occasionally  of  a  hemi-l 
sphere  or  paraboloid.    The  composition  for  th\ 
cylindrical  part  is  in  the  proportion  of — nit 
4  lbs.  4  oz. ;  sulphur,  12  oz. ;  charcoal,  2  Ibd 
When  the  rocket  is  merely  intended  for  signal^ 
the  head  is  filled  with  a  composition  for  prodnc 
ing,  at  the  time  of  explosion,  the  stars  of  ligh 
which  constitute  the  signal.    Several  small  apei] 
tures  are  made  in  the  posterior  part  of  the  ape 
ture,  Avhere  a  straight  rod  in  the  direction  of  tt 
axis  is  placed.    The  rocket  is  then  set  in  a  tnl 
and  a  fuse  inserted.    The  liberated  gases  pr 
against  all  parts  of  the  enclosing  case,  but  as  the 
are  let  out  slightly  at  the  back  part,  they  pr 
strongest  against  the  front.    There  is  then  a  ; 
sultant  force,  continually  accelerating,  directd 
along  the  axis  of  the  rocket  to  the  posterior  pa 
It  is  clear  that  the  rod  or  stick  will  serve 
steady  tlie  vibrations.    At  first,  the  rod  was  ai 
tached  to  one  side  of  the  rocket.    Sir  'Williai 
Congreve  placed  it  where  it  now  is.    It  is  i 
to  see  that  rockets  may  be  used  as  the  means  \ 
projecting  a  shell,  or  similar  projectile  accoiij 
panying  them,  which  may  act  as  an  ordinal 
shell  does.   The  irregularities  of  motion  are,  ho^ 
ever,  very  considerable ;  so  much  so,  indeed,  tt 
rockets  of  this  sort  have  never  been  found  effectif 
against  the  actual  defences  of  a  place,  thouf 
very  much  so  against  private  dwellings,  whil 
they  set  on  fire.    Then-  moral  effect,  upon  bodf 
of  cavalry,  makes  them  sometimes  also  valualf 
weapons.   It  is  very  certain  that  the  enthusiasl 
belief,  entertained  by  Sir  William  Congreve,  " 
his  rockets  would  suiiersede  artillery  in  the  ' 
service,  has  not  been  verified.    IMr.  Hale's  nf 
liind  of  rockets  disiicnses  with  the  stick,  by  ma 
ing  the  rocket  rotate.    The  rotation  is  prcdud 
in  a  very  ingenious  way.    Instead  of  pcrmittij 
the  rush  of  flame  to  escape  from  the  bottom  i 
102 
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ice,  ill  a  line  with  the  axis  of  the  tube,  by  which 
:  lie  flame  acts  directly  against  the  air,  the  burn- 
ing material  issues  from  Jive  orifices  made  near 
die  neck,  obliquely  to  the  axis  of  the  tube ;  the 
I  effect  of  which  is,  that  the  body  of  the  rocket  is 
)  made  to  rotate,  whUe  it  is  also  propelled.  This 
is  certainly  a  verj'  ingenious  contrivance ;  but  the 
s  stidc-rocket  continues  its  flight,  directed  by  the 
?  stick  after  the  inflammable  composition  has  burnt 
i  out ;  while  the  Hale  rocket  loses  all  directing 
I  power.    The  Hale  rocket  has  also  been  found  to 
I  fail  at  low  elevations,  and  is  therefore  useless 
i  against  troops  in  plane  battle-fields.   Unless  this 

defect  can  be  remedied,  the  invention  will  fail  

i  The  depth  which  a  given  bullet  will  penetrate  into 
J  a  wall  or  ship's  side  is  a  point  of  great  practical 
i  interest.    It  varies  in  general  as  the  radius  and 
li  densitj'  of  the  shot  and  the  square  of  the  velocity 
a.,  at  the  time  of  penetration.   It  is  important,  espe- 
.  cially  in  naval  battles,  that  the  wall  penetrated 
should  throw  off  splinters  as  numerous  as  possible: 
;.  these  act  exactly  like  canister  shot.    If  the  velo- 
.  city  be  just  sufficient  for  the  ball  to  penetrate  the 
N  ship's  side,  there  -n-ill  be  a  great  many  splinters 
^  flung  all  roimd— if  higher,  the  hole  will  be  more 
nearly  a  mere  round  hole,  without  jagged  edges 
or  splinters ;  just  as  we  may  see  in  firing  a  bullet 
through  glass,  from  the  same  gun  with  different 
charges.    If  the  velocity  be  considerable,  there 
^  will  be  no  rays  on  the  glass  round  the  hole  at  all. 
— We  pass  to  consider  the  different  descriptions 
of  fire-arms  and  projectile  weapons  commonly  in 
use.    In  fire-arms,  we  have,  in  the  first  place, 
the  iron  work  and  the  wood  work  distinct,  the 
latter  consisting  of  mere  junctures  and  adapta- 
tions, and  entirely  technical  in  its  nature.  The 
ii-rel  of  the  gim  is  an  iron  tube  exactly  cylin- 
l  ical  in  shape,  and  rather  wider  at  the  bottom 
ilian  at  the  mouth.    The  ordinary  dimensions  of 
musket,  as  used  in  France  and  England,  are 
^en  below : — 

iJiameter  of  the  barrel 

or  calibre  

T'ianioter  of  tlie  batl  

W  eight  of  the  ball  gi  ains 

troy  

J-'snetli  of  the  barreT.!.'.'.'.' 

'-■•iiKth  of  the  gnn  

"tal  length  of  gun  and 

Bayonet  

'-■iglit  of  the  gun  an(i 

'"'yol"  lllb3.avoird.  12-2  lbs.  avoiicl. 

iie  hammer  of  the  gun  causes  the  percussion 
I'lch  Ignites  the  powder.  The  mechanism,  in 
-  simplest  form,  consists  of  a  central  piece, 
'  led  the  tumbler,  of  the  same  piece  as  the  code, 
'icn  a  great  spring  turns,  bringing  down  the 
,  unless  when  that  is  stopped  by  a  catch, 
'  "ch  IS  of  one  piece  with  the  tumbler.  There  is 
lit!  o      /^T''  "^^  °f  mechanism. 

11- °^  ^"''"'"'iting  powder  from  the 
rcu  Mon  cap  are  apt  to  collect  and  remain,  so 
It  IS  possible,  even  when  there  is  no  can  that 
weapon  should  be  fired  off.    To  prevent  tS 


French. 

1 

English. 

.  '0578  feet. 

•0B23  feet 

.  -0544 

•05G1  — 

.  428 

4C5 

374 

3-51 

l'2-i8 
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a  very  simple  contrivance,  invented  by  M.  Fon- 
tenau,  is  made  use  of.    He  inserts  a  screw 
into  the  top  of  the  cock.    When  we  wish  to  get 
rid  of  this  powder — perhaps  after  using  the  guii 
for  a  day  or  so — we  unscrew  this  and  clean  it  out 
easily.    It  can  be  left  with  the  screw  off,  when 
it  is  entirely  harmless,  and  may  be  handled  by 
children  with  perfect  safety.    There  are  nume- 
rous other  important  advantages  connected  with 
this  appliance  which  we  cannot  recount  here. — 
The  most  effective  method  of  increasing  the  mili- 
tary resources  of  a  country,  open  to  the  gunsmith, 
is  to  increase  the  accuracy  and  the  range  of  fire- 
arms.  The  rifle  is  used  for  this.   There  is,  how- 
ever, very  considerable  difference,  in  the  rapidity 
with  which  rifles,  and  ordinary  muskets  can  usu- 
ally be  fired.    This  will  be  intelligible  on  a  short 
description  of  them.    The  rifle  barrel  has  seven 
indentations  inside,  running  up  in  a  spiral  form. 
A  spherical  bullet,  just  a  little  larger  than  the 
bore  is  driven  into  the  ban-el  by  blows  from  a 
hammer,  so  that  it  fits  very  accurately,  and  when 
fired,  it  follows  the  direction  of  the  rifle  barrel, 
twisting  along  with  the  spiral  i\\\s.ts,  and  leaving 
with  a  decided  rotation  on  its  axis.    Mr.  Jovell, 
director  of  the  royal  manufactory  at  Ensfield,  has 
suggested  a  form  of  rifle  barrel  and  of  ball,  that 
are  still  more  convenient.    There  are  only  two 
spiral  grooves,  and  the  ball  being  accurately  fitted 
to  them  can  be  slid  in  easily,  as  in  the  ordinary 
musket  ball.    It  is  possible,  also,  to  give  in  this 
way,  a  much  greater  velocity  of  rotation  to  the 
bullet  than  in  any  other,  because  it  does  not  need 
to  follow  so  many  gi-ooves.    Hence  the  spiral 
twist  can  in  this  case  be  much  more  decided.  In 
the  ordinary  rifle,  it  ought  never  to  make  more 
than  from  ^  to  |  of  a  tiu-n  for  the  whole  length 
of  the  barrel.    Experiments  made  with  this  rifle 
show  that  it  produces  more  effect  than  the  old 
musket,  at  double  the  distance,  and  that  it  can 
be  loaded  with  greater  ease  and  speed.— Still, 
the  obstacle,  which  has  prevented  the  universal 
use  of  rifles,  has  been  the  difficulty  of  loading, 
where  the  ball  fuUy  fills  up  the  barrel,  as  in  the 
case  of  the  first  described.    The  invention  of  M. 
Delvigne  removes  this.    In  his  rifle,  the  ball, 
which  falls  freely  down  into  the  rifle,  rests  at  the 
end  of  a  chamber  wrought  m  the  breech,  and  a 
single  stroke  of  an  iron  ramrod,  makes  it  change 
its  dimensions,  when  it  has  got  there,  so  as  accu- 
rately to  fill  up  the  whole  space  of  the  grooves 
and  the  barrel.    The  perfect  certainty  of  effect 
which  this  gives  is  very  remarkable.    The  Chas- 
seurs de  Vincennes,  can  with  this,  aim  with  gi-eat 
accuracy  at  a  distance  of  600  to  700  yards.— 
Further  attemi)ts  have  secured  still  further  pro- 
gress; in  the  way,  however,  of  giving  a  new  form 
to  the  projectile,  rather  than  a  new  shape  to  tlie 
gun  barrel.    We  liavc  spoken  already  of  the  solid 
of  least  resistance,  and  seen  that  what  prevented 
the  use  of  bullets  of  its  shape,  was  the  irregular 
motion  as  to  rotation,  which,  in  ordinary  wea- 
pons, they  were  certam  to  leave  with.    But  in 
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rifles,  we  have  found  that  the  regular  movement 
along  tJie  grooves  gives  a  perfectly  regular  motion 
of  rotation  round  the  axis,  which,  like  all  motions 
of  rotation,  destroys  and  renders  insensible,  what- 
ever lesser  irregularities  might  exist.  It  will  have 
been  noticed,  that,  in  order  to  this,  the  hnW,  in 
the  most  approved  construction,  has  to  be  crushed, 
so  that  a  considerable  part  of  the  impulsive  force 
is  spent  in  undoing  this.  Hence, 
there  is  a  limit  in  the  Delvigne 
rifle,  to  its  capacity  as  a  weapon. 
The  most  improved  form  of  the 
Delngne  musket,  with  Thouven- 
in's  and  all  the  more  recent  un- 
provements,  is  here  shown.  The 
upper  circle  represents  a  cross 
section  of  the  rifle  barrel,  a  is  the 
projectile,  and  e  the  ramrod,  the 
end  of  which  fits  the  cylindro- 
conical  bullet.  The  bullet  is  -657 
inches  in  diameter,  and  weighs 
728  grains.  The  barrel  of  the 
musket  is  34  inches  long.  The 
tifje  or  pillar  c,  is  screwed  into  the 
face  of  the  breast-pin.  The  cart- 
ridge contains  2^  drachms  of  pow- 
der, and  is  made  of  strong  paper, 
tied  round  the  projectile  at  d.  The 
soldier  breaks  the  cartridge  in  load- 
ing, and  the  powder  falls  down  into 
FF,  the  paper  of  the  upper  part  of 
the  cartridge  being  thrown  away. 
Then  theballis  struck  smartly  with 
the  ramrod  e,  and  being  supported 
on  D,  it  is  shortened  and  widened, 
so  that  the  lead  and  paper  round 
it  are  forced  into  the  grooves  of 
Fig.  1.  rifl^i       P°i"*  being  held  in 

the  axis  by  the  point  of  the  ram- 
mer. The  cartridge  paper  protects  the  rifle  grooves 
and  the  rest  of  the  barrel  from  being  leaded. 
This  rifle  (the  pillar  hreech  rifle)  however,  was 
found  inconvenient  m  cleaning,  as  the  chamber 
FF,  gets  foul  and  the  pillar  is  liable  to  be  broken. 
The  operation  of  loading  is  also  fatiguing  after 
a  few  rounds.  IM.  Minie  removes 
this  by  making  his  projectile  as  in 
the  figure,  b  being  a  part  which 
is  forced  up  into  the  hollow  space 
a,  when  the  explosion  takes  place, 
so  that,  in  this  way,  the  lead  of 
the  bullet  is  forced  into  the  grooves 
of  the  rifle,  and  the  diminution  of 
windage,  and  consequent  accuracy 
of  aim  of  the  rifle,  takes  place  as 
before.  It  will  be  clear  that,  un- 
less this  is  accomplished  by  the 
first  action  of  the  explosion  of  the 
charge,  so  as  to  force  the  lead  into 
before  the  shot  moves  at  all,  the 
advantages  of  a  rifle  would  not  be  secured,  as 
the  paper  (the  cartridge  being  applied  as  m  the 


ball  fit  accurately.  In  the  experiments  made  in 
1850  with  the  Muiie  shot,  the  hollow  part  was 
sometimes  entirely  separated  from  the  conical 
part,  and  sometimes  driven  \'iolently  into  some 
part  of  the  barrel.  More  careful  construction  of 
the  bullet  entirely  prevents  this.    We  give  the 


Fig.  2. 

the  grooves 


above  case),  would  be  insufticicnt  to  n;ake  tue 


Fig.  3. 

form  of  the  Regulation  Minie  bullet,  used  in  the 
British  service.  Below  is  also  that  used  in  the 
Russian  service.  They  weigh  7 67  grains — being 
much  heavier  than  the  English.  They  seem 
much  inferior  to  the  Eng- 
lish Regulation  Minie  ball 
In  all  these  muskets  the 
loading  is  by  the  muzzle  of 
the  barrel.  There  are  con- 
siderable disadvantages  in 
this.  The  gun  is  rendered 
useless  if  the  ramrod,  for 

instance,  be  lost,  till  a  new  w  

one  be  obtained.  To  remedy  ' 
this,  loading  at  the  breech  Fig.  4. 

has  been  often  suggested. 
It  seems  that  the  Venetians  had,  before  1660, 
many  guns,  carrjdng  4  lb.  balls,  so  loads 
They  were  known  also  in  England  in  1545 
The  most  interesting  of  this  descriprion  is  th 
Prussian  zundnadelgewehr,  or  needle-prime  mus 
ket.    We  give  a  figure  of  it  (fig.  5).    The  she 
is  of  the  form  of  the  dotted  line^  in  the  upp- 
part  of  (fig.  3).  and  weighs  one  ounce  avoirdupoi 
exactly.    Its  diameter  at  the  shoulder  is  -63' 
inches.  Underneath  it  is  the  sjjiegd,  or  bottom  ,^  o 
woA  with  paper  rolled  hard  round  it,  and  wit 
a  hollow  at  the  upper  end  for  the  end  of  th 
ball.     Beneath  It  is  a  small  cup  r  (2),  con 
taining  an  igniting  composition.    The  cartrid 
below  contains  the  powder,  as  in  (2)  and  (3) 
The  barrel  a  a  is  like  that  of  the  pil!' 
breech  musket  and  of  the  same  length.  It 
screwed  into  a  strong  open  guide  or  channel,  b 
The  chamber,  properly  so  ciilled,  is  bored  o 
from  behind,  slightly  conical  in  shape,  so  th 
when  the  cartridge  is  placed  in  it,  the  should 
of  the  ball  c  d,  is  stopped  by  the  rifle  groov 
Inside  is  an  iron  tube  k  k,  with  a  strong  han 
F,  and  having  at  front  a  s]iace  G  g,  of  about 
inch  long.     In  the  miJtlle  of  this  there  i9 
pillar  H,  jiiorced  for  the  needle  n,  which  is 
ignite  the  charge.    It  is  screwed  into  a  plate  j 
behind  which  is  a  tube  (not  shown)  with  a  doub 
catch   spring  attached,  which  carries  wi_ 
it  a  small  inner  tube  k.  k  (1),  with  projectio 
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.  L,  on  one-half  its  length,  and  a  spiral  spring  m, 
;i  the  other.  Through  this  tube  the  needle — a 
loel  wire  about  -03  incli  diameter,  bluntly  pointed 
It  the  end,  passes.  At  its  other  end  the  needle 
crews  into  a  brass  lead  o,  which  again  screws 
ita  the  inner  tube  to  which  the  spiral  spring  is 
, :  tached.  The  trigger  could  not  be  intelligibly 
iiown  in  the  diagi-am.  It  has  a  bolt  movement 
1  tiring — striking  forward  the  needle  on  the 
iihninating  matter  in  r.  It  admits  of  the 
whole  mechanism  of  the  tube  k  e,  being  drawn 

1.  2. 


3 


Fig.  5. 

out  from  behind,  cleaned, 
5gain,  which  can  be  done 


and  put  together 

—  —    in  a  few  minutes. 

lbs  sliding  tube  is  capable  of  being  moved 
j'Mkwards  or  forwards  in  the  barrel,  near  the 
I'reech,  by  means  of  a  pin  or  handle  in  its  side, 
^vtien  It  is  drawn  as  far  back  as  is  allowed, 
tnere  13  an  open  chamber  left  where  the  charge  is 
introduced.  The  tube  is  then  pressed  forward, 
',  '  "y  *  very  simple  contrivance,  locked  into 
'"e  gun  as  before.  In  this  state  the  needle  is  in 
connection  with  tlic  trigger,  and  the  musket  is 
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ready  to  be  fired. — The  evident  advantage  of  the 
needle-prime  musket  is  the  very  great  rapidity  of 
fire.    In  an  engagement,  however,  this  is  per- 
haps not  so  material.    The  delicacy  of  the  whole 
mechanism  is  greatly  against  the  general  em- 
ployment of  this  weapon.    But  as  the  Prussian 
government  is  fully  convinced  of  the  great 
superiority  of  this  rifle,  it  has  armed  their  sol- 
diers with  it,  to  a  very  large  extent.    The  prin- 
ciple of  loading  at  the  breech  has  been  applied  to 
the  large  ordnance  by  Cavalli  and  WahrendortT 
in  1846.   This  permits  I'ifled  cannon.    It  appears 
doubtful  whether  the  Cavalli  gmis  are  suffi- 
ciently strong  to  endure  long  continued  use.  The 
Wahrendorff  guns  have  hitherto  answered  bet- 
ter under  actual  trial.    The  principle  of  rotat- 
ing shot  has  been  recently  applied  to  Cannon, 
by  Mr.  Lancaster,  in  his  guns  of  elliptical  bore. 
These  make  the  shot  rotate  before  passing  out. 
and  proceed  lilce  a  ball  sent  from  a  rifle.  They 
have  been  used  for  shell,  but  the  violent  motion 
against  the  side,  in  many  cases,  broke  the  shell. 
In  using  heavier  shot,  again,  it  has  been  found 
that  the  same  cause  has  burst  the  gun.  The 
Lancaster  guns  must,  therefore,  be  considered,  as 
yet,  only  an  experiment.    Pistols  are  only  small 
guns  especially  portable ;  and  their  construction 
does  not  involve  or  depend  upon  principles  in  any 
degree  differing  from  those  already  explained. 
The  revolver  has  only  one  barrel ;  the  breech  car- 
ries six  cavities  for  six  charges,  and  malces  one- 
sixth  of  a  rotation  each  time  that  the  weapon  is 
fired  off,  putting  itself  immediately  so  as  to  be 
ready  to  be  fired  off  again.    There  are  very  con- 
siderable mechanical  difficulties  to  overcome  from 
the  niceness  of  the  mechanism ;  but  in  such  wea- 
pons as  Colt's  revolvers,  these  are,  in  effect,  very 
sufficiently  overcome. — As  for  Cannons,  and  tlie 
larger  pieces  of  ordnance  employed,  there  are 
three  things  to  be  considered:  the  accuracy  of 
aim,  the  manoeuvring  for  which  they  are  in- 
tended, and  the  means  of  transport.    In  view  of 
all  these,  we  require  different  arrangements  for 
almost  every  different  purpose — so  that  we  have 
mountain  artillery,  field  artillery,  naval  and  siege 
artiUery,  and  the  like.    For  field  artillery,  tlic 
first  essential  is  mobility.    The  carriage  consists 
of  two  principal  parts,  the  carriage  properly  so 
called,  and  the  waggon,  which  accompanies  tJie 
gun  for  the  sake  of  canying  various  supplies  of 
shot,  powder,  &c..    The  violence  of  recoil  is  care- 
fully to  be  guarded  against;  and  this  may  be  done 
in  two  waj's :  either  by  increasing  the  weight  of 
the  cannon  in  proportion  to  the  ball,  or  by  making 
the  beam  of  the  gun  carriage,  by  which  it  fits 
into  the  waggon  that  goes  before,  so  long  that  it 
lie  at  a  very  acute  angle  to  the  ground.  Siege 
artillery  is  much  heavier  than  ordinary  field 
artillery,  and  the  condition  of  mobility  is  not  so 
much  attended  to.    Mortars  and  Lancaster  guns, 
having  great  weight,  it  is  necessary  tliat  their 
recoil  should  be  as  sliglit  as  is  possible.  Naval 
irtillery,  and  fortress  artillery,  again,  are  subject 
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to  conditions  easily  conceived,  which  cause  cer- 
tain technical  modifications  in  their  construction. 
The  cari'iages  are  usually  made  of  Avood ;  some- 
times— for  the  sake  of  lasting  longer — of  bronze. 
The  cannon  themselves  are  made  of  bronze,  and 
malleable  or  cast  iron.  The  qualities  desirable  in 
then-  construction — which  neither  of  these  metals 
fully  procures —  are  sufficient  tenacity,  in  which 
respect  they  stand  in  the  following  relations : — 
Malleable  iron,  21.  Bronze,  13.  Cast  iron,  6. 
(The  corresponding  densities  of  the  three  metals 
ai-e  7-78,  8-826,  and  7-03  respectively.)— Next 
then"  hardness.  Then,  there  is  also  required,  that 
if  the  cannon  should  burst,  the  explosion  should 
be  as  little  dangerous  as  possible.  This  is  the 
greatest  objection  to  cast  metal,  which  would  be 
scattered  asunder  in  a  thousand  fi-agments  in 
such  a  case,  while  bronze  and  malleable  iron 
would  probably  crack  before  they  broke.  And 
there  are  further  economical  considerations  of 
price,  and  of  a  supply  that  may  answer  any  de- 
mand. In  these  latter,  lies  the  greatest  objec- 
tion to  the  employment  of  bronze.  Cannons  are 
now  frequently  made  of  a  sort  of  composite  of 
cast  and  malleable  iron,  the  inner  part  being 
malleable,  the  outer  cast  metal,  and  in  the  inter- 
A-al,  the  two  metals  shading  down  one  into  the 
other.  It  must  be  remembered  that  the  difference 
of  the  two  metals,  is  only  a  little  more  or  less 
of  carbon  in  their  composition ;  and  that  metals 
— of  qualities  approaching  nearer  and  nearer 
continually — can  be  used  for  the  different  layers. 
There  have  been  attempts  to  use  bronze  and 
cast  ii'on,  but  the  difl'erent  dilatability  of  the 
two  metals  interposes  an  almost  insuperable  bar- 
rier. Even  the  outermost  layer  of  cast  iron,  has 
very  nearly  tha  same  dilatability  as  the  inner- 
most of  malleable  iron.  The  succession  of  metals 
is  something  like  this.  Iron,  steeled  iron,  steel, 
white  cast  iron,  grey  cast  iron.  The  iron  has 
itself  no  trace  of  carbon  in  it,  the  steeled  iron  has 
traces,  the  steel  from  -6  to  1'5  per  cent.,  the 
white  iron  from  2  to  4,  and  the  grey  from  3  to  7 
per  cent. — Verj^  ample  details  on  the  processes 
of  manufacture  adopted,  will  be  found  in  the 
French  Diclionnaire  des  Arts  et  Manufactures, 
articles  Affut,  Armes  a  feu,  Bouches  a  feu,  Poudre 
a  Canon,  and  Projectiles,  and  Sir  Howard 
Douglas's  admirable  work  on  Naval  Gunnei'y :  to 
all  of  which,  the  present  article  is  indebted. 

Cinntcr's  Xiiiie.  A  scale  upon  which  num- 
bers are  laid  down  opposite  their  logarithms. 
Suppose  the  scale  to  be  in  inches,  and  to  be  3 
inches  long— then  1000  might  be  marked  at  the 
end  (103,  3  being  the  logarithm  of  1000),  100 
at  two  inches  from  the  beginning  (2  being  the 
logarithm  of  100),  and  10  at  one  inch  from  it, 
the  intermediate  intervals  of  an  inch  being  fdlod 
up  by  the  mnubers  whose  various  logarithms 
correspond  to  the  respective  lengths.  Its  use  is 
just  like  that  of  a  logarithmic  table.  If  we  want 
tf)  multiply  4X8,  take  the  length  marked  4, 
extend  it  from  the  point  marked  8, 
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shall  come  to  32,  The  reason  is  evident,  Ave 
have  been  adding  the  logarithms.  So,  to  fake 
the  square  or  cube  root  of  a  number,  bisect  or 
trisect  its  length  on  Gunler's  line,  and  to  take  its 
square  or  cube,  double  or  triple  it.    And  so  on. 

Ouiitcr's  (<icale.  A  scale  of  great  use  to 
sailors  in  working  simple  questions  of  navigation. 
Various  trigonometrical  quantities,  such  as  sines, 
chords,  tangents,  &c.,  of  dififerent  angles  are  laid 
down  on  it;  and  it  is  frequently  of  considerable  ad- 
vantage in  practice.  Its  use  depends  on  trigono- 
metric principles,  just  as  the  use  of  the  Line  of 
logarithms. — The  Gunfer's  Chain,  used  by  sur- 
veyors, is  also  worthy  of  notice.  Its  length  is 
66  feet,  and  10  square  chains  give  an  acre.  It 
is  divided  into  100  links,  so  that  100,000  square 
links  make  up  an  acre  accurately.  It  is  very 
useful  when  measuring  land  for  agricultural  pur- 
poses to  have  so  ready  a  method  of  turning  the 
results  into  acres.  Thus,  suppose  a  rectangular 
field,  7-95  chains  long  (i.  e.  7  chains,  95  links),  and 

05  X  4-80 


4 '80  chains  broad,  then  . 
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is  the  number  of  acres  contained  in  it. 

Gyratiou.  Cenu-e  of.  See  Centre  or 
Gykation. 

Oyroscope.  An  instrument  recently  invented 


by  M.  Foucault,  Avhich  has  acquired  notoriet 
and  we  |  from  its  elliciency  in  rendermg  risiWe — throug 
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•  direct  dynamic  effects — the  diumal  rotation 
the  Earth.  The  rationale  of  tlie  instrument 
1^  been  already  adverted  to  in  page  the 
oliowing  are  a  few  details  regarding  its  structure. 
Its  object  being  to  enable  a  heavy  disc,  a  a,  in 
rapid  rotation,  to  preserve  what  plane  of  rota- 
;ion  its  dynamic  conditions  may  require  it  to 
maintain,  the  uses  of  the  various  parts  of  the 
;  Gyroscope  ■will  readily  appear.  The  tall  figure 
bghows  the  gyroscope  in  supposed  action,  and  a 
isiinple  inspection  will  evince  how  very  free  is  the 
lafirame  ee  to  shift  its  plane, — being  suspended  at 
s  top  by  a  simple  thread  passing  through  the 
pipright  cylinder,  and  resting  at  its  bottom  on  a 


TIAI 

very  fine  point  placed  in  an  agate  cup.  "Witliin 
the  fi'ame  e,  the  detnclu'd  frame  c  c  may  be  laid, 
at  i\\\y  time,  so  that  tlie  knife  ed;.;es  d  d  rest  on 
hard  plates;  and  as  that  fra;iie  is  so  constructed 
that  the  heavy  rim,  a  a,  -which  constitutes  its 
chief  part,  may  be  put  into  rapid  rotation  by  a 
separate  machine,  it  is  evident  that  the  said  ring' 
may  easily  be  placed  in  that  state  of  rapid  mo- 
tion within  e  e,  and  so  left  that  it  experience  no 
appreciable  obstruction  in  its  efforts  to  preserve 
its  natural  plane.  The  form  of  the  instrument 
has  since  been  simplified:  that,  just  described,  is 
Foucault's.  In  reference  to  its  important  object, 
it  is  most  successful.    See  Earth,  page  S#if 
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nCadley's  Sextant  and  Qiiailrant.  See 

itSEXTANT. 

Haidiiiger's  Dichroscopic  ITIicroscope. 

;^ee  MicKoscoPB. 

Haidiuger's  Fringes  or  Tufts;  a  very 
innirioas  set  of  phenomena,  first  discovered  by  the 
iraminent  mineralogist  of  Vienna,  by  means  of 
ftwhich  polarized  light  may  be  detected  by  simple 
tvision.  These  tufts  require — in  order  that  they 
be  easily  seen — the  Obser\'er  to  have  a  pretty 
idistinct  conception  of  them,  and  also  that  he  have 
an  eye  naturalh'  sensitive  to  colour.  Neither  the 
moti  fringe  nor  izift,  adequately  explains  the  ap- 
Bpearances  discerned  by  Haidinger :  the  following 
iffill  better  define  them : — Take  a  set  of  small  twigs 
fof  willow — of  course  of  yellowish  colour — and 
»Se  them  tightly  by  the  middle.  The  ends  of  the 
•twigs  will  of  course  spread  out  somewhat,  and 
vfoim  j'ellowish  tiifts  or  brushes.  At  the  waist,  or 
»iiarrow  part  of  this  bundle,  conceive  a  slight 
■amount  of  violet  light:  that  is  the  complete 
picture  of  what  everj'  good  and  careful  eye  may 
detect  when  receiving  a  beam  of  polarized  light. 
The  phenomenon  is  not  special  but  universal. 
Light,  if  simplj-  polarized — from  whatever  quarter 
or  in  whatever  way  it  comes — whether  polarized 
by  artificial  modes,  or  natural  modes,  such  as  by 
t!ie  atmosphere,  whether  polarized  by  reflection 
nr  refraction,  uniformly  exhibits  it;  so  that 
llaidinger's  tufts  are  an  infallible  criterion  to  a 
good  eye,  whether  the  light  it  discerns  is  polarized 
01"  not.  Haidinger  considers  further,  that  the  dis- 
position of  these  tufts  clearly  indicates  the  plane 
of  polarization— the  axis  of  the  yellow  light 
always  being  in  that  plane.— The  theoretical  ex- 
planation of  these  remarkable  colours  is  perhaps 
still  to  find.  But  it  probably  holds  by  this  law, 
—no  medium  can  polarize  all  /he  coloured  rays 
^•nder  the  same  incidence;  so  that  the  disappear- 
"ice  of  the  refected  ray  never  can  he  entire.  The 
intermediate  colours  alone,  would,  under  such 
eircumstances,  be  quite  lost  to  the  eye;  and  the 
remaimng  complementary  one?,  viz.  :_the  yelluw 
and  »«ofe<_surviving,  so  to  speak,  the  compara- 
tive extinction  of  the  others,  would  arrange  them- 


selves, in  some  form,  before  the  attentive  operator. 
They  must  also,  if  this  be  true,  arrange  them- 
selves in  tufts,  with  axes  at  right  angles  to  each 
other. — The  subject,  however,  remains  obscure. 

Kail ;  SSail-i^torm.  One  of  those  meteoro- 
logical phenomena,  of  which  the  explanation 
continues  exceedingly  diflScult  and  doubtful. — The 
circumstances  of  a  Hail-storm  are  generally  these. 
It  is  preceded  by  a  rustling  noise  in  the  air,  and 
always  accompanied  by  electrical  effects :  thunder 
is  sometimes  its  precursor ;  it  is  often  heard  dur- 
ing the  storm,  and  at  the  approach  of  that  storm, 
the  electrometer  frequently  changes  its  sign, — 
indicating,  at  the  same  time,  great  diflerences  of 
electric  intensity.  In  oar  climates,  these  showers 
usually  occur  in  spring  and  summer,  and  almost 
always  about  those  hours  when  the  daily 
temperature  is  highest.  Hail  often  precedes  and 
accompanies  heavy  rain-showers ;  it  rarely  fol- 
lows them.  The  clouds  that  scatter  this  meteor 
are  extremely  dense,  and  generally  they  exhibit 
a  sort  of  bronze  colour ;  their  edges  are  irregular; 
they  manifest  great  irregularities  in  their  solid 
contour,  and,  in  the  main,  they  are  not  much 
elevated.  Like  all  great  storms,  these  Hail- 
storms are  local ;  but  their  devastation  extends, 
nevertheless,  over  considerable  spaces.  By  one 
single  stonn  in  France  in  1788,  the  damage 
done  was  computed  at  one  million  of  pounds  ster- 
ling,— this  storm  ravaged  upwards  of  a  thousand 
parishes. — The  Hail-drop  is  usually  composed  of 
several  distinct  and  very  distinguishable  layers 
of  transparent  ice,  surrounding  a  white  and 
opaque  nucleus,  which  appears  a  mere  flocule  of 
snow.  The  weight  of  the  hail-drop  often  reaches 
that  of  a  hundred  or  three  hundred  grains. — How- 
is  it  to  be  conceived,  then,  that  solid  pieces  of  ice 
of  such  weight — the  assemblage  of  which,  con- 
stitutes those  dark  bronze-looking  clouds — can 
sustain  themselves  in  the  air,  or  develop  them- 
selves within  those  clouds?  A  problem,  whose 
solution  is  not  acliieved.  The  explanation,  on  tlie 
ground  of  electrical  operations,  first  given  by 
Volta,  has  recently  been  modified  by  BI.  Peltier, 
and  presented  in  the  following  shape,  ^^'he^ 
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two  clouds,  in  opposite  electric  states,  are  placed 
oi>e  above  the  other,  their  mutual  attraction  is 
considerable:  the  two  strata  approach  without 
any  signal  electric  discharge — only  they  act  on 
each  other,  through  influence — that  is,  as  one 
pointed  or  corrugated  electric  body  acts  on  an- 
other of  the  same  kind.  The  electricities  are  thus 
exchanged;  but,  according  to  Peltier,  no  such 
exchange  can  take  place,  Avithout  producing 
vaporization  of  the  water  of  those  drops  or  vesicles 
of  which  the  clouds  are  composed :  hence,  a  low- 
ering of  temperature — rapid  in  proportion  to  the 
electric  tension  of  the  two  clouds.  If  the  tem- 
perature of  the  two  clouds  is  considerable,  no 
noticeable  eflect  results :  but  if  one  of  them  is 
near  zero,  this  diminution  of  temperature  must 
produce  congelation  of  the  portions  of  it  not  va- 
porized— transfusing  them  into  flakes  of  snow. 
Peltier  follows  the  course  of  these  flakes,  showing 
how,  in  his  opinion,  they  must  be  quickly  sur- 
rounded by  strata  of  solid  ice :  but  as  the  entire 
views  of  this  Inquirer  are  simply  under  considera- 
tion ;  and — be  it  frankly  confessed — as  the  whole 
subject  appears  at  present,  much  more  a  talk 
about  a  thing,  than  a  careful  deduction  of  neces- 
saiy  results,  we  shall  not  follow  him  into  details. 
Kaemtz,  on  the  conti'arv,  is  inclined  to  attribute 
all  known  eflTects  to  the  low  temperatures  of  those 
upper  atmospherical  strata,  in  which  the  particles 
of  water  solidify.  Neither,  however,  does  his 
theory  at  all  satisfy  one.  There  is,  indeed,  at 
present,  no  sufiicient  explanation  of  the  pheno- 
mena of  a  Hail-storm;  and  it  is  abundantly 
necessary  that  Phj^sicists  betake  themselves  to 
closer  and  more  numerous  verifications  of  all  the 
facts  connected  with  these  extraordinaiy  and 
formidable  Hydrometeors. 

Hallcy's  Comet.  One  of  the  best  known 
and  earliest  discovered  of  the  comets  of  our  sj's- 
tem.  Halley,  the  celebrated  English  astronomer, 
compared  the  various  comets  which  had  appeared 
before  his  time,  with  the  recorded  elements  of 
their  orbits  at  each  time,  and  found  that  three 
comets  had  appeared  in  the  years  1531,  1607, 
and  1682,  at  intervals,  and  with  elements  differ- 
ing only  as  any  one  knowing  gravitation  would 
expect  them  to  do.  He  ventured  to  predict  that 
it  would  return  in  the  j-ear  1758.  It  did  appear 
accordingly  on  Christmas  day  of  that  year,  and 
was  afterwards  repeatedly  observed  at  various 
points  in  Europe,  though  not  at  all  by  the 
naked  eye.  The  prediction  of  its  return  in  1835 
was  easily  made ;  but  there  remained  the  enor- 
mous labour  of  making  the  corrections  which 
the  perturbing  forces  of  the  planets  would  re- 
quire. It  was  at  last,  however,  undertaken,  and 
the  comet  returned  as  predicted.  It  had  been  pre- 
dicted by  Rosenberger  on  the  11th  November, 
and  by  Sehmann  on  the  26th,  and  it  actually 
passed  its  perihelion  on  tlie  16th.  It  is  not  diffi- 
cult now  to  predict  its  return  about  the  year  1911, 
but  the  labour  of  calculating  its  perturbations, 
and  the  exact  date  of  its  reappearance,  has  j  et  to 
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be  gone  through.  "With  all  the  increased  power 
of  our  mathematical  analysis,  we  should  be  able 
to  predict  its  return  within  a  day,  or  even  a  few 
hours  of  the  truth.  The  following  are  the  elements 
as  observed  in  the  Perihelion  passage;  November 
15"93546  of  Greenwich  mean  astronomical  time: 

Place  of  Perihelion  on  the  orbi  t . .  .304°  ZH  9' -2 

Long,  ascendint;  node..-   55    8  21-2 

Inclination  of  orbit  „  17  4-5  5G  7 

Eccentricity   ■.')G7&o09 

Semi-axis  major   18-0779386 

See  Comets. 

Haloes ;  Parhelia.    Haloes  are  extremely 
complex  optical  phenomena,  due  to  the  refraction 
of  light  through  small  frozen  particles  floating 
in  the  atmosphere.    Haloes,  properly  so  called, 
axe  coloured  circles  around  the  luminary  whose 
rays  give  rise  to  them :  the  radius  of  the  first 
circle  subtends  an  angle  of  22°;  that  of  the 
second,  46° ;  and  there  is  sometimes  a  third,  the 
visual  angle  of  whose  radius  is  90°.    All  three 
are  coloured  prism atically;  in  the  two  first,  the 
red  is  within,  and  the  violet  without ;  while,  in 
the  third  circle,  the  opposite  arrangement  takes 
place.    The  atmospheric  modifications  that  give 
rise  to  these  concentric  circles  around  the  Sun, 
may  also  produce  a  white  circle  parallel  to  th 
horizon,  as  broad  as  the  Sun,  and  passing  throug 
his  disc.    Sometimes  another  white  band  is  vis 
ible,  also  passing  through  the  Sun,  but  perpen 
dicular  to  the  former,  giving  rise  to  a  white  cro 
within  the  circles  of  the  halo:  which  cross,  how 
ever,  often  extends  beyond  these  circles, — th 
horizontal  one,  as  just  remarked,  gouig  round  th 
entire  horizon. — Parhelia,  or  images  of  the  Sun 
are  formed  upon  these  white  bands,  near  th" 
intersection  with  the  circles  of  the  haloes, — th- 
distance  from  the  centre  of  the  luminarj'  bein 
greater,  the  higher  that  luminary  is  in  the  sky 
Parhelia  are  coloured  like  haloes,  and  have  fi 
quently  a  sort  of  tail,  lying  along  the  parheli 
circle  on  which  they  are  formed. — Finally,  quite 
independent  of  haloes  properly  so  called,  or  o 
circles  concentric  with  the  Sun,  and  also  of  par 
helia — tangent  circles  are  sonierimes  discerned,  an 
portions  of  elliptic  arcs,  of  an  extremely  comple> 
nature ;  evidently  connected,  however,  with  th 
concentric  and  parhelic  system. — Marriotte,  Ion; 
ago,  attributed  haloes  to  the  refraction  of 
through  small  crystals  of  ice ;  and  all  ob^crv  n 
tion  appears  to  confirm  his  view.  Caiculalir 
also  confirms  it,  for  the  angles  subtended  by  tl: 
radii  of  the  concentric  circles,  are  deducible  frc  i 
the  natural  shape  of  these  crystals  of  ice,  wbic 
are  always  referable  to  hexagonal  prisms.  Tli 
third  circle,  with  colours  in  the  inverse  order, 
probably  due  to  the  refraction  of  the  rays  ili. 
have  undergone  a  first  reflection  within  tl 
prisma.    The  rationale  of  this  process  may  1 
comprehended  by  the  student  who  reads  .Ti  ii 
Rainbow.    Parhelic,  horizontal,  and  vciii^ 
circles,  being,  on  the  other  hand,  white,  or  u; 
coloured,  must  originate  in  rejleclions  of  ligin 
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aid  it  is  in  acts  otrejlection  by  tlie  small  flakes 
iif  snow,  that  thej'  find  their  explanation.  See 
for  details,  any  extended  optical  treatise,  or  the 
excellent  work  on  meteorology  by  Kaemtz. — 
These  phenomena  are  never  seen,  unless  the 
arms,  or  cirro-stratus  cloud,  intervenes  between 
the  lummary  and  the  observer; — a  fact  decisively 

f  establishing  the  nature  of  the  structure  of  these 

c  clouds. 

Ilardiicss  of  substances,  is  a  quality  by 
»  which  we  are  frequently  enabled  to  draw  clear 
J  distinctions  between  them.  It  is  probable  that 
the  hardness  of  all  the  ultimate  atoms  is  the 
-ame,  though  no  experimental  investigation 
tiirows  light  on  such  a  point. — We  form  tables 
of  the  hardness  of  bodies,  placing  them  in  the 
order  of  their  capacity  for  scratching  one  anotlier. 
If  one  body,  drawn  along  another,  leaves  a  scratch 
on  its  surface,  it  may  be  set  down  as  harder  than 
it.  It  would  be  improper  here,  however,  to  make 
the  scratching  body  very  sharp  pointed,  as  such 
a  point  would  make  us  believe  the  scratched  body 
softer  than  it  really  is,  as  glass  is  sometimes 
scratched  by  a  pretty  sharp  pin  point.  Mohl  has 
taken  the  following  bodies  as  his  units  of  hard- 
iieis : — 

Talc  has  a  hardness 

marked  by...   1 

Rock  salt,  gypsum   2 

Calcareous  spar  3 

• ;  Finer  spar  4 

Phosphate  of  lime,  or 
apatite  5 

Those  which  are  scratched,  e  g.  by  topaz,  and  not 
by  rock  crystal,  have  a  hardness  somewhere  be- 
tween 7  and  8,  and  it  is  quite  conceivable  how, 
arranging  a  series  of  such  substances,  we  may, 
by  mutual  comparisons,  come  to  be  able  to  fix 
approximately  the  numbers  representing  their 
hardnesses.  There  is  only  this  danger  to  be 
fxuarded  against,  that  we  may  get  the  sub- 
stances in  their  non-natural  state,  e.g.  hammered 
metals.  A  change  of  hardness  might  evidently 
result  from  such  a  process  as  hammering,  and 
we  should  then  thus  obtain  false  indications. 
We  give  a  table  of  the  hardnesses  of  various  of 
tlie  more  common  substances.  It  is  a  general 
nile,  though  not  unvarying,  that  simple  bodies 
are  hardest: — 


Felspar,  or  adularla...  6 

Rock  crystal  7 

Topaz  „  8 

Corundum  9 

Diamond  10 


Plumbago  ,.,.1 

Common  salt  2 

Native  sulphur. ...2-5 

Native  gold  3-25 

Native  iron  4-5 

'^1'"!  li-75 

tnalcednny  7 

Kmerald...  7"5— 8 

Tourmaline  8 

Sapphire  g 


Sal  ammoniac....! ■5—2 

Amber  2—25 

Native  copper.... 2"75 

Native  silver  425 

Native  arsenic.  .5 

Quartz  7 

Flint  7—7-25 

Topaz  8 

Chrysobeiyl  8-5 

Diamond  10 


Harmonics.  "We  have  seen  (Acoustics) 
that  when  a  string  is  set  to  vibrate,  so  as  to 
fivolve  musical  tones,  its  halves,  its  thirds,  its 
''>"rths,  and  .so  on,  vibrate  also ;  producing,  ac- 
I'oramg  to  the  fundamental  laws  of  vibration, 
notes  with  twice,  three  times,  four  times,  &c.,  the 
'Himber  of  vibrations  which  the  origmal  had. 
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These  notes  are  called  harmonics  to  the  original 
one.  According  to  this  method,  it  is  evident 
that  every  note  will  have  its  just  harmonic,  at 
the  same  point  in  the  succeeding  octave,  as  it 
occupies  in  its  own.  Thus  c  produces,  for  ex- 
ample, c';  if  c'  be  the  c  of  the  octave  immediately 
above ;  and  as  c'  has  2  a  vibrations  (a  being  the 
number  of  the  original  note),  the  next,  which  has 
3  «,  or  X  2  a  vibrations,  will  be  G',  i.e.  g  of 
the  same  octave.  The  next  with  4  a  vibrations, 
or  2  X  2  a,  wUl  be  c",  and  6  a,  or  |  X  4  a,  will 
be  E".  The  series  of  harmonics,  when  the  funda- 
mental note  is,  e.g.  c,  will  therefore  be  thus, — 

C,  C,  G',  0",  E",  G"  (B"'flat)  C"'D'"E"'F'"G'"A"',  &C. 

When  we  employ  an  instrument  consisting  of  a 
single  tube  open  or  closed,  the  foregoing  must 
be  the  series  of  notes  that  can  be  obtained 
from  it.  The  exact  series  will  depend  upon  the 
fundamental  note.  (See  Acoustics,  Tables.') 
The  bugle,  the  French  horn,  and  the  trumpet, 
are  examples  of  such  instruments  In  no  in- 
strument is  it  possible  to  give  the  whole  series 
of  harmonics.  We  have  already  pointed  out 
(Acoustics),  that  there  is  a  limit  at  once  to  the 
number  and  the  fewness  of  the  vibrations  which 
are  audible  to  the  human  eir.  Several  of  these, 
it  is  not  possible  for  ordinary  people  to  sound. 
Hence,  the  range  of  such  instruments  is  suiS- 
ciently  limited,  and  yet,  remembering  that  the 
fundamental,  without  being  either  incapable  of 
being  heard  or  sounded,  may  have  a  prettj'  small 
fraction  of  the  highest  number  of  audible  or 
soundable  vibrations,  we  may  make  the  range 
very  extensive. 

Hearing.  The  act  of  hearing  is,  of  course, 
that  accomplishment  of  sensation  for  which  pro- 
vision is  made  by  the  organism  of  the  Ear.  It 
may  be  used  in  a  wider  sense  to  denote  the  ac- 
complishment of  that  sensation  by  aid  of  any 
mechanism.  To  determine  the  circumstances 
under  which  Hearing  is  the  easiest — to  determine, 
for  instance,  the  structure  of  a  large  room  or  hall, 
so  that  a  speaker  be  heard  with  facility,  is,  un- 
fortunately, as  yet,  one  of  the  great  desiderata, 
and  desideranda  of  practical  science.  The  tirst 
necessity, — the  only  one,  indeed,  clearly  recog- 
nized— is  the  prevention  of  echoes ;  and,  this  is 
accomplished  best,  by  such  irregularity  of  interior, 
as  shall  prevent  any  one  predominant  reflection 
of  sound — an  irregularity  that  may  break  up  the 
reflected  waves  into  a  great  number  of  small  ones, 
many  of  which  may  be  supposed  to  interfere  with 
and  destroy  each  other.  When  the  speaking  for 
which  a  room  is  to  be  used,  takes  place  invariably 
at  one  spot — such  as  a  Church,  or  a  public 
assembly  with  a  Tribune,  the  voice  of  the  speaker 
may  be  greatly  aided  by  reflectors  placed  behind 
him :  but  when  the  speaking  occurs,  as  in  our 
House  of  Commons,  at  all  parts  of  the  building, 
no  such  aid  is  admissible.  The  infancy,  or  rather 
total  absence  of  applicable  science  on  this  subject, 
has  lately  been  sufficiently  proved  by  Sir  Charles 


Barr3''s  efforts  at  ^Vestniiiister  The  practised 

speaker  learns  that  there  is  an  art,  in  tliis  matter, 
■which  be  must  acquire  for  himself.  E\'ery  room 
has  its  own  peculiar  or  fundamental  note ;  and 
if  the  voice  be  pitched,  in  conformity  with  that 
note  or  any  of  its  concords,  speaking  and  hearing 
will  be  alike  comparatively  easy. — See  farther, 
article  Sou^'D,  Transmissioii  of. 

Heat,  or  Caloric,  the  cause  of  our  sensa- 
tions of  Heat,  and  the  source  of  many  of  the  most 
important  and  manifest  actions  and  changes  that 
occur  in  the  material  world.  The  phenomena 
connected  with  this  powerful  physical  agent,  are 
described  and  discussed  under  various  separate 
articles  in  our  dictionary.  For  ffeat,  as  modifying 
the  condition  of  bodies,  see  articles  Expansion, 
Congelation,  Vaporization,  and  the  one  im- 
mediatelj-  following  this  notice.  For  the  laws  of 
the  diffusion  of  Heat,  the  student  is  referred  to 
Absorption,  Conduction,  Specific  Heat; 
and,  with  respect  to  free  Caloric,  to  our  long 
article  on  Eadlant  Heat,  as  well  as  to  Refrac- 
tion and  Polarization.  The  whole  modern 
theory,  termed  the  Mechanical  Theory  of 
Heat,  has  been  discussed  in  a  very  elabo- 
rate article  from  the  pen  of  Professor  Kanltine  of 
Glasgow  University,  to  whose  researches  its  de- 
velopment owes  so  much.  The  applications  of 
Heat  to  practical  purposes,  are  treated  under 
Heating  of  Buildings,  Ventilation,  Air- 
Engine,  Steaji-Engine,  and  Vapours.  For 
the  modes  of  measuring  Heat,  see  Pyrometer 
and  Thermometer.  And  every  important  cur- 
rent speculation  regarding  its  cosmical  action, 
will  be  noticed  under  Sun  and  Temperature. 

Scat,  as  the  Cause  of  Change  of  Slate. — Until 
quite  recently,  it  would  have  been  enough  to 
state  in  this  place,  that  under  the  influence  of 
Heat  or  of  its  abstraction,  all  bodies  may  be  made 
to  assume  the  solid,  liquid,  or  gaseous  form ;  but 
the  remarkable  investigations  of  M.  Boutigny 
d'Evreux  relative  to  the  phenomena  and  con- 
ditions of  change  of  state,  demand  a  special  notice. 
The  primary  fact,  in  this  curious  inquiry,  was 
noticed  by  Leidenfrost  in  1790.  It  is  this— if  a 
drop  of  water  be  let  fall  on  a  7-ed  hot  dry  plate, 
instead  of  distributing  itself  over  the  surface  of 
the  plate,  or  immediately  evaporating,  it  rolls 
about  over  that  surface,  and  remains  rolling  for 
a  considerable  time.  The  observations  and  re- 
searches of  Boutigny  have  given  this  curious 
phenomenon  full  delinitencss,  and  seem  to  lead 
to  practical  results  of  greatest  importance.  It 
appears  that  whenever  water  or  other  liquid  is 
dropped  on  a  plate  or  capsule,  at  a  temperature 
considerably  higher  than  the  boiling  point  of  that 
liquid,  it  immediately  assumes  the  form  of  an 
oblate  spheroid,  becomes  subject  to  the  aforesaid 
undulatory  motion,  and  requires  a  very  much 
longer  time  for  its  evaporation,  than  had  the 
plate  been  merely  at  the  temperature  of  its  boil- 
ing point.  Boutigny  calls  tliis  the  spheroidal 
stale  of  bodies  subject  to  the  action  of  Caloric,  or 
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the  spheroidal  efftets  of  Caloric.    It  also  appears 
that  if  the  bulb  of  a  thermometer  be  plunged  m\a 
the  spheroid,  that  thermometer  always  indicates 
a  lower  temperature  than  the  point  of  ebullition: 
let  the  metallic  capsule,  however,  be  allowed  to 
cool,  the  temperature  of  the  water  will  imme- 
diately rise,  and  ebullition  of  a  most  violent  and 
convulsive  nature  takes  place  on  the  instant.  It 
is  easy  to  see  how,  on  the  ground  of  these  most 
singular  facts,  the  moistened  hand  may  safely  be 
brought  into  contact  with  red  hot  metals;  al- 
though the  astonishment  is  not  yet  forgotten, 
witii  which  the  members  of  a  recent  meeting  of  the 
British  Association,  saw  M.  Boutigny  handhng 
innocuously,  and  without  fear,  masses  of  boiling 
lead ;  thus  apparently  realizing  the  tales — usually 
deemed  legendary — of  escapes  in  ancient  times 
from  the  ordeal  of  Fire.   It  will  be  recollected  by 
the  historical  student,  that,  in  the  year  241,  one  of 
the  High  Priests  of  the  Magi,  proposed — under  the 
orders  of  Sapor — that  large  quantities  of  molten 
lead  should  be  poured  on  his  nalced  body,  and  that 
if  he  came  forth  unscathed,  the  truth  of  the  ortho- 
dox faith  should  be  held  established.    The  ex- 
periment was  made  before  an  immense  assemblj'; 
the  High  Priest  was  unhurt,  and  the  doubts  of 
sceptical  Persians  thus  banished  for  ever ! — These 
remarkable  researches  have  thrown  much  light 
on  the  formerly  verj"-  puzzling  phenomena  of  the 
explosion  of  Steam  Boilers.  "We  shall  discuss  this 
subject  at  length  under  the  appropriate  article 
(Steam  Boilers)  ;  it  may  simply  be  remarked 
here,  that,  on  the  very  contrary  to  what  was 
formerly  believed,  these  catastrophes  must  ofren 
have  been  the  result  of  acts  in  any  way  lozcering 
the  lemperaiure  of  the  boiler. — More  pertinent  it 
is  to  notice  in  this  place,  the  theoretical  inquiries 
suggested,  and  only  yet  in  course  of  solution. 
For  instance,  what  is  the  lowest  temperature  at 
which  this  spheroidal  state  can  be  produced? 
"What  the  rate  or  law  of  evaporation  when  the 
body  has  entered  the  spheroidal  state?  "VMiat 
the  temperature  of  bodies  in  this  state,  and  what 
the  temperature  of  their  vapour  ?    Does  radiant 
heat  traverse  these  spheroids,  or  is  it  reflected 
from  their  surfaces  ?    Are  all  bodies  capable  of 
assuming  this  condition,  or  only  a  certain  class; 
and  if  the  latter,  wliat  the  characteristics  of  this 
class?    Is  there  contact  between  liquids  in  the 
spheroidal  state,  and  the  surfaces  that  gave  rise 
to  that  state? — These  points,  and  many  others, 
are  still  sub  judice. — The  reader  is  referred  espe- 
cially to  the"  original  and  laborious  researches  of 
M.  Boutigny. 

Ileal,  Capacity  of  Bodies  for;  or  Specific 
Heat. — If  two  equal  masses  of  dirterent  sub- 
stances, at  the  same  tem]ierature,  are  required  to 
be  raised  in  temi)erature  tlie  same  number  of  de- 
grees, it  is  found  that  a  greater  positive  quantity 
of  Heat  is  required  to  accomplish  the  change  in 
the  one  body  than  the  other.  On  this  account 
bodies  are  said  to  vary  in  their  Capacities,  or 
Specific  Heats.  See  Specific  Ukat. 
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tioa  ol',  or  Tfaeriuo-dynomics. 
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rs.— It  is  a  matter  of  ordinary  observation, 
at  Heat,  bj-  expanding  bodies,  is  a  source  of 
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being  expended  either  in  compressing 
flies,  or  in  producing  friction,  is  a  source  of 
I  eat.  The  reduction  of  the  laws  according  to 
vhich  these  phenomena  take  place,  to  a  physical 
heory,  or  connected  system  of  principles,  called 
he  Science  of  Tiiekmo-dynajiics,  is  of  recent 
late,  and,  in  many  respects,  may  be  considered 
I  be  still  in  progress.  The  steps  in  reasoning, 
in  experimental  knowledge,  which  have 
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gradually  led  to  the  formation  of  this  system  of 
innciples,  are  difficult  to  trace,  and  more  difficult 
;o  separate  from  the  history  of  the  two  kinds  of 
mechanical  hypotheses,  which  have  been  proposed 
w  means  of  deducing  the  laws  of  heat  from  those 
M  motion  and  force;  for  one  of  those  hypotheses, 
-that  which  supposes  the  phenomena  of  heat  to 
»  caused  by  the  presence,  in  greater  or  less 
quantity,  of  a  substance  called  "caloric,"  has 
«>een  the  chief  impediment  to  the  progress  of  the 
accurate  knowledge  of  the  laws  of  the  relations 


between  heat  and  motive  power;  while  t?ie  other 
bj'pothesis,  which  supposes  the  phenomena  of 
heat  to  be  caused  by  molecular  vibrations  and 
revolutions,  has  been  the  means,  in  some  in- 
stances, of  anticipating  laws,  and  predicting 
numerical  results,  which  have  since  been  con- 
firmed by  experiment,  and  in  others,  of  suggest- 
ing experiments  whereby  important  laws  have 
been  discovered  In  the  stage  which  our  know- 
ledge has  now  attained,  it  is  possible  to  express 
the  laws  of  Thermo-dynamics  in  the  form  of  inde- 
pendent principles,  deduced  by  induction  from  the 
facts  of  observation  and  experiment,  without  re- 
ference to  any  hypothesis  as  to  the  occult  mole- 
cular operations  with  which  the  sensible  pheno- 
mena may  be  conceived  to  be  connected;  and  this 
course  will  be  followed  in  the  body  of  the  present 
article,  reserving  to  the  conclusion  a  general  ac- 
count of  the  nature  and  results  of  those  hypo- 
thetical ideas  which  have  been,  and  may  be  found 
useful.  But,  in  giving  a  brief  historical  sketch 
of  the  progress  of  Thermo-dynamics,  the  progress 
of  the  hypothesis  of  thermic  molecular  motions' 
cannot  be  wholly  separated  from  that  of  the 
purely  inductive  theory. — The  Aristotelian  Hot 
Element,  as  well  as  the  other  trroi^ila,  appears, 
so  far  as  we  can  judge,  to  have  been  understood 
by  Aristotle  himself,  not  as  a  siihstance,  hui  as 
one  of  the  states  of  which  substances  are  suscep- 
tible.— In  the  scholastic  sense  of  the  term  "  Ele- 
mentum  Itj/nis,"  viz.,  the  supposed  sub.stance, 
afterwards  called  "  Phlogiston  "  and  "  Caloric," 
Galileo  disputes  the  real  existence  of  anything 
corresponding  to  it,  and  Bacon  declares  it  to  be 
one  of  those  ^'■nomina  nihilorum"  which  are 
amongst  "  Idola  fori  molestissima" — The  hj'pb- 
thesis  of  thermic  molecular  motions  was  main- 
tained by  Galileo,  Bacon,  Boyle,  and  Newton, 
Montgolfier,  Seguin,  Kumford,  Davy,  Leslie, 
and  Young.  Rumford  and  Davy  supported  it  by 
most  remarkable  experiments  on  the  production 
of  heat  by  friction, — a  phenomenon  which  is  the 
key  to  the  whole  science  of  Thermo-dynamics: — 
Davy  endeavoured  to  put  the  mechanical  hypo- 
thesis into  a  definite  form :  Young,  in  his  Lectures, 
stating  the  whole  question  in  the  clear  and  for- 
cible manner  peculiar  to  him,  showed,  that  the 
facts  of  experiment,  as  known  in  his  time,  were 
conclusive  against  the  hypothesis  of  substantial 
caloric.  That  hypothesis,  however,  continued  to 
hold  its  ground,  and  to  a  considerable  extent  does 
so  still;  a  fact  wliich  is  probably  in  a  great 
measure  owing  to  the  employment  of  its  language 
in  works  of  reference,  and  to  the  popular  tendency 
to  ascribe  substantive  existence  to  the  subject  of 
a  name. — The  adoption  of  the  hypothesis  of 
thermic  molecular  motions,  and,  Avhat  is  of  more 
importance,  tlio  abandonment  of  the  hypothesis 
of  substantial  caloric,  have  been  much  [iromoted 
by  the  series  of  discoveries  whicli  have  .shown, 
that  tlie  communication  of  liglit  and  heat  by 
radiation,  if  not  actually  consisting  in  the  propa- 
gation of  molecular  vibratoiy  movements,  takes 
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place  according  to  laws  analogous  to  those  of  the 
propagation  of  such  movements,  and  -wholly  at 
variance  with  those  of  the  diffusion  of  any  con- 
ceivable substance. — A  most  important  step  to- 
wards the  formation  of  a  true  physical  theory  of 
the  relations,  not  only  between  heat  and  motive 
power,  but  between  heat  and  every  other  kind  of 
phj'sical  energy,  was  made  by  Black's  great  dis- 
covery of  Latent  Pleat,  and  by  Watt's  applica- 
tions of  that  discovery  to  the  improvements  of  the 

Steam  Engine  The  term  "  Latent  Heat,'"  when 

freed  from  hypothetical  notions,  means,  an  amount 
of  that  condition  of  matter  called  Ueat,  which 
has  disappeared  in  producing  phj'sical  effects 
different  from  heat, — such  as  expansion,  fusion, 
evaporation,  and  chemical  changes, — and  which 
may  be  made  to  reappear  by  reversing  the  changes 
in  which  such  physical  effects  consisted, — that  is, 
by  compression,  congelation,  liquefaction  of  va- 
pours, and  inverse  chemical  changes. — The  pro- 
gress in  the  trae  theory  of  Thermo-dj'namics,  to 
which  this  discovery  might  have  led,  was  for  a 
long  time  retarded  by  a  fallacious  principle, 
arising  from  the  hypothesis  of  substantial  caloric 
in  the  following  manner: — Let  a  substance  change 
from  a  less  bulky  to  a  more  bulky  condition,  or 
from  the  liquid  to  the  gaseous  state,  or  generally, 
fi'om  the  state  x  to  the  state  b,  this  change  being 
of  such  a  nature,  that,  according  to  Black's  dis- 
covery, heat  disappears,  and  some  physical  effect 
different  from  heat  is  produced.  Let  this  opera- 
tion be  called  (a,  b),  and  let  Hi  be  the  amount 
of  heat  which  disappears.  Next,  let  the  sub- 
stance change  back  from  the  state  b  to  the  ori- 
ginal state  A :  let  this  change  be  called  (b,  a). 
It  will  cause  a  certain  quantity  of  heat  Hq  to  re- 
appear. If  the  series  of  intermediate  changes 
undergone  bj'  the  substance  during  the  process 
(b,  a),  be  exactly  the  reverse,  step  for  step,  with 
those  undergone  during  the  process  (a,  b),  everj'- 
thing  done  by  the  first  process  vail  be  exactlj'  un- 
done by  the  second ;  no  permanent  physical  effect 
will  ensue  from  the  combined  processes ;  and  the 
amount  of  heat  which  reappears,  Hq,  must  neces- 
sarily be  equal  to  the  amount  of  heat  Hi,  which 
formerly  disappeared.  This  was  understood  from 
the  time  of  the  first  discovery  of  Latent  Heat ; 
and  so  far  there  is  no  fallacy,  but  an  important 
truth.  But  it  was  further  assumed,  that  heat 
has  a  substantial  existence,  and  that,  conse- 
quently, Ho  =11],  under  all  circumstances,  even 
although  the  processes  (a,  b)  and  (b,  a)  should 
differ  in  their  intermediate  steps.  This  assump- 
tion leads  to  the  following  paradoxical  result, 
which  shows  it  to  bo  fallacious.  It  is  known 
that  tlie  process  (b,  a)  may  be  made  to  differ 
from  (a,  b)  in  its  intermediate  steps  in  such  a 
manner,  that  a  permanent  mechanical  effect  shall 
be  produced  by  the  combined  processes.  Now,  if 
under  such  circumstances,  Hq  is  assumed  to  be 
still  =  Hi,  it  follows,  that  by  employing  the 


mechanical  effect  of  tire  combined  processes  in 
developing  heat  bn  friction,  we  may  increase  the 
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amount  of  heat  in  the  universe,  or  create  caloric; 
— a  consequence  opposed  to  the  original  assump- 
tion of  the  substantiality  of  caloric,  and  proving 
that  assumption  to  be  self-contrachctory. — That 
fallacious  assumption  unfortunately  pervaded  the 
reasonings  of  Carnot,  in  his  liijlexions  sur  la 
Puissance  Motrice  du  Feu  (Paris,  1824) : — a  work 
which,  notwitlistandmg  this  fallacj',  contains  the 
first  discovery  of  an  important  law: — that  the 
ratio  of  the  greatest  possible  work  performed  by  a 
heat  engine,  to  the  whole  heat  expended,  is  a  func- 
tion of  the  two  limits  of  temperature  between  whidi 
the  engine  works,  and  not  of  the  nature  of  the 
substance  employed. — {Thomson's  Account  of  Car- 
noCs  Theory,  Edinb.  Trans.,  1849,  vol.  xvi.)— 
The  fallacy  referred  to  prevented  Carnot  from 
discovering  what  this  function  of  the  limits  of 
temperature  is  The  phenomenon  of  the  develop- 
ment of  heat  by  the  friction  of  a  fluid  possesses 
peculiar  advantages  as  a  means  of  ascertaining 
the  relations  between  heat  and  mechanical  power, 
owing  to  the  simplicity  of  the  action  which  takes 
place ;  for,  at  the  end  of  the  process,  the  fluid  is 
left  exactly  in  the  same  condition  as  it  was  at  the 
beginning;  so  that  the  evolution  of  a  certain 
amount  of  heat  is  the  sole  effect  produced ;  and 
this  bemg  compared  with  the  mechanical  power 
expended  in  agitating  the  fluid,  exhibits  in  the 
most  simple,  du-ect,  accurate,  and  satisfactory 
manner  possible,  the  relation  between  heat  and 

mechanical  power  The  idea  of  subjecting  this 

phenomenon  to  experimental  measurement,  ap- 
pears to  have  been  first  put  in  practice  independ- 
ently by  M.  Mayer  about  1842,  and  by  Mr. 
Joule  about  1843'  The  numerical  results  at  first 
obtained,  were,  as  was  to  be  expected  m  a  new 
kind  of  experiment,  somewhat  rough  and  in- 
exact; but  by  long  perseverance,  Mr.  Joule  in- 
creased the  exactitude  of  his  methods  of  experi- 
mentir.g,  until  he  succeeded  in  ascertaming  by 
experiments  on  the  friction  of  water,  oil,  mer- 
cury, air,  and  other  substances,  to  the  accuracy 
of  of  its  amount,  if  not  more  closely  still,  the 
Mechanical  Equivalent  of  an  Unit  of  Heat;  that 
is,  the  number  of  foot-pounds  of  mechanical  work 
which  must  be  expended,  in  order  to  raise  fie 
temperature  of  one  pound  of  water  by  one  degree. 
For  Fahrenheit's  degree,  this  quantity  is  772 
foot-pounds:  for  the  Centigi-ade  degree,  |  X  772 
=  1389-6  foot-pounds  (PhU-.  Tratis.,  1850).-- 
This,  the  most  important  numerical  constant  in 
molecular  physics,  has  been  styled  by  other 
writers  on  the  subject  "  Joule's  Equivalent, 
in  order  that  the  name  of  its  discoverer  may  bo 
perpetuated  by  connection  with  the  most  im- 
perishable of  memorials— a  Tbdth — l^Ir.  Soule 
at  the  same  time  proved  by  experiment  the  law 
which  had  previously  been  only  a  matter  of 
speculative  theory  with  others:  that  not  only 
heat  and  motive  power,  but  all  other  kinds  of 
physical  energy,  such  as  chemical  action,  elec- 
tricitv,  and  magnetism,  are  convertible  and  eqoi' 
valeiiti  that  is  to  say,  that  any  one  of  these  kinds 


energy  may,  by  its  expenditure,  be  made  the 
:ins  of  developing  any  other,  in  certain  definite 
.portions.— Meanwhile,  partly  through  a  theo- 
ical  anticipation  of  this  law,  and  partly  through 

■  iufluence  of  the  hypothesis  of  molecular  mo- 
>;s  as  applied  to  heat,  the  formation  of  a  sys- 

atic  theory  of  the  relations  between  heat  and 
.ve  power  advanced.  MM.  Helmholtz,  Holtz- 
iin,  and  Waterston,  may  be  refemd  to  as 
\  ing  aided  this  progi-ess — The  investigations 
the  Count  de  Pambour,  on  the  theory  of  the 
im  Engine,  although  not  invohang  the  dis- 
ry  of  any  new  piinciple  m  Thermo-dynamics, 
iperly  speaking,  were  conducive  to  the  progi-ess 
that  science  by  pointing  out  the  proper  mode 
applying  mechanical  principles  to  the  expan- 
e  action  of  an  elastic  fluid — We  shall  now 
lude  this  historic  sketch  of  the  Science  of 
rmo-dynamics,  by  referring  to  those  recent 
iiers  in  Scientific  Transactions  and  periodicals, 
^hich  its  laws  and  their  consequences  are  set 
th  by  different  authors  in  a  sj'stematic  and 
tailed  form,  and  investigated  by  processes  dif- 
ing  considerably  in  detail,  but  agreeing  in 
5iT  fundamental  principles  and  their  results. — 
LAOSIUS:  Po(jgendorff's  Annalen,  1850-1856, 
ssim.    Eankine  :  Edin.  Trans.,  1850-52  (vol. 
v.);  Phil.  Trans.,  1854,  1859;  Phil.  Mag., 
iol;  Edin.  Phil.  Jour.,  1849,  1855;   On  the 
•^am  Engine  and  other  Prime  Movers,  1859; 
iiomson:  Edin.  Trans.,  1851-53  (vol.  xx.); 
^•ilos.  Magazine,  1851-5,  passim — Numerical 
ita,  without  which  these  theoretical  researches 
rjuld  have  been  fruitless,  were  furnished  by  the 
:periments  of  Dulong,  and  of  MM.  Bravais, 
artins,  Moll,  Van  Beek,  and  others,  on  the 
locity  of  sound ;  by  those  of  M.  Eudberg,  on 
expansion  of  gases ;  by  the  experiments,  al- 
it  unparalleled  for  extent  and  precision,  of 
Regnault,  on  the  properties  of  gases  and 
ours,  made  at  the  expense  of  the  French 
-emment,  and  published  in  the  Proceedings 
'  Memoirs  of  the  Academy  of  Sciences,  from 
17  to  1864  ;  and  by  the  joint  experiments  of 
srs.  Joule  and  Thomson,  on  the  Thermic 
':ts  of  currents  of  elastic  fluids,  made  at  the 
<pense  of  the  Royal  Society,  and  published  in 
It  Philosophical  Transactions  for  1854. 
2.  First  Law  of  Thermo-dynamics. — 
'eat  and  Motive  Power  are  mutually  convert- 
;  and  heat  requires  for  Us  production,  and 
''luces  by  its  disappearance,  motive  po7oer  in 
proportion  of  7T 2  foot-pounds  for  each  Fah- 
■heit  Unit  of  Heat: — the  said  imit  being  the 
lunt  of  heat  required  to  raise  the  temperature 
"He  pound  of  liquid  water  by  one  degree  of 
'irenheit,  near  the  temperature  of  the  maxi- 
iJin  density  of  water.    This  law  may  be  con- 
tlercd  as  a  particular  case  of  the  application  of 
10  more  general  laws,  viz:— 1.  All  forms  of 
nergy  axe  convertible: — 2.  The  total  energj-  of 
'  ly  substance  or  system  cannot  be  altered  by  the 

■  utual  actions  of  its  parts, 
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3.  Dynamical  Specific  and  Latent  Ileal. — All 
quantities  of  heat,  such  as  the  specific  heat  of 
any  substance,  or  the  latent  heat  correspond- 
ing to  any  physical  effect,  may  be  expressed 
Dynamically,  that  is,  in  units  of  work,  by  multi- 
plying their  values  in  ordinary  units  of  heat  by 
Joule's  equivalent. 

4.  Total  Actual  Heat  Let  a  substance,  by 

the  expenditure  of  motive  power  in  friction,  be 
brought  from  a  condition  of  total  privation  of 
heat  to  any  particular  condition  as  to  heat. 
Then,  if  from  the  total  motive  power  so  expended, 
there  be  subtracted— First,  the  mechanical  work 
performed  by  the  action  of  the  substance  on 
external  bodies,  through  changes  of  its  volume 
and  figure,  during  such  heating,— Secondly,  the 
mechanical  work  due  to  mutual  actions  between 
the  particles  of  the  substance  itself  durmg  such 
heating, — the  remainder  will  represent  the  motive 
power  -(.'hich  is  employed  in  making  the  substance 
hot,  and  which  might  be  made  to  reappear  as 
ordinary  motive  power,  if  it  were  possible  to 
reduce  the  substance  to  a  state  of  total  privation 
of  heat.  This  remainder  is  the  quantity  called 
the  Total  Actual  Heat  of  the  substance:  being 
the  Total  Energy,  or  capacity  for  performing 
work,  which  the  substance  possesses  in  virtue  of 
being  hot.  It  is  not  directly  measurable;  but 
its  value  may  be  computed  from  known  quanti- 
ties, by  means  to  be  afterwards  explained.  When 
a  homogeneous  substance  is  uniformly  hot,  every 
particle  of  it  is  equally  hot ;  and  every  particle  is 
hot  in  virtue  of  a  condition  of  its  own,  and  in- 
dependently of  its  relation  to  other  particles. 
These  are  facts  known  by  experience ;  and  they 
lead  to  the  following  consequence :— that  when 
the  total  actual  heat  of  a  homogeneous  and  uni- 
formly hot  substance  is  considered  as  a  quantity 
made  up  of  any  nitmber  of  equal  parts,  all  those 
equal  parts  are  similarly  circumstanced;  and 
hence  follows — 

5.  The  Second  Law  of  Thermo-dtnamics. 
— If  the  total  actual  heat  of  a  homogeneous  and 
uniformly  hot  substance  be  conceived  to  be  divided 
into  any  number  of  equal  parts,  the  effects  of  those 
parts  in  causing  work  to  he  performed  will  be 
equal. — This  law  may  be  considered  as  a  particu- 
lar case  of  a  general  law  applicable  to  every  kind 
ot  Actual  Energy :  that  is,  capacity  for  perform- 
ing work  constituted  by  a  certain  condiliou  of 
each  particle  of  a  substance,  how  small  soever, 
independently  of  the  presence  of  other  particles 
(such  as  the'  vis-viva  of  motion).  The  mathe- 
matical expression  of  the  t^econd  Law  of  Thermo- 
dynamics is  as  follows :— Let  unity  of  weight  of 
a  homogeneous  substance,  possessing  the  actual 
heat  Q,  undergo  any  indefinitely  small  change, 
so  as  to  perform  the  indefinitely  small  amount  of 
work  d  w.  It  is  required  to  find  how  much  of 
tliis  work  is  pcrfoi'med  by  the  disapjienranco  of 
heat.  Conceive  q  to  bo  divided  into  an  indefinite 
number  of  indefinitely  small  equal  parts,  each  of 
which  is  5  Q.    Each  of  those  parts  will  cause  to 
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be  performed  the  quantity  of  work  represented  by 
J  Q  .  —  dw 

consequently  the  quantity  of  work  performed  by 
the  disappearance  of  heat  will  be 


•(!•) 


Q  .  _  d\v  

which  quantity  is  known  when  q,  and  the  law  of 
variation  of  cZw  with  q,  are  known. 

6.  Absolute  Temperature:  Specific  Heat,  Real 
and  Apparent. — Temperature  is  a  function  de- 
pending on  the  tendency  of  bodies  to  communi- 
cate tlie  condition  of  heat  to  each  other  Two 
bodies  are  at  equal  temperatures,  when  the  ten- 
dencies of  each  to  nialcc  the  other  hotter  are  equal. 
All  substances  absolutely  devoid  of  heat  are  at 
tlie  same  temperature.  Let  this  be  called  the 
Absolute  Zero  cf  Heat;  and  let  the  scale  of  tem- 
perature be  so  graduated  that  for  a  given  homo- 
geneous substance,  each  degree  shall  correspond 
to  an  equal  increment  of  actual  heat.  This  mode 
of  graduation  necessarily  leads  to  the  same  scale 
of  temperature  for  all  substances.  For  if  two 
substances  a  and  b  be  at  equal  temperatures 
when  they  possess  respectively  two  certain  quan- 
tities of  actual  heat  qa  and  q^,  tlien  if  each  of 
those  quantities  of  actual  heat  be  divided  into 
the  same  number  of  equal  parts  «,  the  tendency 
of  the  substance  A  to  communicate  heat  to  b, 
arising  from  any  one  of  the  mth  parts  of  Qa, 
must,  from  the  property  of  actual  heat  already 
mentioned,  be  equal  to  the  tendency  of  b  to  com- 
municate heat  to  A,  arising  from  any  one  of  the 
nth  parts  of  Qb  ;  from  which  it  is  easily  seen,  that 
so  long  as  the  quantities  of  actual  heat  possessed 
by  the  two  substances  are  in  the  ratio  :  Qb, 
their  temperatures  will  be  equal,  independently 
of  the  absolute  amounts  of  those  quantities.  Tlie 
amount  of  actual  heat,  expressed  in  units  of 
work,  which  corresponds,  in  a  given  substance, 
to  one  der/ree  of  absolute  temperature,  is  the  Eeil 
Dynamical  Sjiccific  Heat  of  that  substance,  and 
is  a  constant  quantit)'  for  all  temperatures.  The 
total  quantity  of  mechanical  work  required  to 
raise  the  temperature  of  unity  of  weight  of  a 
substance  by  one  degree,  generally  includes,  be- 
sides the  rcal  sjiecilic  Iieat,  work  employed  in 
overcoming  molecular  forces  and  external  pres- 
sures. Hhis  is  tha  A p2)arent  Dynamical  Specific 
Heat;  and  may  be  constant  or  variable — Joule's 
Equivalent  is  the  Apparent  Dynamical  Specific 
Heat  of  liquid  water  at  and  near  its  maxinnini 
density ;  and  it  is  probably  sensibly  equal  to  the 
real  specific  heat  of  that  substance.  The  real 
specific  heat  of  eacli  substance  is  constant  at  all 
densities,  so  long  as  the  substance  retains  the 
.same  condition,  solid,  liquid,  or  gjiseous ;  but  a 
change  of  real  specific  heat,  sometimes  consider- 
able, often  acconqianies  the  change  between  any 
t.vo  of  those  conditions.    From  tiic  mutual  pro- 
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portionality  of  Actual  Heat  and  Absolute  Tem- 
perature, there  follows — 

7.  The  Second  Law  of  Thermo-dVna:.u( 

expressed  with  reference  to  Absolute  Tempei; 
ATURE. — If  (lie  Absolute  Temperature  of  any  uni- 
formly hot  substance  be  divided  into  any  mmbtr 
of  equal  parts,  the  effects  of  those  parts  in  causii, 
work  to  be  performed  will  be  equal. — This  law  i- 
expressed  algebraically  as  follows: — from  tl, 
relation  between  absolute  temperature  (<),  an , 
actual  heat  (q),  it  follows  that 

,  d  d 
i  —  =  Q  — 
dt  dQ 

consequently  the  expression  1,  for  the  work  per- 
formed by  the  disappearance  of  heat,  is  trans- 
formed into 

t.  -  dw  (2.) 

dt 

This  expression  is  applicable,  not  merely  to 
homogeneous  substances,  but  to  heterogeneons 
aggregates. — When  the  expressions  1  and  2  are 
negative  they  represent  heat  which  appears  in 
consequence  of  the  expenditure  of  mechanical 
work  in  altering  the  condition  of  a  substance. — 
The  first  and  second  laws  virtually  comprise  the 
whole  theory  of  Thermo-dynamics. 

8.  Of  Heat- Potentials  and  Thermo-dynamk 
Functions. — The  second  law  of  Thermo-dynamics 
may  also  be  expressed  in  the  following  fonn : — 
The  loorlc  performed  by  the  disappearance  of  hml 
during  any  indefinitely  small  variation  in  the  state 
of  a  substance,  is  expressed  by  tite  product  of  the 
absolute  temperature  by  the  variation  of  a  certain 
function,  which  function  is  the  rate  of  variation 
of  the  effective  work  pe^foimed  with  temperature. 
That  is  to  say,  make 


d  w 


f; 


then  the  work  performed  by  the  disappearance  of 
heat  is 

/  d  F  (3.) 

This  function  f  has  been  called  the  Heat-  Poten- 
tial of  the  given  substance  for  the  kind  of  work 

under  consideration  Now  let  the  substance 

both  perform  work  and  undergo  a  variation  ol 
absolute  temperature  d  t,  and  let  k  denote  its  real 
dynamical  sjiecific  heat.  Tlie  whole  heat  which 
it  must  receive  from  an  external  source  of  heat, 
to  produce  these  two  eflects  simultaneously,  is 

...(4: 


dn  =  Kdt-\-tdF  —  tdtp;. 


in  which 


=  K  .  log.o  t 


d  w 


,.(6.; 


<p  is  called  the  Thermo-dynamic  Funct.on  of  tin 
substance  for  the  Icind  of  work  in  question ;  W 
in  some  papers  the  Heat-Factor. — The  equatio 
(■1)  is  the  general  equation  of  Thcrmo-uync^'' 
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iiich  we  shall  proceed,  in  the  sequel,  to  apply, 
determining  the  Thermo-dynamic  Function  for 
h  particular  case  — In  determining  this  func- 
11,  it  is  to  be  observed,  that  the  function  w, 
resenting  the  work  performed  by  the  kind  of 
ange  under  contemplation,  is  first  to  be  inves- 
_ated  as  if  tlie  temperature  were  constant,  and 
lion  the  law  of  its  variation  with  absolute  tem- 
vature  found. 

9.  Perfect  Gas,  and  other  Thermometers  

cordmg  to  the  customary  mode  of  measuring 
iiperatures,  standard  temperatures  are  fixed 
phenomena  which  occur  at  them,  such  as  the 
Iting  of  ice,  and  the  boilhig  of  water  under 
•mean  atmospheric  pressure;  and  the  stand- 
l  scale  of  temperatures  is  graduated  according 
the  product  of  the  pressure  and  volume  of  a 
iven  mass  of  a  perfect  gas.    A  perfect  gas  is  a 
ubstance  in  such  a  condition,  that  the  total 
ressure  exerted  by  any  number  of  portions  of  it, 
t  a  given  temperature,  against  the  sides  of  a 
-sel  in  which  they  are  enclosed,  is  the  sum  of 
'  pressures  which  each  such  portion  would 
i  t  if  enclosed  in  the  vessel  separately  at  the 
.;ne  temperature;  in  other  words,  a  substance 
1  which  the  elasticity  of  each  appreciable  par- 
iile,  how  small  soever,  is  a  property  independent 
t  the  presence  of  other  particles.  Absolutely 
feet  gases  are  not  found  in  nature  ;  but  air  is 
Tioiently  near  to  the  condition  of  a  perfect  gas 
thermometric  purposes.— The  ordinary  zero 
thermometric  scales  is  the  temperature  of 
Iting  ice  (as  in  the  Centigrade  and  Eeauraur's 
lies),  or  a  point  at  an  arbitrary  number  of 
■rees  below  that  temperature,  (for  example, 
1  ^ '  ui  Fahrenheit's  scale) — The  absolute  zero  of 
foseous  tension  is  the  temperature  at  which  a 
™2rfect  gas  would  exert  no  pressiu-e,  if  it  were 
fswssible  to  obtain  a  perfect  gas  at  a  temperature 
olow.    This  point,  according  to  the  most  re- 
lent determination,  is  274°  Centigi-ade,  or  493°-2 
Fahrenheit,  below  the  temperature  of  melting 
>ce;  that  is,  461°-2  below  the  ordinary  zero  of 
-I'ahrenheit's  scale. — Temperatures,  as  measured 
■rom  the  zero  of  gaseous  tension,  are  expressed 
iS  follows:— Let  <(,  be  the  temperature  of  melting 
.ce,  as  so  measured;  t,  any  other  temperature, 
■4lso  measured  from  the  same  point ;  Vq  Vo,  the 
j)roduct  of  the  pressure  and  volume  of  a  given 
ioass  of  a  sensibly  perfect  gaa  at  the  temperature 
It  melting  ice ;  p  v,  the  corresponduig  product 
lit  the  temperature  C,  then 

t  p  V 

-    =   (6.) 

for  one  pound  of  air  v„=2G214  foot-pounds 
iearly.-_It  was  anticipated  some  years  since,  bv 
i«rtam  theoretical  and  hypothetical  invesliga- 
•nons,  that  tlie  scale,  of  the  perfect  gas  thermo- 
►meter  would  he  found  to  agree  with  the  absolute 
xnermometric  scale,  as  to  the  length  of  its  Aa- 
;  and  also  that  the  zeros  of  those  scales 
^ould  bo  found  to  be  near  eacli  otlier,  if  not 
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coincident.  Thronghout  many  of  the  papers 
referred  to,  the  formuke  were  so  framed  as  to 
contain  unknown  terms,  suited  to  provide  for 
the  possibility  of  a  sensible  difference  between 
those  zeros.  But  as,  according  to  the  latest  and 
best  experiments,  no  such  appreciable  difference 
has  been  found,  the  zero  and  scale  of  the  perfect 
gas  thermometer  may  be  treated  as  sensibly,  if 
not  exactly,  coincident  with  the  absolute  zero 
and  absolute  thermometric  scale. — For  tempera- 
tures not  exceeding  800°  Centigrade  =  672° 
Fahrenheit,  the  apparent  dilatation  of  mercury 
in  glass  is  so  nearly  uniform  as  to  be  sufiicient 
for  the  practical  measurement  of  temperature. 
(See  Regnault,  Mem.  of  the  Acad,  of  Sciences, 
1847.) 

10.  Dilatation  of  Gases  The  coefiicient  ot 

dilatation  of  a  perfect  gas,  being  the  increase  of 
volume  under  constant  pressure,  for  one  degree 
of  rise  of  temperature,  of  so  much  of  the  gas  as 
fills  unity  of  space  at  the  temperature  of  melting 
ice,  is  the  reciprocal  of  the  absolute  temperature 
of  melting  ice,  or 

\  _ 


493-2 


=  0-0020276  per  degree  of  Fahrenheit. 


This  is  a  theoretical  limit  to  which  the  coeflicients 
of  dilataiion  of  gases  approximate  as  their  den- 
sities diminish  and  temperatures  increase.  Their 
actual  coefficients  of  dilatation  exceed  this  limit 
by  small  quantities  depending  on  the  nature, 
density,  and  temperature  of  the  gas. 

11.  Expansive  Action  of  Heat  in  Fluids. — 
Let  V  denote  the  volume  in  cubic  feet  occupied 
by  a  given  mass  of  any  fluid,  whether  liquid  or 
gaseous,  enclosed  in  a  vessel  of  variable  capacity, 
(such  as  a  cj'linder  with  a  piston) ;  p,  the  pres- 
sure, or  effort  to  expand,  which  the  fluid  exerts 
against  the  interior  of  the  vessel,  in  pounds  per 
square  foot ;  then  will  -pdy  denote  the  effective 
or  external  work  in  foot-pounds,  performed  by 
the  fluid  during  an  indefinitely  small  expansioli 

d  V,  and  J'  p    v  the  effective  work  performed 

during  any  finite  expansion,  the  relation  between 
p  and  V  being  fixed  by  the  circumstances  of  the 
case. — To  find  the  Heat-Potential  and  the  Ther- 
mo-dynamic Function  for  the  expansion  of  a  fluid, 
the  pressure  p  is  to  be  expressed  in  the  tbrm  of  a 
function  of  the  volume  v  and  absolute  tempera- 
ture t,  and  the  general  value  of  the  integral 


w 


=  fvdy 


d 


found,  on  tiie supposition  that  t  is  constant;  then 
will 

ITt       J  '~dT 

be  the  Heat-Potential,  and  the  Thermo-dynamic 
Function  will  bo 

?  =  K:.log.ei+  fji^  dY   (7.) 
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Applying  this  function  to  the  determination,  in 
foot-pounds,  of  the  whole  quantity  of  heat  d  ri, 
v'hich  must  be  communicated  to  unity  of  weight 
of  the  fluid  in  order  to  produce  simultaneously 
the  indefinitely  small  variation  of  temperature  d  t 
and  the  indefinitely  small  variation  of  volume 
d  V,  we  find, 

'  d  <p 


=(■'+'/: 


dt       ^  dv 


dv 


) 


(1^  p 


dv 


■^\•hich  is  the  general  equation  of  the  expansive 
action  of  heat  in  a  fluid. — If  this  expression 
be  analyzed,  it  is  found  to  consist  of  the  fol- 
lowing parts: — I.  The  variation  of  the  actual 
heat  of  unity  of  weight  of  the  fluid  k  d  t. 
— II.  The  heat  which  disappeai's  in  producmg 
work  by  mutual  molecular  actions  depending  on 
change  of  temperature  and  not  on  change  of 


volume  t 


oc 


d^ 


dx  .dt.    The  lower  limit 


df^  .  dD   (8  A.) 


of  this  integral  is  made  to  correspond  to  the 
state  of  indefinite  rarefaction,  that  is,  of  perfect 
gas,  in  which  these  actions  are  null.    Let  d  = 

—  be  the  density,  or  weight  of  unity  of  volume 

of  the  fluid  ;  then  we  have,  as  a  more  convenient 
form  of  the  integral 

«  0 

III.  The  Latent  Heat  of  Expansion,  heat  which 
disappears  in  performing  work,  partly  by  the 
forcible  enlargement  of  the  vessel  containing  the 
fluid,  partly  by  mutual  molecular  actions  de- 
pending on  expansion,  t         d  v. 

The  heat,  expressed  in  units  of  work,  which  must 
be  communicated  to  unity  of  weight  of  a  fluid  to 
produce  any  given  finite  changes  of  temperature 
and  volume,  is  found  by  integrating  the  expres- 
sion 8.  Now  that  expression  is  not  the  exact 
dififerential  of  any  function  of  the  temjjcrature 
and  volume ;  consequently  its  integral  does  not 
depend  solely  on  the  initial  and  final  condition 
of  the  fluid  as  to  temperature  and  volume,  but 
also  upon  the  mode  of  intermediate  variation  of 
those  quantities. 

Note.— The  nature  of  the  functions  mentioned 
in  this  section  is  much  elucidated  by  representing 
them  geometrically.  Let  o  x,  o  y,  be  a  pair  of 
rectangular  axes.  Let  abscissrc,  measured  from 
<)  Y  parallel  to  o  x,  such  as  oo.  oc,  od,  o  i, 
represent  volumes  assumed  at  diflTercnt  instants 
by  a  fluid  mass,  and  ordinates,  measured  from 
ox  parallel  to  oy,  such  a  a,  cc,dD,bn,  the 
coiTCspouding  pressures.    Then  the  co-ordinates 
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of  a  number  of  points,  a,  c,  d,  b,  will  indicate 
a  number  of  pressures  and  volumes  assumed  at 
difterent  instants,  and  a  cui-ve,  such  as  a  c  d  b, 
will  indicate  by  its  co-ordinates  the  gradual 
changes  of  pressure  and 
volume  of  the  fluid  mass 
during  some  given  process. 
Let  the  process  under  con- 
sideration be  expansion  a- 
gainst  a  piston  at  a  given 
absolute  temperature  t,  from 
the  volume  o  a  =     ,  to 
the  volume  o  6  =  Vb  .  The 
absolute  temperature  t  be- 
ing given,  fixes  the  pres- 
sure p  corresponding  t 
any  given  volume  v,  and 
consequently  determines  the  form  of  the  curve 
A  B.    Let  c  d  =  A  V  represent  the  increase  of 
volume  dming  a  given  small  portion  of  the  ex- 
pansion ;  and  let  the  pressure  at  the  beginning 
of  this  portion  of  the  expansion  be  c  c  =  p.  The 
work  performed  by  the  action  of  the  fluid  against 
the  piston  during  this  small  increase  of  volume 
will  be  approximately  equal  to  the  rectangle 
ccXcd=P'AV,  and  the  smaller  c  d,  the  closet 
wiU  be  the  approximation ;  and  if  the  whole 
expansion  be  subdi\nded  into  a  number  of  small 
parts  such  as  cd,  the  whole  work  performed  by 
the  action  of  the  fluid  against  the  piston  will  be 
approximalely  equal  to  the  sum  of  all  the  rect- 
angles such  as  p-AV,  a  sum  denoted  by  the 
symbol 


Fig.  i  A. 


I-(p..v) 


The  smaller  and  the  more  numerous  the  parts 
such  as  c  d  into  which  the  expansion  is  divided, 
the  more  nearly  does  vhe  smn  of  the  rectangles 
expressed  above  approach  to  the  exact  value  of 
the  work  performed,  which  is  the  area  a  a  b  6  a, 
denoted  by  the  sj-mbol ; 


w 


V  dx 


.(b.) 


a  symbol  expressing  the  fact,  that  this  area  is 
the  limit  to  which  the  sum  of  rectangles  (a)  ap- 
proximates the  more  closely,  the  more  numerous 
and  the  narrower  the  rectangles  of  which  that 
sum  is  composed.— Now  let  the  same  expansion 
be  undergone  by  the  fluid  mass  at  an  absolute 
temperature 

<—  A/ 

where  A  i  is  a  small  difllsrence  of  temperature ; 
and  let  the  co-ordinates  of  the  cur^'e  e  h  express 
the  relation  between  the  pressures  and  volumes 
successively  assumed  under  these  circtmistances. 
The  area  annha  will  represent  the  work  per- 
formed during  the  expansion  from  v^  to  Vb  a*, 
this  new  temperature  ;  and  the  area  a  b  h  b  — 
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I, -ah  a  aEnb  a=  AW  will  be  the  varialion 

the  work  perfoinied,  arising  from  the  variation 

■  temperature  A  i.  Now  the  more  the  variation 
temperature  A  t  is  diminished,  the  more  nearly 

ill  the  ratio 

A  w 

A  ( 

proximate  to  a  certain  limiting  ratio  denoted  by 
d  vr 

lich  is  the  rate  of  variation  with  temperature 
the  work 


=    I       F  dy 

J 


rformed  by  the  fluid  against  a  piston  in  ex- 
nding  from  the  volume  v^.  to  the  volume  Vb  at 
e  absolute  temperatui-e  t.  This  rate  of  varia- 
)n  is  also  the  difference  (fo  —  ?a  between  the 
ilues  of  the  Thermo-dynamic  Function  for  the 
0  states  of  the  fluid  denoted  by  the  points  a 
id  B  on  the  diagram. 

12.  Intrinsic  Energy  of  a  Fluid.  —  Another 
ode  of  analyzing  the  expression  (8)  is  as  fol- 

I.  The  variation  of  actual  heat,  as  before,  Kdt. 

II.  The  external  work  performed,  pdv. 

III.  The  internal  work  performed,  in  overcom- 


molecular  forces,  viz :- 


d\. 


ow  this  last  quantity  is  the  exact  differential 
'  a  function  of  the  temperature  and  volume, 
iz: — 


\dv 


given  value  of  u  expresses  the  work  required 
'  overcome  molecular  forces,  in  expanding  unity 
weight  of  a  fluid  from  a  given  state,  to  that 
perfect  gas;  and  the  excess  of  the  actual 
at  of  the  fluid  above  thia  quantity,  or 

K  <  —  u, 

the  Intrinsic  Energy  of  the  fluid,  or  the  work 
"ich  it  is  capable  of  giving  out,  in  changing 
3m  a  given  state  as  to  temperature  and  volume, 

a  state  of  total  privation  of  heat  and  indefinite 
^pansion.  Let  the  suffixes  a,  n,  denote  the 
ates  of  the  fluid  at  the  beginning  and  end 

any  given  series  of  changes  of  temperature 
Id  volume,  and  h^.d,  the  supply  of  heat  from 
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an  external  source  necessary  to  produce  those 
changes;  then 


Ha,  B  —  /  vdv=(vit — u)b  — (jat — u)a  (10.) 

Va 


that  is  to  say : — the  excess  of  the  heat  absorbed 
above  the  external  work  performed  is  equal  to 
the  increase  of  the  intrinsic  energy;  so  that  this 
excess  depends  on  the  initial  and  final  states 
only. 

13.  Expression  of  the  Thermo-dynamic  Func- 
tion in  terms  of  the  Temperature  and  Pressure. 
The  volume  of  unity  of  weight  of  a  fliiid  v, 
its  expansive  pressure  p,  and  its  absolute  tem- 
perature t,  fonn  a  system  of  three  quantities, 
of  which,  when  any  two  are  given,  the  third 
is  determined.  In  the  preceding  sections,  the 
volume  and  temperature  are  taken  as  independent 
variables.  In  some  investigations  it  is  convenient 
to  take  the  pressure  and  temperature  as  indepen- 
dent variables,  the  volume  being  expressed  as 
their  function.  The  following  expression  of  the 
Thermo-dynamic  function  in  terms  of  this  pair 
of  independent  variables  is  taken  from  an  un- 
published cpri'tinuation,  now  in  the  hands  of  the 
Royal  Society  of  Edinburgh,  of  one  of  the  series 
of  papers  already  referred  to.  Let  fo,  as  before, 
be  the  absolute  teraperatm'e  of  melting  ice; 
Pfl  Vq  the  product  of  the  pressure  and  volume 
of  unity  of  weight  of  the  fluid,  in  the  perfectly 
gaseous  state,  at  that  temperature ;  then 

By  the  aid  of  the  above  equation,  and  of  the 
following  well  known  theorem. 


TdV=l  vJp-|-PdVd— Pa  Va(12.) 
VjL  *^  P- 


.Pa 

Pb 


all  the  equations  of  the  preceding  sections  are 
easily  transformed. 

14.  Principal  Applications  of  the  Laws  of  the 
Expansive  Action  of  Heat. — The  relation  between 
the  temperature,  pressure,  and  density  of  any 
particular  substance  being  known  by  experiment, 
the  principles  of  the  preceding  sections  serve 
to  compute  the  quantity  of  heat  which  will  be 
absorbed  or  emitted  under  given  circumstances ; 
and  conversely,  in  some  cases  when  the  quantities 
of  heat  absorbed  or  emitted  under  given  circum- 
stances are  known  by  experiment,  the  same 
principles  serve  to  determine  relations  between 
the  temperature,  pressure,  and  density  of  the 
substance.  The  chief  subjects  to  which  the 
principles  of  the  expansive  action  of  heat  are 
applicable,  are  the  following: — Real  and  Ap- 
parent Specific  Heat : — The  Heating  and  Cooling 
of  Gases  and  Vapours  by  Compression  and 
Expansion :— /The  Velocity  of  Sound  in  Gases:— 
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The  Free  Expansion  of  Gases :  —The  Latent  and 
Total  Heat  of  Evaporation  of  Fluids: — The 
Efficiency  of  Thermo-dynamic  Engines: — The 
Latent  Heat  of  Fusion.  Most  of  these  subjects 
have  reference  to  substances  wholly  or  partially 
in  the  gaseous  condition ;  for  it  is  in  that  con- 
liition  only  tliat  we  have  power  to  regulate  arti- 
licially  the  mode  of  expansion  and  contraction 
of  substances  to  an  extent  appreciable  in  practice. 

15.  Real  and  Apparent  Specific  Heat. — These 
terms  have  been  explained  in  a  previous  section. 
The  symbolical  expression  for  the  apparent  spe- 
cific heat  of  a  given  substance,  stated  in  units  of 
work  per  degree  of  temperatm-e  in  unity  of 
weight,  is  as  ibilows : — 

K'  =  =  t  =  Vi-\-t 


dt 


d  t 


d  t 


.(13.) 


In  which  the  term  k  is  the  real  specific  heat, 
or  that  which  actually  makes  the  substance 
hotter,  being  a  constant  quantity;  while  the 
other  term  represents  the  heat  which  disappears 
in  perfomiing  work,  internal  and  external,  for 
each  degree  of  rise  of  temperature.    The  co- 


efficients 


d .  (p 

d  t 


and 


d .  F 
d  t 


represent  respec- 


tively the  rates  of  variation  with  temperature 
of  the  Thermo-dj'namic  function  and  heat-po- 
tential, under  the  circumstances  of  the  particular 
case.  With  respect  to  liquids  and  solids,  it  is 
impossible  to  regulate  artificially  the  mode  of 
variation  of  tlie  Thermo-dynamic  function  to  an 
extent  appreciable  in  practice.  For  substances 
in  these  states,  the  apparent  specific  heat  in- 
creases with  rise  of  temperature  at  a  rate  which 
is  slow,  but  which  appears,  as  theory  would  lead 
us  to  expect,  to  be  connected  with  the  rate  of 
expansion.  For  Gases,  the  mode  of  variation  of 
the  Thermo-dynamic  function  with  temperature 
may  be  regulated  artificially  in  an  arbitrary 
manner,  so  as  to  vary  the  apparent  specific  heat  in 
an  indefinite  number  of  ways.  It  is  customary, 
however,  to  restrict  the  term  "Specific  heat" 
in  spealdng  of  gases,  to  two  particular  cases; 
that  in  which  the  volume  is  maintained  constant 
daring  tlie  variation  of  temperature,  and  that  in 
which  the  pressure  is  maintained  constant.  The 
s[)eciGc  heat  at  constant  volume,  is  thus  expressed 
in  units  of  work  per  degree,  being  dechiced  from 
the  expression  7,  for  the  Thermo-dynamic 
function. 

cc 

I'or  a  theoretically  perfect  gas,  Ky  =  k...(14  a.) 
The  specific  heat  under  constant  pi-essure,  deduced 
from  the  expression  11  for  the  tliermo-dynamic 
function,  ia  as  follows : — 


.(15.) 
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For  a  theoretically  perfect  gas, 


.(15  A.) 


being  simplj'  the  real  specific  beat,  increased  Ijy 
the  work  performed  by  unity  of  weight  of  the 
gas  in  undergoing,  at  any  constant  prassure,  the 
expansion  corresponding  to  one  degree  of  rise  of 
temperature;  a  quantity  of  worlv  which  is  constant 
for  a  given  perfect  gas  under  all  circumstances. — 

p         t/^  V 
The  quantities  —^-^  ^"<i  dt"^  '  ^  representing 

the  deviation  of  the  laws  of  the  elasticity  of 
actual  gases  from  those  of  the  ideal  condition 
of  perfect  gas,  are  so  small,  that  their  efl'ects  on 
apparent  specific  heat,  though  calculable,  fall 
within  tlie  probable  limits  of  errors  of  observa- 
tion in  the  direct  experiments  hitherto  made 
on  the  specific  heat  of  the  more  common  gases, 
luich  as  air  and  carbonic  acid.  Referring,  there- 
fore, to  the  detailed  papers  already  cited,  for 
computations  of  the  effects  of  such  deviations, 
it  will  be  sufficient  for  practical  purposes  to  con- 
sider the  specific  heats  of  gases  as  represented  by 
the  formulas  14a  and  15a.  The  specific  heats 
of  gases,  as  expressed  in  the  customary  way, 
by  their  ratios  to  that  of  water,  are  found  by 
dividing  the  quantities  in  these  formula  by 
Joule's  equivalent  (j),  and  may  be  thus  ex- 
pressed:— 

C  =  —  (IG.) 


c=  ^ 
J 

Before  the  period  of  M.  Regnault's  experiments 
on  a  great  variety  of  gases  and  vapours,  pub- 
lished in  the  Comptes  Rendus  for  1853,  no  trust- 
worthy direct  experimental  determination  of  the 
specific  heat  of  any  gas  or  vapour  existed, 
except  an  approximate  determination  by  Mr. 
Joule,  made  in  1852,  of  the  specific  heat  of  air. 
In  one  of  the  papers  referred  to  in  the  preceding 
sections,  however,  (Edinburgh  Transactions, 
1850)  the  dynamical  specific  heats  of  air  had 
been  computed  from  the  following  data : — 

Pq  Vq,  from  Regnault's  experiments,  2G214 
foot-pounds,    to  =  493°*2  Fahrenheit 

. •.  Kp  —  Kv  =  ^  --  — ■  53-15  foot-pounds  per 
degree  of  Fahrenheit. 

y  =      ,  as  deduced  from  the  vclocitv  of  sound 

Ky 

in  air,  assumed  in  the  paper  rcfcn-ed  to  as  nn- 
proxiniately  =  1'4  ;  but  a  more  exact  value  is 
1'408.  Consequently, 

_  roVo         1      _  5315 

IV  V  — 


=  130  3 


^0        r  —  1  0-408 
foot-pounds  per  degree  of  Fahrenheit. 

K.=:i:«^  .        =  53-15  x  -':^'^-= 

^0        y  —  1  0  408 

183-45  foot-ponnds  per  degree  of  Faha'iilieit 
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ITence  is  deduced  the  following  ratio  of  the  spe- 
lio  heat  of  air  under  constant  pressure  to  that 
'-'  water, 


J 


183-45 
772 


=  0-2377. 


c'  according  to  M.  Reg- 
uilt's  experiments  pub.  1853,  0-2379 
Difference,  "OM3002 

M.  Joule's  approximate  determination  in  1832 
.vas  0-23.    According  to  the  dynamical  theory 
f  heat,  the  apparent  specific  heat  of  a  gas  under 
ustant  pressure  is  sensibly  the  same  at  allpres- 
res  and  temperatures,  if  the  gas  is  nearly  per- 
■t— According  to  the  hypothesis  of  substantial 
■hric,  that  specific  heat  diminishes  as  the pres- 
re  increases,  according  to  a  law  which  is  stated 
I  most  treatises  on  physics,  even  of  the  most 
:ent  dates  (in  some,  indeed,  as  confidently  as 
i  it  were  an  observed  fact.) — The  experiments 
!'  M.  Eegnault,  by  which  the  specific  heat  of  air 
ider  constant  pressure  was  determined  at  various 
aiperatures  from— 22°  Fahr.  up  to  437°  Fahr., 
id  at  various  pressures  of  from  one  to  ten  at- 
ospheres,  and  found  to  be  sensibly  the  same 
ider  all  these  circumstances,  constitute  "  expe- 
iiienta  crucis"  conclusive  against  that  "idolon 
•i,"  the  hypothesis  of  caloric.    Those  experi- 
-nts  also  aflbrd  evidence  of  the  fact,  that  the 
ale  of  the  air  thermometer  sensibly  agrees  with 
Uat  of  absolute  temperatures. 

16.  Heating  andCooling  of  Gases  and  Vapours 
')'/  Compression  and  Expansion.  —  If  a  substance 
■vholly  or  partially  in  the  state  of  gas  or  vapour 
je  enclosed  in  a  vessel  which  does  not  conduct 
my  appreciable  amount  of  heat  to  or  from  the 
substance,  then  the  compression  and  expansion  of 
lie  substance  through  variations  of  the  volume 
>f  the  vessel  will  produce  respectively  heating 
md  cooling,  according  to  a  law  expressed  by  the 
ondition,  that  the  Thermo-dijnamic  function  is 
■onsion^—The  following  equation  contains  two 
'"des  of  expressing  this  condition,  deduced  from 
lie  expressions  7  and  11  respectively  ;— 

t~  , 

"       •■/    -(Zi-'^  ^  =  constant-  (10  a  ) 


a  perfect  gas,  wc  have 

,  andAL=i'oVo 


dt   


hence. 


■  Pi,  vi  correspond  to  one  given  absolute  tcm- 
-'ture  <i,  and  r,,  V2,  to  another  given  abso- 

temporaturc  I2 ;  then  for 
'  sensibly  perlbct, 


'  a  pci-fect  gas,  or  a 


log.2=(|y- 

h 


nEA 
.i)iog.Yi=rrri 


V'2 
1 


.log.!^] 


(17.) 


J 


From  equation  16  is  easily  deduced  the  law  of 
the  variation  of  the  pressure  with  the  volume  of 
any  fluid  enclosed  in  a  nonconducting  vessel, 
viz.  :  —  ihe  rate  of  variation  of  the  pressure  u-ifU 
the  volume,  when  the  fluid  is  enclosed  in  a  non- 
conducting vessel^  exceeds  the  rate  of  variation 
when  the  temperature  is  constant,  in  the  ratio  of 
the  apparent  specific  heat  of  the  fluid  at  constant 
pressure  to  its  apparent  specific  heat  at  constant 
volume: — a  law  expressed  symbolically  as  fol- 
lows : — 


A- 

d. 


=  —  r 


d  t 
dt 


.(13.) 


For  a  perfect  gas  this  becomes, 

-^JL^^  =  —  5/ .  —  ,  as  equation  17  also  shows. 
d  .V  '  w 

The  cooling  of  air  by  expansion  has  been  applied 
by  Dr.  Gorrie  to  the  manufacture  of  ice,  and  by 
Professor  Piazzi  Smyth  and  Mr.  Eankine  to  ven- 
tilation. 

17.  Velori/ij  of  Sound  in  Gases. — The  velocity 
of  sound  in  any  fluid  is -well  known  to  be  equal  to 
that  acquired  by  a  heavy  body  in  falling  through 
one-half  of  the  height  which  represents  the  varia- 
tion of  the  pressure  of  the  fluid  with  its  density' 
during  a  sudden  change  of  density.  That  is  to 
say,  let  v  be  the  velocity  of  sound  in  feet  per 
second,  g  the  accelerating  force  of  gravity  in  a 
second  =  32-2  feet  per  second,  d  the  weight  of 

one  cubic  foot  of  the  fluid  in  pounds  =  —  ,  and 

V 

p  its  elastic  pi-essure  in  pounds  per  square  foot ; 
then 


d  u 


During  the  transmission  of  a  wave  of  sound,  (he 
compression  and  expansion  of  the  particles  of  a 
fluid  take  place  so  rapidlj--,  that  there  is  not  time 
for  any  appreciable  transmission  of  heat  between 
different  particles,*  and  the  variations  of  the 
pressure  and  density  are  related  to  each  other  as 
they  would  be  in  a  nonconducting  vessel;  conxe- 
quently,  if  h  represent  the  rate  of  variation  or 
pressure  with  density  at  a  constant  temporatii;-", 
then  it  follows  from  the  principle  of  equation  IH, 

that  '^1  = 


dvt 


y  h  ,  and 

V  =  '\/  g  <y  h 


yn   (19.) 

This  equation  was  long  since  proved  by  Lapl;icc, 
«  Trovml  by  ProC  G.  G.  StoUes. 


41U 


HEA 

and  Poisson  for  perfect  gases,  for  which 

■     h  =  l'V=^±IlL   


,(19  A.) 


but  it  is  true,  as  we  have  seen,  for  all  fluids 
whatsoever. — Applying  the  formula  to  air,  con- 
sidered as  a  sensibly  perfect  gas,  with  the  follow- 
ing data:  — 

y—  1-408;  PoVo=  26214;  t=to; 

The  following  is  found  to  be  the  velo-  Feet 
city  of  sound  in  pure  dry  air  at  the per  second. 

temperature  of  melting  ice   1090'2 

The  velocity  by  experiment  is : — 
According  to  MM.   Bravais  and 

Martins    1090-5 

According  to  MM.  Moll  and  Van 

Beek    1090-1 

Experiments  on  the  velocity  of  sound  sei-ve  to 
determine  tlie  ratio  y  of  the  specific  heats  of  a 
gas  at  constant  pressure  and  at  constant  volume. 
For  Oxygen,  Hydrogen,  and  Carbonic  Oxide,  it 
is  sensibly  the  same  as  for  air;  for  Carbonic  Acid, 
considerably  less.     (Edinburgh  Transactions, 

vol.  XX.) 

18.  Free  Expansion  of  Gases  and  Vapours  

"When  the  expansion  of  a  gas  takes  effect,  not  by 
enlarging  the  vessel  in  which  it  is  contained,  and 
so  performing  worlc  on  external  bodies,  but  by 
propelling  the  gas  itself  from  a  space  in  which  it 
is  at  a  higher  pressure  into  a  space  in  which 
it  is  at  a  lower  pressure  Pb  ,  a  portion  of  work 
represented  by 


y  dv, 


is  employed  wholly  in  agitating  the  particles  of 
the  gas ;  and  when  the  agitation  so  produced  has 
entirely  subsided  through  the  mutual  friction  of 
those  particle.'",  an  equivalent  quantity  of  heat  is 
developed,  which  neutralizes  the  previous  cooling, 
whollj'  if  the  gas  is  perfect,  partially  if  it  is  im- 
])erfect.  The  equation  representing  the  result  of 
this  process  is  the  following: — 


/id^=  / 


Y  dp 


.(20.) 


In  this  equation,  let  the  Thcrmo-djTiamic  func- 
tion be  expressed  in  terms  of  the  temperature 
and  pressure,  as  in  equation  11,  and  let  Kp  be 
put  for  its  value,  according  to  equation  15 ;  then 
we  have 

This  quantity  represents  the  amount  whereby 
the  heat  reproduced  by  friction  falls  short  of  that 
which  disappears  during  the  expansion,  and  for 
a  perfect  gas  is  null.    The  phenomenon  here  in 
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question,  was  first  observed  by  Mr.  Joule,  and 
Professor  William  Thomson,  jointly,  to  determine 
experimentally  the  relation  between  the  absolute 
scale  of  temperature,  and  that  of  the  air  thermo- 
meter, which  had  previously  been  to  a  consider- 
able extent  a  matter  of  conjecture  and  hypothesis. 
In  such  experiments  the  variation  of  temperature 
which  takes  place  is  very  small,  hence  we  may 
put  approximately 

where  t  is  the  mean  of  tj^  and     ,  and 

At  =  U  —U 
is  the  final  cooling  effect. — Let  t  represent  tem- 
perature measured  by  the  air  thermometer  on  the 
ordinary  scale,  and  k  the  dynamical  specific 
heat  of  the  gas  under  constant  pressure  as  re- 
ferred to  this  scale,  which  is  formed  by  multiply- 
ing the  specific  heat  as  given  by  M.  Regnault, 
by  Joule's  equivalent.  Let  the  absolute  tem- 
perature t  be  regarded  as  a  function  of  t, 

<=/(T) 

whose  form  is  to  be  ascei  tained.  Then  for  equa- 
tion 21  we  may  put 

lc£^Tz=  (lSZL.A,  —  \\  /'^^vdp  (22.) 

V/'(T)    dT  Jj  ^  ^ 

Each  experiment  on  cooling  by  free  expansion, 
gives  a  value  of  the  cooling  eflfect  at,  correspond- 
ing to  a  particular  pair  of  pressures  p^,  Pb.  The 
relations  between  p,  v,  and  t,  are  ^ven  by 
formuliE,  founded  on  M.  Regnault's  experiments 
on  the  elasticity  of  gases  *  (see  a  paper  on  the 
Centrifugal  Theory  of  Elasticity,  Edinburgh 
Transactions,  vol.  xx ;  also  Philosophical  Maga- 
zine  for  December  1851).  Consequently,  from  each 
experiment  on  free  expansion,  there  can  be  calcu- 

/'(t)  _  d.log^t 


lated  the  value  of  • 


d  T 


. ,  for  a 


particular  temperature  t  on  the  air  thermometer. 
This  function,  when  multiplied  by  Joule's  equi- 
valent, is  called  CamOt's  function,  being  a 
function  of  which  CarnOt  pointed  out  the  exist- 
ence, but  failed,  from  reasons  already  stated, 
to  discover  the  form.  Those  experiments  are 
still  in  progress;  and  so  far  as  they  have  yet 
been  carried  (having  been  made  on  Air  and  Car- 
bonic x\cid),  they  indicate,  that  the  absolute  zero 
of  heat  does  not  appreciably  differ  from  that  of 
gaseous  tension,  and  that  the  scale  of  absolute 
temperature  sensibly  coincides  with  that  of  the 
perfect  gas  thermometer.  Philos.  Trans.  1864). 
This  fact  having  been  established,  experiments  j 
on  free  expansion  become  an  easy  and  accurate 
means  of  ascertaining  the  relations  between  the 
pressures,  temperatures,  and  densities  of  various 


"  These  fomuilic  will  te  described  generally  in  the 
sequel  of  this  urticle. 
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clastic  fluids.  Experiments  on  the  free  expansion 
of  steam  have  been  made  by  Mr,  C.  W.  Siemens, 
and  show  (as  theory  leads  us  to  expect),  that 
-team,  after  having  been  freely  expanded,  is 
iiperheated,  or  above  the  temperature  of  satura- 
tion corresponding  to  its  pressure. 

19.  Latent  Beat   of  Evaporation.  —  It  is 
known  by  experiment,  that  the  pressure  under 
^\  hich  a  fluid  boils  at  a  given  temperatui-e,  (being 
the  least  pressure  under  which  it  can  exist  in 
the  liquid  state,  and  the  greatest  under  which  it 
can  exist  in  the  gaseous  state,  at  the  given  tem- 
perature),  is  a  function  of  the  temperature  only. 
I  Let  V  be  the  volume  occupied  by  unity  of 
weight  of  a  fluid,  when  in  the  liquid  state,  at 
the  absolute  temperature  t,  and  under  the  cor- 
responding pressure  of  ebullition  p,  and  v  the 
volume  of  the  same  weight  when  in  the  state 
of  saturated  vapour  at  the  same  pressure  and 
ti temperature.    Then  on  applying  equation  8  to 
dthis  case,  we  find  that  because  the  temperature 
iiis  constant,  the  first  term  is  =  o ;  and  because 

tJthe  pressure  is  constant,  the  factor  t  ~  of  the 

d  t 

sisecond  term  is  constant ;  so  that  the  mtegral  is 

wwhich  is  the  value  in  units  of  work,  of  the  heat 
wwhich  disappears  in  evaporating  imity  of  weight 
lof  the  fluid  at  the  given  temperature.  Now 
Msuppose  the  weight  of  fluid  evaporated  to  be 

^  ~_  ^  ;  that  is  to  say,  so  much  of  the  fluid, 

tthat  its  increase  of  bulk  in  the  act  of  evaporating 
--13  one  cubic  foot;  then 


H 


V  —  V 


dt 


.(24.) 


rwdl  be  the  Latent  Heat  of  Evaporation  in  foot- 
'■ipoundsper  cubic  foot  of  space.  This  law  enables 
BUS  to  compute  the  expenditure  of  heat  necessary 
»to  propel  a  piston  through  a  given  space,  by 
means  of  a  given  vapour  at  full  pressure  and  at 
nany  temperature,  simply  from  the  relation  be- 
"tween  the  temperature  and  the  pressure  of  ebuUi- 
-tion,  and  without  knowing  the  density  of  the 
mpour.  The  utility  of  this  mode  of  computation 
B  mdent  from  these  considerations :— that  the 
weight  of  fluid  expended  in  any  vapour  engine 
j8  of  secondary  importance  in  comparison  with 
«tte  space  which  it  is  capable  of  filling  under  a 
^iven  pressure,  and  with  the  expenditure  of 
8neat,-.and  that  the  density  of  most  vapours 
|«  only  known  approximately,  and  in  a  great 
W^"?  ^I.  Mod^  of  computation, 

une  rate  of  mcrease  of  the  pressure  of  ebullition 

*«rith  the  temperature         may  be  computed 

Z  rtl       ^'"'^  eiven  by  M.  Regnault 

m  the  Merrmrs  and  Comptes  lUndm  of  the 
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Academy  of  Sciences),  or  from  fomulaB  of  the 
following  form : — 

log.io  p  =  A  —  ^   (25.) 


L  =  t 


dv 


d  t 


Gogo  10  =  2-3026  nearly). 
The  form  of  these  equations  was  indicated  by  a 
mechanical  hypothesis  of  which  a  sketch  will  be 
given  in  a  subsequent  section ;  the  constants  for 
certain  fluids,  as  computed  from  M.  Regnault's 
experiments,  are  given  below,  for  pressures  in 
pounds  on  the  square  foot,  and  absolute  tem- 
peratures in  degrees  of  Fahrenheit. 


Water  8-2-5907. 

Alcohol  7-9707  . 

^ther  7-5732  . 

Bisulphuret  of 


log.io  B. 
.  3  •4364155  , 
.  3-3123335  . 
.  3-3149229  , 

.  3-3072774 
.  3-7228362  , 


log.io  C 
.  5-5987307 
.  5-7532255 
.  5-2170580 

.  5.2183876 


Carbon  {-7  3438 

Mercury  7-9091 

20.  Computation  of  the  Density  of  Vapour 
from  the^  Latent  Beat.— The  densities  of  vapours 
are  but  imperfectly  known  by  direct  experiment. 
The  density  of  a  vapour  at  saturation  at  a  given 
temperature  may  be  computed  indirectly  in  the 
following  manner:— L  being,  as  above,  the  latent 
heat  per  cubic  foot,  and  h,  the  latent  heat  per 
pound  of  the  fluid,  ascertained  by  experiments 
(such  as  those  of  M.  Regnault  on  water,  and  of 
Dr.  Andrews  on  other  fluids).  Then 


H 

V  —  V  =z   

L 
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is  the  increase  of  volume  of  one  pound  of  the 
fluid  in  evaporating,  from  which  the  density 
of  the  vapour  is  easily  calculated.  The  densities, 
thus  computed,  of  the  vapours  of  ^ther  and 
Sulphuret  of  Carbon,  at  their  boiling  points 
under  the  mean  atmospheric  pressure  (2116-4  lb. 
per  square  foot)  agree  almost  exactly  with  those 
computed  from  the  chemical  composition  of  these 
vapours,  supposing  them  to  be  perfectly  gaseous. 
The  densities  of  the  vapours  of  water  and  al- 
cohol as  computed  from  their  latent  heats  of 
evaporation,  are  greater  than  those  corresponding 
to  the  perfectly  gaseous  state.  For  steam  at  low 
pressures  the  difference  is  trifling,  but  increases 
rapidly  as  the  pressure  increases.  (Pi-oc.  Hoy. 
Sac.  Edin.  1855). 

Example,    p  =  2116-4  (one  atmosphere). 

„  ...  /Ether.  Bisulph.  of  Ciirbon.  Wntor. 

Boiling  points  (ordin-\  ^ra         haoo  o,o„ 

nry  settle)  (  .-IH^'S..  2120 

Weight  of  one  cubic 

foot  of  vapour: — 
Calculated  from  la-)  „, 

tent  heat   J- 01853  lb. 

Calculated  as  perfect  (  n.ioc/. 
gas  [01856 

21.  Total  Beat  of  Evaporation  The  total 

heat  of  evaporation  of  unity  of  weight  of  a 
fluid,  from  one  temperatui-e,  at  another  tempera- 


.0-1829  lb...  0-03790  lb. 
.0-1830  ..0-03G79 
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ture,  is  the  quantity  of  heat  required  to  raise  the 
temperature  of  unity  of  weight  of  the  fluid 
fi-om  the  first  temperature  to  the  second,  and 
tlicn  to  evaporate  it  at  tlie  second  temperature. 
Rome  fixed  temperature,  such  as  tliat  of  melting 
ice,  is  usually  taken  for  the  first  temperature. 
It  is  deducible  from  equation  12,  that  the  total 
heat  of  evaporation  of  unity  of  weight  of  a 
fluid,  whose  vapour  is  sensibly  a  perfect  gas,  and 
very  bulky  as  compared  with  the  liquid,  from 
to,  at  t],  is  sensibly  efiual  to 

Ho  +  K,  (<i  —  ^o)  ...(SGO 

Steam  is  not  a  perfect  gas ;  and  its  total  heat  of 
evaporation  as  ascertained  by  experiment,  is  ex- 
pressed by 

Ho  +  o  (^l  —  to-)  (2G  A.) 

m  which  a  is  a  certain  constant,  less  than  the 
s])ecific  heat  under  constant  pressure,  Kp. — Ac- 
curding  to  M.  Regnault's  experiments,  let  ^o  be 
the  temperature  of  melting  ice ;  then 

iro  =  1091-7F.unitsX772  =  842792ft.-pounds. 

a  =  0-305  X  772  =  235-46  foot-pomids  per 
degree  of  Fahrenheit.* 

22.  T/m'mo-dynamic  Engines,  and  their  Effi- 
ciency A  Thermo  dynamic  Engine  is  a  piece  of 

mechanism  in  which  the  variations  of  volume 
and  pressure  of  an  elastic  fluid,  recurring  periodi- 
cally in  a  cycle,  are  so  regulated  as  to  produce 
at  each  cycle  of  variations,  or  stroke,  a  per- 
manent disappearance  of  heat,  and  development 
of  motive  power ;  which  development  of  motive 
power  is  necessarily  equivalent  to  the  Jieat  which 
disappears.  This  heat,  in  other  Avords,  is  said 
to  be  transfoivned  into  motive  power.  The 
Ejficiency  of  a  Tliermo-dynamic  Engine  is  a 
fraction,  representing  the  proportion  which  the 
heat  transformed  into  motive  po\ver  at  each 
stroke,  bears  to  the  whole  heat  expended  at  each 
stroke.  This  proportion,  in  an  engine  in  which 
no  heat  or  power  is  wasted,  depends  solely  (as 
will  presently  be  shown)  upon  the  temperatures 
at  which  the  elastic  fluid  receives  and  rejects 
heat. 

23.  Diagrams  of  Energy.  Isothermal  and 
Adiahatic  Lines. — Tlie  principles  of  the  action 
of  Thermo-dynamic  engines,  as  well  as  all  other 
engines,  are  much  elucidated  by  the  aid  of  geo- 
metrical figures,  called  indicator-diagrams  when 
they  are  described  by  apparatus  attached  to 
actual  engines,  and  generally  diagrams  of  energy. 
(Sjee  fig.  1.)  In  such  a  diagram  abscissa;, 
measured  from  oy  parallel  to  ox,  such  as  oa, 
ob,  oc,  od,  represent  volumes  successively  as- 
sumed by  the  elastic  fluid ;  ordinates,  measured 
from  ox  parallel  to  oy,  such  as  aA,  6b,  cc, 
<^7),  represent  pressures  exerted  by  the  fluid. 
Tiie  relation  between  the  pressures  and  volumes 
successively  assumed  by  tlie  fluid  during  a  given 
l)roces3,  is  expressed  by  a  line,  straight  or  curved, 

*  The  form  of  equation  SG  a.  was  hypothctically 
uulicipatcd  by  Sir  John  Lubbock  In  181!). 
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such  as  AB,  the  co-ordinates  of  any  point  in 
wliicli  represent  a  volume  and  the  corresponding 
pressure.  Let  the  process  be  an  expansion  from 
the  volume  oa  to  the  volume  ob,  the  pressures 
being  the  ordinates  of 
the  curve  a  b.  Then  the 
area  a  A  b&  will  represent 
the  work  performed  by 
the  elastic  fluid  in  pro- 
pelling a  piston  during 
the  expansion  in  ques- 
tion. If  the  process  were 
a  compression,  from  o  b 
to o a,  then  thesamearea 
would  represent  work 
exerted  by  the  piston  on 
the  fluid.  A  stroke,  or 
cycle  of  processes,  at  the 
end  of  which  the  elastic  fluid  returns  to  its 
original  condition,  is  represented  by  a  closed  line, 
such  as  abcd;  and  when  the  changes  take 
place  in  the  direction  of  the  letters,  so  that  the 
pressure  is,  on  the  whole,  less  during  the  com- 
pression than  durmg  the  expansion,  the  area 
enclosed  within  this  line  represents  at  once  the 
motive  power  permanently  communicated  to  the 
piston  during  one  cycle,  or  stroke,  and  the  heat 
which  permanently  disappears.  The  lines  on 
a  diagram  of  energy  may  be  of  various  kinds : — 
for  example; — An  Isothermal  Line  represents  the 
relation  between  the  pressure  and  volume  at 
a  given  constant  temperature.  Its  equation  is 
t  =  constant.  A  Line  of  No  Transmission,  or 
more  briefly,  an  Adiahatic  Line,  represents  the 
relation  between  the  pressure  and  volume  during 
the  expansion  and  compression  of  the  fluid  in  a 
nonconducting  vessel;  consequent!}',  for  such  a 
line,  the  Thermo-dynamic  function  is  constant; 
and  its  equation  is,  (p  =  constant.  ITie  Athermal 
Line  corresponds  to  the  absolute  zero  of  heat. 
It  is  at  once  an  Adiahatic  Line  and  an  Isothermal 
Line,  and  is  an  asymptote  to  all  other  Isothermal 
and  Adiahatic  Lines.  For  a  perfect  gas,  the 
Athermal  Lino  sensibly  coincides  with  the 
axis  o  X. 

24.  Efficiency  of  an  Elementary  Thermo-dyna 
mic  Engine. — An  Elementary  Thermo-dynamic 
Engine  is  one  in  which  the  reception  of  heat  by 
the  elastic  fluid  takes  place  wholly  at  one  abso- 
lute temperature  ti,  and  its  rejection  wholly  at 
another  absolute  temperature  Iq.  Consequently 
in  such  an  Engine  the  change  between  those  two 
limiting  temperatures  must  be  made  entirely  by 
compression  and  expansion  of  the  fluid. — In 
fig.  1,  let  A  B  be  part  of  the  isothermal  line  of 
ti,  D  c  part  of  that  of  ^2 ;  and  let  a  d  sr,  b  c  K 
bo  a  pair  of  adiahatic  lines,  corresponding  re 
sppctively  to  anj'  t\io  tliermo-dynamic  functions 
<PiL.  produced  indefinitely  towards  x. — 

Tlien  will  abcd  be  the  diagram  of  an  elemen 
tary  thermo-dynamic  engine  receiving  heat  at 
and  rejecting  heat  at  ^g- — The  heat  received  from 
the  furnace,  at  each  stroke,  durhig  the  process 
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AB,  is  <i  (^B  —  <fi.)  =  ^ht  is  represented 
by  the  indefiniteh'-produccd  area  m  a  b  k — The 
lieat  rejected  at  each  stroke,  during  the  process 
c  D,  and  abstracted  by  some  refrigerating  sub- 
^t.'lnce  (such  as  the  jet  of  cold  water  in  the  con- 
enser  of  a  steam  engine)  is  ^2  (^b  —  ipA  )  =  1121 
..;id  is  represented  by  tlie  indefinitely-produced 
area  MDCN.  —  The  heat  permanently  trans- 
formed into  motive  power  at  each  stroke  is  repre- 
sented by  the  area  a  b  c  d 

=  Hi  — Hg  =  (ti  _  /a)  ((pD  —     )  1 

Consequently  the  efficiency  of  the  encjine  is  |,  ^27  ) 

Hi  —  Hg           h  —  t2  I 

H»  ^1  J 

The  last  equation  expresses  the  law  of  the 
ffficiency  of  elementary  thermo-dynamic  engines. 

25.  Efficiency  of  Thermo-dynamic  Engines  in 
General. — Let  the  closed  line  ao  6bc  cZa  be  the 
diagram  of  any  thermo-dynamic  engine.  Draw 
a  pair  of  Adiabatic  lines  a  m.  b  n,  touching  the 
V  closed  line  in  a,  b,  re- 

spectively, and  indefinitely 
produced  in  the  direction 
0  X.  Then  throughout 
the  process  represented  by 
the  part  A  a  6  b  of  the 
diagram,  the  fluid  is  re- 
^  X  ceiving  heat,  and  through- 
out the  process  is  repre- 
Fig.  2.  sented  by  the  part  b  c  <Z  a, 

rejecting  heat.  —  Cut  an 
(indefinitely  narrow  band  from  the  diagram  by 
i^ny  pair  of  indefinitely-close  Adiabatic  lines 
ddm,  ben,  corresponding  to  the  Thermo-dy- 
namic functions  <(i,  <p-\-  d(p,  respectively ;  and 
Het  the  absolute  temperatures  corresponding  to 
«he  elements  a  6,  erf,  be  ^j,  /j,  respectively, 
nnen,  treating  the  band  «  6  c  rf  as  the  diagi-am  of 

elementary  engine,  we  find  

IHeat  received  during  the  process  ah  =  indefin- 
itely-produced  area  mabn  =  diiiz=  tid<p; 
■Heat  rejected  during  the  process  c  rf  =  indefin- 
itely-produced  area  vi  d  c  n  =  d  H2  =  ts  d  (p; 
'■Heat transformed  into  motive  power  =  area  abed 
~dui~d  U2  =       _  t2)  d  ((,. 

Consequently,  whole  heat  received  by  the  fluid 
per  stroke, 


area  m  a  o  &  b  : 


'Jleat  rejected  per  stroke, 

;  B  N  =  H2  =  / 


tid<p; 


==areaMArfc] 


l<Heat  transformed  into  motive'^power  ner  ^  ^^^'"^ 
stroke, 

:=  area  a  ce  6  b  « a  =  _ 


J<Pk 


(.h  ~  I2)  d  <p. 
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2G.  Thermo-dynamic  Engines  of  Maximim 

Efficiency  Between  given  limits  of  temperature, 

the  efficiency  of  a  Thermo-dynamic  engine  is  the 
greatest  possible,  when  the  whole  reception  of 
heat  takes  place  at  the  higher  limit,  and  the 
whole  rejection  of  heat  at  the  lower ;  that  is  to 
say,  when  the  engine  is  an  elementary  engine; 
and  the  theoretical  efficiency  of  such  an  engine 
is  independent  of  the  nature  of  the  fluid  em- 
ployed. 

27.  Of  the  ffeat' Economizer,  or  Regenerator. 
— To  fulfil  strictly  the  above  condition  of  maxi- 
mum efficiency  between  given  limits  of  tempera- 
ture,- the  elevation  of  the  temperature  of  the  fluid 
must  be  performed  wholly  b}"^  compression,  and 
the  depression  of  its  temperature  wholly  by  ex- 
pansion: operations  which  are  in  many  cases 
impracticable,  from  the  great  bulk  of  cylinders 
which  their  peiformance  would  require. — This 
difficulty  is  almost  entirely  avoided  by  the  fol- 
lowing process,  for  producing  alternate  elevation 
and  depression  of  temperature  with  a  small  ex- 
penditure of  heat,  invented  about  the  year  1816 
by  the  Eev.  Doctor  Robert  Stirling,  and  subse- 
quently improved  and  modified  by  Mr.  James 

Stirling,  Captain  Ericsson,  and  others  The 

fluid  whose  temperature  is  to  be  lowered  is  passed 
through  the  interstices  of  an  apparatus  called  an 
Economizer  or  Regenerator,  formed  by  a  number 
of  thin  plates  of  metal  or  other  solid  conducting 
substance,  or  of  a  network  of  wires,  exposing  a 
great  surface  within  a  small  space.  The  material 
of  the  economizer  becomes  heated  by  the  cooling 
of  the  fluid.  "When  the  temperature  of  the  fluid 
is  again  to  be  raised,  it  is  passed  through  the 
interstices  of  the  economizer  in  the  contrary 
direction,  and  the  heat  which  it  had  previously 
given  out  is  in  part  restored  to  it— It  is  impos- 
sible to  perform  this  process  absolutely  without 
waste  of  heat ;  but  by  giving  a  sufficient  mass 
and  surface  to  the  economizer,  the  waste  may  be 
reduced  to  a  small  amount.  In  some  experi- 
ments by  Mr.  Siemens,  on  air,  the  waste  of  heat 
at  each  stroke  appears  to  have  been  about  one- 
twentieth  part  of  the  heat  alternately  abstracted 
from  and  restored  to  the  air. 

27a.  Isodiabatic  Lines.  —  One  condition  of 
the  economical  working  of  the  economizer  is,  tliat 
the_  quantity  of  heat  given  out  by  the  fluid 
during  any  given  stage 
of  the  lowering  of  its 
tcniperatureshall  be  equal 
to  the  quantity  received 
by  it  during  the  corre- 
sponding stage  of  the 
raising  of  its  tempera- 
ture. This  condition  is 
realized  in  the  following 
manner. — Let  k  r  be  an 
arbitrary  line  represent- 
ing the  mode  of  varia- 
tion of  the  pressure  and  volume  of  the  fluid  during 
the  lowering  of  its  temperature  Let  g  h  be  the 
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corresponding  line  for  the  raising  of  the  temper- 
ature of  the  fluid. — Let  k  l,  m  n,  be  any  pair 
of  isothermal  lines,  intersecting  G  H  in  a  and  d, 
and  B  F  in  n  and  c,  respectively.  Let  ip^, 
(Pc,  fo,  be  the  Thermo-dynamic  functions  for  these 
four  points.  Then  if,  for  every  possible  pair  of 
isothermal  lines, 

<Pb  —  <Px=(Pa  —  <Pd. 

the  lines  e  f  and  g  h  have  the  required  property, 
and  are  said  to  be  Isodiabatic  with  respect  to 
each  other. 

28.  Thermic  Lines  for  a  Perfect  Gas. — Each 
Isothermal  Line  for  a  Perfect  Gas  is  a  common 
rectangular  hyperbola,  whose  asymptotes  are 
ox,  o  Y,  its  equation  being, 

t 

to 

Each  Adidbaiic  Line  for  a  Perfect  Gas  is  a  curve 
of  the  hyperbolic  kind,  having  ox,  or,  for 
asymptotes,  its  equation  being 


p  V  = 


Pq  Vo  =  constant  (29.) 


p  .  vy  =  £K  =  constant  (30.) 

Each  jjair  of  Isodiabatic  Lines  for  a  Perfect  Gas 
are  so  related  to  each  other,  that  if  v,  v',  be  the 
abscissae  of  the  points  of  intersection  of  these  two 
lines  respectively  with  one  and  the  same  isother- 
mal line,  the  ratio  v :  v'  is  a  constant  quantity 
for  all  isothermal  lines.  The  same  is  the  case 
with  the  ratio  p  :  p'.  It  follows  from  this,  that 
all  straight  lines  of  constant  volume,  parallel  to 
o  Y,  are  mutually  isodiabatic,  (which  is  equiva- 
lent to  saying  that  the  specific  heat  at  constant 
volume  is  constant),  and  also  that  all  straight 
lines  of  constant  pressure,  parallel  to  o  x,  are 
mutually  isodiabatic,  (which  is  equivalent  to 
saying  that  the  specific  heat  under  constant  pres- 
sure is  constant.) 

29.  Thermic  Lines  for  Saturated  Vapour  

When  a  fluid  mass  at  a  given  temperature  is 
under  the  pressure  of  ebullition  for  that  tempera- 
ture, it  may  be  either  wholly  in  the  liquid  state, 
wholly  in  the  state  of  saturated  vapour,  or  par- 
tially in  those  two  states,  and  may  occupy  any 
volume  from  that  of  complete  liquefaction  to  that 
of  complete  evaporation.  Hence  the  Isothermal 
line  for  this  condition  is  a  limited  straight  line 
parallel  to  o  x ;  and  the  distances  of  the  extre- 
mities of  that  line  from  o  y  represent  the  volumes 
of  the  mass  in  the  states  of  liquid  and  of  saturated 
vapour  respectively,  at  the  given  temperature. — 
The  exact  equation  of  an  Adinhatic  curve  for  a 
mixture  of  liquid  and  saturated  vapour  is  very 
complex.  Examples  of  its  application  may  be 
found  in  Philosophical  Ti-ansactions,  1854,  1859, 
and  Rankine  On  Prime  Movers,  1859.  This 
curve,  however,  in  most  of  the  cases  which  occur 
in  practice,  approaches  to  the  form  of  a  sort  of 
hyperbola,  and  computations  in  which  it  is 
treated  as  of  the  hyperbolic  kind  are  found  to  bo 
sufficiently  accurate  for  most  practical  purposes 
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connected  with  steam  engines.  In  actual  in- 
dicator-diagrams of  steam  engines,  only  one  adi- 
abatic  or  nearly-adiabatic  curve  occurs,  viz.: — 
that  representing  the  cooling  of  the  steam  by 
expansion.  To  realize  the  theoretical  maximum 
of  efficiency,  the  temperature  of  the  water  sup-, 
plied  to  the  boiler  ought  to  be  raised  to  the 
temperature  of  ebullition  by  forcibly  compressing 
a  portion  of  the  waste  steam  into  the  liquid 
state;  but  this  process  would  be  inconvenient, 
if  not  impossible,  in  practice,  and  its  omission 
occasions  but  a  small  loss  of  efficiency.  The 
nearest  approach  possible  in  practice  to  the  maxi- 
mum theoretical  efficiency  in  a  steam  engine 
or  other  vapour  engine,  is  attained  when  the 
expansion  is  continued  until  the  pressure  of  the 
vapour  falls  so  as  to  be  just  sufficient  to  balance 
the  unloaded  friction  of  the  engine,  added  to  the 
pressure  at  which  the  condensation  takes  place 
in  condensing  engines,  or  the  rejection  of  the 
vapour  in  non-condensing  engines. 

30.  Composite  Vapour  Engines. — In  a  Com- 
posite Vapour  Engine,  two  fluids  are  emploj-ed, 
a  less  and  a  more  volatile,  such  as  water  and 
aether,  in  the  engine  of  M.  Du  Trembley.  In 
this  engine,  the  steam,  instead  of  being  ex- 
panded to  and  condensed  at  the  lowest  attainable 
limit  of  temperature,  is  expanded  to  and  con- 
densed at  some  intermediate  temperature,  and 
the  heat  rejected  by  it  in  the  act  of  condensation 
is  used  to  evaporate  the  sether,  which  works 
an  auxiliaiy  engine,  and  is  condensed  at  the 
lowest  limit  attainable.  The  aether  merely  per- 
forms a  portion  of  work  which  the  steam  would 
have  performed  if  its  expansion  had  been  con- 
tinued far  enough;  but  as  the  pressure  of  the 
saturated  vapour  of  aether  at  a  given  temperature 
is  much  greater  than  that  of  steam,  the  aether, 
cylinder  occupies  a  much  smaller  space  than  thatj 
which  Avould  have  to  be  added  to  the  steam' 
cylinder  to  enable  it  to  realize  the  same  efficiency. 

31.  Economy  of  Heat-Engines  in  general. — 
If  the  number  of  British  Fahrenheit-Units  ofj 
heat  produced  by  the  combustion  of  one  poundj 
of  a  given  kind  of  fuel,  be  multiplied  by  Jonle'sl 
equivalent,  772  foot-pounds,  the  result  is  thej 
total  heat  of  combustion  of  the  fuel  in  question,, 
expressed  in  foot-pounds.  In  difl'erent  kinds  of  coal, J 
it  varies  from  about  6,000,000  to  12,000,OOOJ 
foot-pounds.    This  total  heat  is  expended,  in  any  j 
given  engine,  in  producing  the  following  effi;cts, 
whose  sum  is  equal  to  the  heat  so  expended..^ 
— 1.  The  waste-heat  of  the  furnace,  being  fron 
0-15  to  0-6  of  the  total  heat,  according  to  thcl 
construction  of  the  furnace,  and  the  skill  witfcj 
which  the  combustion  is  regulated.  —  2.  Th(I 
necessarily  rejected  heat  of  the  engine,  being, 

hereinbefore  stated  X  the  heat  recdt 

'i 

by  the  engine,  <i  being  the  upper,  and  <2 
lower  limits  of  temperature. — 3.  The  heat  wa 
by  the  engine,  whether  by  conduction,  or  by  nonl 
fulfilment  of  the  condilions  of  maximum  eff" 
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■iicy  4.  The  useless  work  of  the  engine,  em- 

\ved  in  overcoming  friction  and  other  pre- 

licial  resistances  5.  The  useful  work.  The 

jnomy  of  a  Thermo-dynamic  Engine  is  im- 
oved  by  diminishing  as  far  as  possible  the  first 
ir  of  these  effects,  so  as  to  increase  the  fifth, 
is  with  the  diminution  of  the  second  and  third 
ects  that  the  theory  of  Thermo-dynamics  is 
iefly  concerned ;  and  this  is  to  be  effected, — 
St,  by  so  regulating  the  working  of  the  elastic 
id,  that  the  reception  and  rejection  of  heat 
ill  take  place  as  far  as  possible  at  the  upper 
li  lower  limits  of  temperature  respectively, 
as  to  diminish  the  heat  wasted  by  the  engine, 
and  secondly,  by  diminishing  as  far  as  possible 

I  ratio  —  of  the  lower  limit  of  absolute  tem- 
h 

rature  to  the  upper,  to  which  ratio  the  ne- 
^sarily-rejected  heat  is  proportional.  In  satu- 
;ed  steam  engines  and  other  vapour  engines, 
;  former  of  these  objects  has  already  been 
scted  perhaps  to  the  fullest  extent  possible 
practice :  —  and  that,  it  may  be  observed, 
nost  wholly  by  carrying  out  and  developing 
!  ideas  of  Watt.  There  therefore  remains,  as 
means  of  increasing  the  economy  of  heat- 

;mea,  ovly  the  diminution  of  the  ratio 

iw  the  diminution  of  the  lower  limit  of  absolute 
nperature,  ^2,  is  restricted  by  the  temperature 
the  surrounding  air  and  water;  go  that  the 
rease  of  economy  must  be  accomplished  chiefly 
raising  the  upper  limit  of  temperature  ti. 
•3,  in  the  case  of  saturated  steam,  has  already 
can-ied  nearly  as  far  as  is  possible,  con- 
;ntly  with  safety,  owing  to  the  rapid  increase 
tlie  pressure  of  ebullition  with  the  tempera- 
Hence,  it  is  to  be  concluded,  that  in  order 
improve  the  economy  of  Thermo-dynamic 
nes  to  any  great  extent  beyond  what  has 
idy  been  accomplished,  it  is  necessary  to  use 
■io  fluids  in  the  gaseous  state,  so  that  it  may 
possible  to  increase  the  upper  limit  of  tem- 
ature  to  any  extent  consistent  with  the 
rability  of  the  solid  materials  of  the  engine, 
1  at  the  same  time  to  regulate  the  pressure 
will,  by  regulating  the  density  of  the  gas 
ployed.    The  gaseous  substances  best  suited 
this  purpose  are  simply  those  which  are  most 
'lily  obtained:— viz.,  superheated  steam,  and 
nospheric  air.    The  choice  between  those  two 
'Stances  is  wholly  a  question  of  practical  con- 
iience.*    The  efficiency  of  the  steam  in  actual 
from  0-02  to  0-2  (see 

f-  Latent  neat  of  Fmion.~\Vhen  Freezing 
J  Meltmg  are  accompanied  by  a  cliange  of 


iience, 
am  engines  ranges 
i;am  Engine). 
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volume,  the  Latent  Heat  of  Fusion  is  subject  to  a 
law  analogous  to  that  expressed  by  the  equation 
(23.)  for  the  latent  heat  of  evaporation:  viz.,  let 
V  be  the  volume  of  unity  of  weight  of  the  sub- 
stance in  the  liquid  state,  v'  the  volume  in  the 
solid  state,  t  the  absolute  temperature  of  fusion, 
d  p 

and  ^the  reciprocal  of  the  rate  at  which  that 

dt 

temperatm'e  varies  with  the  external  pressure 
under  which  fusion  takes  place ;  then  the  latent 
heat  of  fusion,  in  units  of  work,  is 

H  =  i  ll-  (v  —  V)  (31.) 

dt  ^ 

When  the  latent  heat  and  temperature  of  fusion 
and  the  alteration  of  volume  v  —  v',  are  known 
by  experiment  for  a  given  substance,  the  altera- 
tion of  the  temperature  of  fusion  by  pressure  may 
be  computed  by  the  following  formula: — 


dt 
17 


  t  (v  —  V') 

H 


.(31  a.) 


When  the  bulk  of  the  substance  in  the  solid  state 
exceeds  that  in  the  liquid  state  (as  is  the  case  for 
water,  antimony,  cast-iron,  and  a  few  other  sub- 

stances),  then  — —  is  negative,  that  is,  the  tem- 
ap 

perature  of  fusion  is  lowered  by  pressure ;  a  prin- 
ciple first  pointed  out  by  Mr.  James  Thomson  as 
a  consequence  of  Carnot's  theory  (Edinburgh 
Transactions,  vol.  xvi.)  For  water  we  have  the 
following  data : — 


=  0'016  cubic  foot  per  pound, 
=  0  0174  „ 
=  493°-2  Fahr. 

=  142  X  772  ==  109624  foot-pounds; 


t 

consequenth-,  

d  p 


0-0000063  Fahren- 


425 


heit,  being  the  amount  by  which  the  melting 
point  of  ice  is  lowered  for  each  pound  of  pressure 
on  the  square  foot.  An  atmosphere  of  pressure 
being  2116  lb.  per  square  foot,  we  have,  for  the 
lowering  of  the  meltmg  point  per  atmosphere  of 
pressure, 

2116  X  ^— Xp^^  =  0°'0133  Fahrenheit, 

a  result  verified  by  the  experiments  of  Professor 
William  Thomson. 

33.  Cosmical  Speculations  connected  with  Ther- 
mo-dynamics. Solar'  Heat  Various  specula- 
tions concerning  the  application  of  the  principles 
of  Thermo-dynamics  to  the  phenomena  of  the 
universe  in  general  have  recently  appeared,  of 
which  the  most  interesting  is  one  originated  by 
Mr.  Waterston  (Report  of  the  British  Association 
for  1853),  and  reduced  to  numerical  computation 
by  Professor  Thomson  (Edinburgh  Transactions, 
xxi.),  respecting  the  source  of  the  light  and 
heat  of  the  sun.  Mr.  Waterston  proposes  tlie 
supposition,  that  the  solar  heat  is  produced  by 
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friction  of  a  shower  of  meteoric  or  small  planet- 
ary bodies,  continually  falling  from  surrounding 
space  into  the  atmosphere  or  on  the  surface  of  the 
5im.  Professor  Thomson  shows,  that  the  annual 
fall  of  a  quantity  of  matter  into  the  sun,  which 
would  increase  the  angular  diameter  of  that 
bodj'  as  seen  from  tlie  earth  by  only  one  second 
in  forty  thousand  i/ears,  is  sufficient,  according  to 
this  supposition,  to  account  for  the  quantity  of 
light  and  heat  annually  emitted  by  the  sun  at 
the  present  time;  whereas,  on  the  supposition 
that  the  sun's  light  and  heat  are  produced  by 
cliemical  action,  that  is,  by  combustion  or  by 
electricity,  at  least  three  thousand  times  the  above 
quantity  of  matter  would  require  to  enter  annu- 
alh'  into  chemical  combination  at  or  near  the 
sun's  surface  If  combustible  matter  be  supposed 
to  fall  into  the  sun,  such  matter  would  produce 
at  least  three  thousand  times  more  heat  by  its 
mechanical  action  than  by  its  combustion.  Pro- 
fessor Thomson  considers  the  Zodiacal  light  as 
being  probabl_v  a  cloud  of  meteoric  bodies  in  the 
act  of  gradually  approaching  and  falling  into  the 
sun. 

34.  Hypothesis  of  Molecular  Vortices. — In  the 
preceding  sections,  the  laws  of  Thermo-dynamics 
have  been  stated  simply  as  the  general  expres- 
sions of  facts  ascertained  by  experiment,  Avithout 
adopting  any  hypothetical  assumptions.  In  this, 
as  well  as  in  other  branches  of  molecular  physics, 
the  laws  of  phenomena  have  to  a  certain  extent 
been  anticipated,  and  their  investigation  facili- 
tated, by  the  aid  of  hypotheses  as  to  occult  mole- 
cular structures  and  motions  with  which  such 
phenomena  are  assumed  to  be  connected. — The 
hypothesis  which  has  answered  this  purpose  in 
the  case  of  Thermo-dynamics,  is  called  that  of 
"  Molecular  Vortices,"  or  otherwise,  the  "  Centri- 
fugal Theory  of  Elasticity." — The  fundamental 
suppositions  of  this  hypothesis  are, — that  bodies 
consist  of  atoms;  this  word  being  used  to  denote, 
not  absolutely  indivisible  particles,  but  the 
smallest  similar  parts  into  Avhich  a  homogeneous 
substance  can  be  divided; — that  each  atom  con- 
sists of  a  simple  or  compound  nucleus  surrounded 
by  an  elastic  atmosphere ; — that  the  tendency  to 
preserve  particular  volumes  and  figures,  possessed 
by  the  parts  of  solids,  and  the  tendency  to  pre- 
serve particular  volumes  possessed  by  the  parts  of 
liquids,  arise  from  forces  exerted  between  the 
atomic  nuclei  and  the  parts  of  their  atmospheres; 
— that  radiant  light  and  heat  consist  in  the  trans- 
mission of  oscillations  of  the  atomic  nuclei  ;--and 
especially,  that  thermometric  heat,  which  is  ac- 
companied by  a  tendency  to  perform  work  by 
indefinite  expansion,  and  a  diminution  of  the 
tendency  to  preserve  a  definite  volume  and  figure, 
consists'in  circulating  currents,  eddies,  or  vortices, 
amongst  tlio  particles  of  the  atomic  atmospheres, 
giving  them  a  tendency  to  recede  from  their 
nuclei,  and  occupy  a  greater  space,  and  also  to 
lose  any  particular  geometrical  distribution  as  to 
density  and  arrangement. — According  to  this 
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hypothesis,  the  actual  heat  of  a  substance  is  the 
total  vis-viva  of  the  molecular  motions  (the  vis- 
viva  of  a  body  bding  understood  to  mean,  the 
product  of  tiie  mass  of  the  body  by  one-half  of 
the  square  of  its  velocity). — From  this  hypothesis 
all  the  laws  of  Thermo-dynamics  are  deduced  bv 
the  aid  of  the  principles  of  ordinary  mechanics, 
leaving  one  point  to  be  ascertained  b}'  experi- 
ment, viz. : — the  interval,  if  any,  on  the  thermo- 
metric scale,  between  the  absolute  zero  of  heat 
and  the  zero  of  gaseous  tension; — an  interval 
which,  as  already  stated,  is  inappreciable,  accord- 
ing to  the  best  existing  experiments. 

35.  Elasticity  of  Gases  and  Vapours. — Besides 
the  Laws  of  Thermo-dynamics,  the  hypothesis  of 
Molecular  Vortices  leads  also  to  certain  laws  of 
the  Elasticity  of  Gases  and  Vapours,  which  have 
been  confirmed  by  experiment,  viz: — 1.  That 
the  relation  between  the  pressure,  density,  and 
absolute  temperature  of  an  elastic  fluid  is  ex- 
pressed by  the  followinij  equation  : — 


p  V 


t 


t 


A_2 


&c.  (32: 

where  Aq,  Aj,  A2,  &c.,  are  a  series  of  functions  a 
the  densitv  - ,  to  be  determined  for  each  elasti 

fluid  by  experiment.  For  Air  and  Carbonic  Aci< 
Gas,  it  appears  that  each  of  these  functions 
sensibly  proportional  to  the  density  simply,  mul- 
tiplied by  a  constant. — II.  That  the  relatio 
between  the  pressure  and  absolute  temperatur 
of  ebullition  of  a  fluid  is  expressed  approximate!; 
by  the  following  equation :  — 
B  C 

log.  p  —  A  —   p  — ,  &c  (33. 

A,  B,  c,  &c.,  being  specific  constants,  to  be  de 
termined  for  each  fluid  by  experiment.  Some  ( 
these  constants  have  been  given  in  section  19 
this  article.— (On  the  subject  of  the  hypothes 
of  molecular  vortices  and  its  results,  see  tl 
Edinburgh  Philosophical  Journal,  1849,  Edit 
burgh  Transactions,  vol.  xx.,  and  Philosophici 
Magazine,  passim,  especially  for  Decenibe' 
1851,  and  November  and  December,  185? 
The  values  of  the  constants  in  such  formidaj 
32  and  33  have  midergone  revision  from  time  r 
time  according  as  more  and  more  exact  exper 
mental  data  have  been  obtained.  The  latest  ar> 
most  exact  values  of  the  constants  in  the  equatii 
(32)  for  air  and  carbonic  acid  gas  are  investigal 
in  an  unpublislied  paper  in  the  hands  of 
Koyal  Society  of  Edinburgh,  for  an  abstract 
which,  see  the  Minutes  of  Proceedings  of 
Society,  1854-5.) 

36.  Conclusion.  —  Science  of  Energetics. 
Although  the  mechanical  hypothesis  just 
scribed  may  be  useful  and  interesting  as  a 
of  anticipating  laws,  and  connecting  the  sclent 
of  Thermo-dynamics  with  that  of  ordinary  nrj 
chanics,  still  it  is  to  be  remembered  that 
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ice  of  Thermo-dynamics  is  hy  no  means  clc- 
iout  for  its  certainty  on  that  or  any  other 
thesis,  having  been  now  I'cduced  to  a  S3'stem 
rinciples,  or  general  facts,  expressing  strictly 
results  of  experiment  as  to  the  relations  be- 
n  heat  and  motive  power.    In  this  point  of 
,  the  laws  of  Thermo-dj-namics  may  be  re- 
ded as  particular  cases  of  more  general  laws, 
licable  to  all  such  states  of  matter  as  consti- 
'  Energy,  or  the  capacity  to  perform  work, 
ich  more  general  laws  form  the  basis  of  the 
i.NCE  OF  Energetics,  a  science  compre- 
ding  as  special  branches,  the  theories  of 
ion,  heat,  light,  electricity,  and  other  phy- 
I  phenomena.* 

Heating  of  XSnildiiigs.  The  long  winters 
his  country,  accompanied  by  so  many  changes, 
he  excess  of  humidity  at  one  time,  and  of  cold 
cing  winds — particularly  from  the  east,  in 
ng  at  another,  have  necessarih'  led,  more 
2ciul]y  in  recent  years,  to  much  consideration 
ig  bestowed  upon  the  means  of  warming  both 
lie  and  private  buildings  so  as  to  obtain  an 
able  temperature  combined  with  salubrity. 
3  unnecessary  here  to  enter  upon  a  description 
;!the  numerous  contrivances  of  open  grates  to 
inn  rooms.  Much  skill  has  been  bestowed  in 
irir  construction — and  they  are  made  to  suit 
palace  or  the  cottage — even  the  mode  of 
liting  the  fire  has  been  changed,  and  the  law 
isrsed  by  making  the  fuel  burn  downwards 
e;ead  of  upwards.  The  use  of  open  fires  is  so 
;aded  with  the  habits  and  usages  of  the  people, 
:  t  it  would  indeed  be  a  difBcult  task  to  change 
'.)lic  opinion  as  regards  them;  still  this  mode 
hheating  has  its  disadvantages  and  incon- 
liences,  such  as  smoky  chimneys,  back  smoke, 
■'.5te  of  fuel,  injuring  furniture  from  dust,  and 
unequal  warming  of  the  apartment;  one 
t  of  the  room  being  cold,  forcing  the  inmates 
Idraw  near  the  fire — by  which  they  are  over- 
:ited  on  the  one  side,  and  chilled  on  the  other, 
ile  the  feet  and  legs  are  exposed  to  a  current  of 
1  i  air  at  the  floor — Various  contrivances  have 
o  n  proposed  as  a  substitute  for  open  fire  grates 
obtain  uniformity  of  temperature,  and  several 
these  with  considerable  advantage.  When 
ging  of  such  inventions,  it  is  of  paramount 
portance  to  keep  the  following  rules  in  re- 
mbrance:— I.  That  by  the  mode  of  heating, 
'  temperature  is  not  raised  at  the  expense  of 

■  oxygen,  which  is  allotted  for  sustaining  the 
nthy  respiratory  functions,  leaving  a  residuimi 
icarbonic  acid  and  other  gases.— II.  That  the 

of  heating  does  not  injure  the  atmospheric 
.  in  the  process  of  warming  it,  by  the  air  being 
de  to  pass  over  metallic  surfaces  at  or  near 
cd  heat,  and  that  the  carbonaceous  matter  of 

■  fuel  IS  not  mixed  with  tlie  heating  current.— 
•  attention  to  these  two  points  the  value  of 
ions  artificial  means  of  heating  may  be  cor- 

'  ''■'nnhin-gh  PhihsopMcnl  Journal.  .Jnlv,  \»r,r,-  Pro- 
1>'>'J>  o/lke  Glasgow  Philosophkul  SodJy,  ISM^a. 
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rectly  estimated ;  and  no  method,  however  econo- 
mical in  fuel,  should  on  any  account  be  employed 
which  has  the  least  tendency  to  deteriorate  the 
air  to  be  heated. — At  the  present  time,  when 
artificial  heat  is  applied  to  buildings  in  this 
country,  it  is  chiefl}-  made  use  of  in  cases  where 
open  fires  cannot  be  conveniently  adopted.  This 
has  been  accounted  for  from  the  deep  rooted 
habits  of  the  people  in  favour  of  room  fires, 
although  it  is  well  known  that  on  the  continent  of 
Europe  no  such  partiality  exists.  Taking  the  cus- 
tom, however,  as  now  existing  in  Britain,  artificial 
contrivances  for  heating  are  chiefly  tised  for  warm- 
ing public  buildings,  factories,  prisons,  warehouses, 
conservatories,  &c. ;  and  when  applied  to  houses 
it  is  usually  auxiliary  to  open  fires  Judg- 
ing of  the  merits  of  the  numerous  inventions 
for  heating  by  the  preceding  standards,  No.  I. 
would  include  the  various  modes  of  heating 
by  gas,  which  cannot  be  burned  without  deteri- 
orating the  atmospheric  air ;  while  it  is  a  fact 
that  no  more  heat  can  in  reality  be  obtained  from 
the  burning  of  gas  in  a  close  vessel  as  a  stove, 
than  if  the  same  quantity  were  consumed  in  the 
lighting  of  a  room. — This  mode  of  heating  also 
applies  to  the  various  kinds  of  stoves  which  hold 
out  that  heat  can  be  obtained  from  bui-ning  char- 
coal or  other  fuel  without  injury  to  the  air  of  the 
apartment — or  to  stoves  or  grates  without  flues. 
For  what  would  be  thought  of  an  open  fire  with- 
out a  chimney  ?  It  should  always  be  kept  in  re- 
membrance, that  combustion  cannot  go  on  with- 
out air;  and  unless  the  products  from  it  are 
removed  as  they  are  generated,  they  become  fatal 
to  human  life.  The  many  evil  results  arising 
from  breathing  for  any  length  of  time  corrupted 
air  is  well  known.  It  has  been  supposed,  that 
carbonic  acid  gas  in  apartments  is  so  diluted  that 
it  cannot  be  so  accumulated  as  to  produce  im- 
mediate serious  efl^ects.  Still  it  was  but  lately 
that  several  of  the  congregation  of  a  country 
church  in  the  north  of  England  were  nearly 
suffocated  by  a  stove ;  and  it  is  almost  a  matter 
of  common  occurrence  to  read  of  the  death  of 
people  from  the  fumes  of  charcoal  in  close  places. 
What  are  the  fumes  of  charcoal  producing  as- 
phyxia but  carbonic  acid  gas  ?  But  the  products 
of  combustion  from  a  coal  fire,  smoke,  sulphur, 
and  carbonic  acid,  &c.,  are  equally  fatal  to  life ; 
and  the  same  poison,  which  destroys  life  over  the 
embers  of  a  fire  in  a  ship's  cabin,  causes  the  acci- 
dent from  choke  damp  in  the  mine,  the  well,  or 
the  vat. — As  regards  the  second  mode  of  heating, 
it  applies  to  the  numerous  class  of  cockle  stoves 
of  cast  iron,  or  close  hot  air  stoves,  which  are 
used  to  warm  churches  and  other  buildings. 
These  stoves  are  not  now  so  much  in  tise  as  they 
once  were,  but  tliey  are  liable  to  the  objection  of 
overheating  the  air,  depriving  it  of  its  moisture 
and  purity,  passing  it  over  metal  often  at  a  red 
heat,  say  700°  F.,  by  which  the  air  itself  is 
decomposed,  the  oxygen  is  rapidly  consumed, 
forming  an  oxide  on  the  surface  of  the  metal, 
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and  the  vapours  are  converted  into  hydrogen,  or 
carburetted  hydrogen  gas.  The  rarefied  air,  which 
enters  the  apartment  from  such  stoves,  must  be 
chiefly  composed  of  nitrogen— the  effluvia  arising 
from  tlic  hot  air — often  mixed  with  the  products 
of  the  fuel— carbonic  acid  gas  within  the  coclde — 
entering  with  the  heated  current;  this  sulphureous 
vapour  being  most  injurious  to  health. — From 
the  rislc  of  the  heating  vessel  being  burnt  out, 
or  giving  way,  and  the  fumes  from  the  fuel 
escaping  into  the  warm  air  flues,  very  considerable 
danger  from  these  stoves  exists  as  to  fire.  Cast 
iron  cockles  of  this  description  were,  till  about 
1853,  in  use  at  the  College  Museum  and 
Library,  Edinburgh,  from  which  much  injurj' 
arose  to  the  collection  and  books.  They  have 
since  been  removed,  and  these  buildings  have 
been  heated  with  a  patent  hot  water  heating 
apparatus,  which  will  be  afterwards  noticed. — 
Several  kinds  of  heated  air  stoves,  made  of 
malleable  iron,  for  warming  the  air  have  also 
been  used.  By  tliese  it  is  proposed  to  effect  the 
object  by  warming  a  larger  volume  of  atmo- 
spheric air  to  a  lower  temperature.  It  should, 
however,  be  kept  in  view,  that  whenever  the  iron 
reaches  a  black  heat  beyond  300°  F.  a  partial 
decomposition  of  the  air  takes  place  b}'  the  burn- 
ing or  scorching  of  the  dust  mixed  with  the 
atmospheric  air  which  abounds  more  in  towns 
than  in  the  countiy,  (visible  to  the  eye  in  the 
sunbeam),  and  which  is  chiefly  composed  of  animal 
and  vegetable  matter.  Another  defect  stoves  of 
all  kinds  are  liable  to,  arises  from  the  fact  that 
the  fire  is  burning  within  the  interior  of  the 
metal  or  brick  work,  and  in  the  course  of  time, 
from  constant  expansion  and  contraction,  the 
fumes  of  the  fuel  are  liable  to  escape  through  the 
crevices  of  the  stove  into  the  hot  air  flues,  and 
thence  are  discharged  with  the  hot  air  into  the 
apartment,  thus  producing  effluvia  or  injuring 
the  purity  of  the  entering  current  These  de- 
fects, appertaining  to  stoves,  being  long  known, 
numerous  schemes  have  been  proposed  for  their 
removal.  The  attention  of  mill-o-vvners,  where 
stoves  were  early  and  chiefly  used,  was  directed 
to  find  some  better  plan  than  the  cast  iron 
cockle,  originating  from  the  German  stove ;  ac- 
cordingly, one  of  the  earliest  improvements  was 
what  was  called  the  Belper  stove,  the  idea 
originating  from  the  late  AVilliam  Strutt,  Derby, 
in  1792.  By  this  plan  the  old  method  of  intro- 
ducing small  streams  of  highly  heated  air  was 
got  rid  of,  and  the  heat  of  tlie  entering  current 
reduced,  in  order  to  obtain  a  larger  volume  of 
slightly  warmed  air.  It  does  not  appear  that 
the  plan  of  Strutt  was  much  adopted  by  mill- 
owners.  The  late  Mr.  Robertson  Buchanan,  C.E., 
states  that  he  did  much  to  introduce  tho  Belper 
stove  into  Scotland.  It  was  not  till  1819  that 
it  became  generallj'  known  by  the  publication  of 
Si/lvesler's  Domestic  Economy.  A  year  or  two 
after  tliis,  the  late  Sir  John  Robison,  Secretary  of 
the  Royal  Society  of  Edinburgh,  who  happened 


HEA 

to  be  at  Derby,  was  so  struck  with  the  ad- 
vantages of  the  Belper  stove  over  those  cast  iron 
cockle  stoves  then  generally  used,  that  he  had 
one  on  the  principle  of  the  former  applied  to  heat 
his  house  in  Edinburgh.   The  attention  of  Mr.  R. 
Ritchie,  engineer,  of  the  latter  city,  being  turned 
to  the  subject,  he  effected  various  improvements 
to  simplify  the  Belper  stove.    These  he  brought 
under  the  notice  of  the  Royal  S.  Society  of  Arts  m 
1832,  which  awarded  to  him  a  premium.  Stoves 
of  this  kind  have  been  extensively  erected  by 
him,  which  have  given  as  much  satisfaction  as 
stoves  can  give — Notwithstanding  the  improve- 
ments made  upon  stoves,  these  did  not  effect  i 
the  object  required  by  mill-owners.    From  tL 
rapid  increase  of  factories  of  large  extent,  andk. 
with  several  floors,  an  equality  of  heat  in  different  i 
levels  was  required,  which  could  not  be  obtained  i 
hy  the  heated  air  from  stoves  from  the  rise  of  the  i 
warm  air  to  the  upper  level.    Steam  heat  had  j- 
been  proposed  many  years  before,  but  it  made  ita  L 
way  at  first  very  slowlj*.    It  seems  to  have  been  i- 
first  brought  under  public  notice  by  a  Colonelji  _ 
Cook  in  1745,  in  the  Philosophical  Transactionsjk 
London.    It  was  introduced  into  England  bj 
James  Watt  in  1785,  and  into  Scotland  bj 
Mr.  Neil  Snodgrass  in  1789.    The  first  mil 
heated  by  steam  in  England  was  by  Boulton  an(  j 
Watt,  1799;  and  the  same  year,  in  Scotland  ,:. 
Mr.  Snodgrass  introduced  it  into  a  cotton  mill  Ir. 
Mr.  R.  Buchanan,  C.E.,  was  one  of  the  firs 
writers — 1807-10 — in  favour  of  warming  mill  j 
by  steam.    The  late  Mr.  Tredgold — 1824— an( 
others  have  likewise  written  in  favour  of  it.  Thifj 
plan  of  warming  mills  maj'  be  said  to  have  orii:'. 
nated  about  the  commencement  of  the  preseL 
century,  but  since  that  period  the  practice 
gone  on  increasing  to  the  present  time,  and  nc 
we  may  remark,  hardly  any  other  method 
used,  so  infectious  is  example.    But  althougj 
the  plan  of  heating  by  steam  is  so  general 
factories,  it  has  not  been  extended — though 
has  often  been  tried — to  domestic  buildings ;  am 
Mr.  R.  Ritchie  of  Edinburgh  informs  us  that  U 
applied  it  in  country  mansions  more  than  twentj 
years  ago.    The  mode  at  present,  in  general  us« 
is  to  place  the  steam  pipes  within  work-roonif 
and  to  elevate  the  temperature  of  the  room  bt 
means  of  the  surface  of  the  pipe.   The  cleanlinel 
of  the  plan  has  its  advantages,  and  from  til 
general  use  of  the  steam  engine  at  factories,  t 
has  no  doubt  led  to  steam  being  almost  the  on' 
mode  now  adopted  for  wanning  them,  as 
steam  can  be  led  through  the  pipes  over 
difl"erent  floors  of  a  large  building.    The  si 
pipe,  in  order  to  keep  clear  of  the  machinery, 
placed  over-head  of  the  workers.  When 
sj'stem  of  heating  is  combined  with  proper  veni 
lation  it  answers  the  purpose  A-er^'  well.  It 
however,  capable  of  improvement ;  and  in  18' 
Mr.  R.  Ritchie,  C.E.,  Edinburgh,  submitted 
comnumication  to  tho  Royal  Society  of  Arts 
the  WaJining  and  Ventilation  and  Saniio 
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lemenis  of  Factories,  for  which  a  premium 
iwarded.     His  paper  was  subsequently 
-lied,  and  it  is  deserving  of  the  attention  of 
I  S  of  factories,  or  others  employing  a  number 
nk  people  confined  in  one  apartment. — Ba- 
the aiTangement  of  the  steam  pipes  as  be- 
noticed  in  a  few  instances,  as  at  one  very 
work-room  of  one  floor,  at  a  flax  mill  in 
-,  steam  power  is  made  use  of  for  inject- 
le  air  into  the  apartment  by  means  of  a 
111  fan,  the  air  being  previously  warmed, 
issing  it  through  tubes  in  cases  heated  by 
1, — The  drawback  against  the  use  of  steam, 
rming  domestic  buildings,  arises  from  the 
ilty  of  management,  and  that  it  almost  re- 
-  the  presence  of  an  engineer  to  work  it  with 
besides  which,  as  it  is  not  required 
:   mestic  buildings,  as  in  factories,  it  is  only 
ry  peculiar  cases  that  steam  is  made  use  of 
e  former  class.   Hot  water  pipes  were  found 
•  of  easier  management  than  steam,  and 
they  have  gradually  come  to  be  made  use  of 
!  medium  of  heating  when  artificial  heat  is  re- 
i  for  public  or  private  buUdings.  Hot  water 
rstused  in  this  country  to  warm  green-houses, 
as,  however,  previously  used  in  France, 
flescribed  by  M.  Bonnemain  in  the  Diction- 
ji  .  Technologique,  upwards  of  fifty  years  ago. 
:onnemain  also  used  hot  water  for  heating 
lOuses  in  France  serves  chaudes — hot  water 
ifirst  applied  in  Britain  by  the  Marquis  de 
iiannes.    It  is  now  a  good  many  years  since 
lings  in  London  were  first  heated  by  this 
ith  large  pipes ;  both  large  and  small  pipes 
oiowever,  now  in  iise ;  Mr.  E.  Ritchie,  C.E., 
burgh,  first  applied  hot  water  to  heat  a 
tstic  dwelling  in  1826.— In  the  year  1835, 
iratory  to  rebuilding  the  House  of  Com- 
,  which  had  been  destroyed  by  fire,  (sup- 
;  to  have  originated  from  stove  flues  in  the 
e  e  of  Lords) — a  select  committee  was  ap- 
«led  to  take  evidence  as  to  the  best  mode  of 
iriing  and  ventilating  the  new  house.  The 
3stions  of  Dr.  D.  B.  Reid  were  entertained, 
ihis  plan  of  an  experimental  house  was 
N:ed.    From  this  report,  a  question  of  some 
tft  was  mooted,  as  regards  heating,  viz., 
wer  the  air  should  be  pre\'iously  warmed, 
id,  moistened,  and  regulated,  before  it  en- 
the  house?   This  plan,  following  up  the 
■  Jf  Mr.  Strutt,  it  will  at  once  be  observed, 
variance  with  the  plan  generally  adopted 
•lis,  where  the  heat  is  given  to  the  air  by 
tion.    A  question  has  consequently  origin- 
in  which  there  is  much  difference  of  opinion, 
ly,  whether  it  is  better  to  warm  the  air 
a  is  to  raise  the  temperature  of  an  apartment 
given  point  before  admission,  proposing  to 
air  and  heat  combined, — or  whether  it  is 
•r  to  have  the  warming  and  ventilating  i)ro- 
separated,  and  to  raise  the  temperature  of 
M  of  the  apartment  with  heat  radiating  from 
iderately  heated  surface— suppose  hot  water 
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pipes,  and  to  keep  the  ventilating  arrangements 
separated — or  in  other  words,  to  admit  fresh  air 
as  it  exists  without  being  previously  heated,  and 
thus  deprived  of  its  moisture  and  natural  pro- 
perties. A  great  deal  may  be  said  on  both  these 
heads,  but  it  has  been  urged  with  strong  reasons 
that  the  air  itself  is  less  altered  by  the  second 
plan  than  by  the  first.  One  writer,  several  years 
ago,  has  given  his  opinion  very  clearly  upon 
this  subject.  He  states,  "  It  has  been  proposed 
by  some  to  heat  the  external  air  and  throw  it 
into  the  apartments,  in  a  manner  similar  to  some 
kinds  of  stoves,  supposing  that  thus  by  comhininy 
ventilation  with  heating,  it  would  be  more  salu- 
brious. But  this  would  be  obtaining  heat  at  a 
great  expense  of  fuel,  and  be  losing  one  very 
important  advantage  wLich  attends  heating  by 
pipes,  viz.,  that  the  heating  may  be  kept  per- 
fectly separate  from  the  ventilating  process,  so 
that  each  may  be  managed  separately,  and  no 
more  heat  nor  ventilation  given  than  what  is  just 
and  proper.  Whereas,  on  the  other  plan,  there 
must  always  be  nearly  the  same  ventilation  whe- 
ther the  external  air  be  dry  or  damp,  warm  or 
cold — when  damp,  a  great  quantity  of  moisture 
must  be  thrown  into  the  building,  which  wiU 
require  additional  heat  to  suspend  it,  in  order  to 
prevent  it  from  being  injurious ;  and  when  the 
air  is  dry,  the  current  of  air  wDl  carry  in  dust 
along  with  it.  I  would,  therefore,  recommend  pro- 
ducing the  current  from  the  l  arefaction  of  the  air 
within  the  building,  and  ventilating  by  the  window 
or  some  other  proper  openings  for  the  purpose." 
— Both  of  these  methods  are  now  in  general  use, 
for  warming  buildings  with  hot  water.  By  the 
first  plan  cast  iron  pipes,  of  thi'ce  or  four  or  more 
inches  internal  diameter,  are  made  use  of.  These 
pipes,  as  in  the  House  of  Commons,  St.  George's 
Hall,  Liverpool,  and  elsewhere,  are  placed  in  a 
chamber,  and  the  external  air  is  made  to  pass 
over  them,  which,  receiving  heat  from  the  pipes, 
enters  the  building  at  an  increased  temperature  ; 
another  plan  adopted  is,  to  place  these  pipes  in 
flues  or  trenches,  or  under  passages,  as  may  be 
seen  in  churches,  and  the  external  air  is  made  to 
pass  over  these  pipes,  and  thus  receiving  heat 
from  them,  enters  the  building  warmed,  as  in  the 
other  case.  The  water  is  heated  in  a  boiler,  from 
which  it  flows  and  returns  ;  the  pipes  are  usually 
connected  with  what  is  technically  termed  spig 
and  faucet  joints,  but  flange  joints  aro  some- 
times used,  although  the  latter  are  more  generally 
used  for  steam  joints.  As  this  plan  of  heating 
is  so  well  known,  especially  in  conservatories,  it 
is  unnecessary  to  enter  into  further  particulars 
regarding  it.  —  Various  buildings  have  been 
heated  by  Mr.  R.  Ritchie,  C.E.,  Edinburgh,  some 
of  which  may  be  noticed,  combining  both  of  the 
preceding  arrangements,  viz.,  the  Commercial 
Bank  and  Police  Buildings,  Edinburgh ;  the 
Justiciary  Court  and  St.  Matthew's  Free  Church, 
Glasgow.  In  these  buildings,  Perkins'  ingenious 
patent,  of  pipes  four  inches  bore  with  screw  joints, 
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is  used.  By  this  plan  no  boiler  is  required  and 
a  great  saving  of  fuel  is  effected.  Sometimes 
the  large  hot  water  pipes  are  exposed  in  apart- 
ments to  heat  them,  as  is  done  with  steam  pipes 
in  factories  ;  but  this  is  rarely  done  and  is  very 
unseemly.  The  defects  arising  from  the  mode  of 
heating  with  air,  either  heated  by  hot  water  or 
steam — even  supposing  the  plan  in  principle 
more  scientifically  correct  than  by  exposing  the 
heated  surface — have  already  been  noticed.  Prac- 
tically, the  plan  of  heating  by  air  flues  has 
been  found  to  be  attended  with  many  inconve- 
niences, such  as  reverse  cun-ents — the  difficulty 
of  getting  fresh  air  from  a  pure  source,  as  it  is 
often  obliged  to  be  taken  from  sunk  areas — 
smells  entering  through  the  flues  into  the  build- 
ing—  while  the  heated  air  flowing  into  the 
church  or  apartment,  through  gratings  trod 
upon  (being  generally  placed  in  the  floor),  brings 
in  with  it  dust  or  smoke.  Another  point  con- 
nected with  this  mode  of  heating,  is  the  waste 
of  fuel  which  arises  from  the  pipes  being  sunk 
in  trenches  or  chambers — as  no  heat  can  be 
given  out  until  the  whole  water  in  the  pipes  is 
heated.  The  application  of  hot  water  to  heat 
domestic  buildings  would  have  made  but  little 
progress,  however  useful  the  large  pipe  system 
in  some  respects  is — more  especially  for  green- 
houses— had  it  not  been  for  the  very  ingenious 
inventions  of  Mr.  A.  M.  Perkins  of  London, 
who,  several  years  ago,  brought  out  his  patent 
apparatus  for  heating  buildings  of  eveiy  descrip- 
tion with  hot  water  by  means'  of  pipes  only 
one  inch  external  diameter.  These  pipes  are 
made  of  the  finest  and  most  ductile  kind  of 
malleable  iron;  they  admit  of  being  bent  cold 
into  any  form  required,  and  thus  can  be  easily 
combined  with  architectural  arrangements. — Sir. 
C.  J.  Richardson,  Fellow  of  the  Royal  Insti- 
tute of  British  Architects,  London,  who  has 
written  an  excellent  treatise  on  warming  and 
ventilating  buildings,  and  who  has  expressed 
himself  very  strongly  in  favour  of  Mr.  Perkins' 
ingenious  contrivance,  remarks  that  "the  perni- 
cious system  of  warm  air  stoves,  and  the  costly 
and  therefore  unattainable  one  of  steam,  have 
been  superseded  in  a  great  measure  by  the  more 
simple  and  less  expensive  method  of  a  circulation 
of  hot  water  through  iron  tubes."— It  is  some- 
what singular  that  Seneca,  the  Roman  writer, 
describes  very  accurately  a  contrivance,  a  tube 
called  Draco  (a  serpent)  for  heating  tlie  warm 
water  for  baths— the  Pisccna  of  the  Therma3— 
which  bears  a  great  resemblance  to  the  useful 
invention  of  Mr.  Perkins,  inasmuch  as  by  both 
plans  a  boiler  is  dispensed  with.  It  niay, 
however,  be  necessary  to  state,  that  very  im- 
portant improvements  have  been  made  in  the 
latter  since  it  was  first  brought  forward.  In 
London,  this  mode  of  heating  has  been  largely 
adopted  at  a  variety  of  buildings,  and  applied 
to  different  purposes  where  heat  is  required. 
The  great  extent  of  pipe  (above  60,000  feet) 
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and  the  number  of  furnaces  (above  70)  erected 
at  the  British  Museum,  and  its  durability  and 
continued  use  there,  are  the  strongest  proofs  of 
its  manifest  and  numerous  advantages.  Such 
is  the  improvement  on  this  apparatus,  that  about 
a  mile  of  pipe  of  this  small  diameter  can  now 
be  heated  by  one  fire,  which  might  almost  ap- 
pear incredible  if  examples  could  not  be  shown. 
This  plan  of  heating  with  hot  water  admits  of 
almost  endless  arrangements, — it  can  either  be 
made  use  of  to  warm  the  external  air  previous 
to  its  admission,  as  already  noticed,  or  to  give 
off"  its  heat  by  radiation  within  the  apartment, 
or  fresh  air  may  be  made  to  pass  through  a 
coil  of  pipe  placed  in  a  room,  as  recommendo  ! 
by  the  late  Dr.  Combe.  Mr.  Perkins  has  r.. 
cently  made  still  further  useful  improvements, 
under  a  recent  patent,  in  his  invention,  185G, 
— by  which  the  older  systems  of  heated  water 
in  large  pipes  is  combined,  or  connected  with 
the  small, — these  improvements  have  been  lately 
noticed  in  the  last  edition  of  Mr.  Richardson'i 
work.  As  respects  the  small  pipe  sj^stem,  hi 
remarks,  "that  the  superiority  of  Mr.  Perkins' 
apparatus  consists  in  this, — that  the  pipes,  whicl 
form  a  continuous  or  endless  tube,  are  redu 
in  size,  and  a  ver}-^  small  quantity  of  water 
required,  (compared  with  the  common  system] 
M'hich,  circulating  with 
great  rapidity,  efl'ectu- 
ally  takes  up  the  heat 
from  the  furnace,  and 
transmits  it  to  any 
height  in  a  building,  or 
in  anj'  direction  to  a 
considerable  distance ; 
the  furnace  being  placed 
in  any  convenient  spot, 
either  within  or  without 
the  structure.  The  ap- 
paratus thus  combiues 
before  all  other  the  great 
requisites  of  compact- 
ness, utility,  and  fru- 
gality, and  possesses  the 
power  of  adaptation  to 
all  situations,  interfer- 
ing in  no  respect  with 
architectural  arrange- 
ments. In  the  hands 
of  tke  architect,  it  is 
capable  of  being  adapted 
to  any  building  in  con- 
sequence of  the  small 
space  it  requires,  and 
from  the  rapid  circulation  it  is  capable  of  wanv 
ing  even  the  largest  brilding  very  eflicicntly 
Fig.  1  Avill  explain  the  principle— but  the  arranc: 
mcnt  of  such  an  apparatus  must  be  cndle.^^ 
varied  to  suit  objects  and  circumstances. 
Richardson  also  mentions  that  such  is  the  i 
of  this  mode  of  heating,  that  l^Ir.  Bcauin" 
Managing  Director  of  tlic  County  Fire  Offi 
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don,  states  to  Mr.  Perkins  that  the  Directors 
luU  office  are  so  satisfied  with  its  absence  of 
langer,  that  thej-  readily  accept  insurance  on 
lings  at  the  lowest  rate  of  premium. — The 

ring  a  circulation  of  water  through  such 
i!  tubes  is  obtained  bv  the  extreme  expansi- 
y  of  water.  Tlie  relative  specific  gravities 
only  to  be  considered,  which  two  columns 
i-ater  must  bear  to  each  other— one  column 
ing  been  rendered  lighter  by  the  application 
?at,  which  expands  it.— The  air  being  pumped 
of  the  tubes,  they  are  then  filled  with  water. 

apparatus  being  now  ready  for  use,  the  fire 
le  furnace  is  lighted,  the  effect  of  which  is, 
uise  the  particles  of  the  water  to  expand,  and 
miug  ligiiter,  they  rise  rapidly  in  the  flow 
cending  pipe,  and  parting  with  their  caloric 
adiation  as  they  pass  onwards,  thev  come 

to  the  furnace  by  the  return  pipe.  By 
Qs  of  the  heated  particles  ascending  and  their 
3  being  supplied  by  colder  ones,— those  that 
'  already  parted  with  their  caloric  in  their 
ird_  progress  through  the  pipes,— a  constant 
ilation  is  maintained.  Provision  is  made  for 
expansion  of  the  water,  which  is  regulated 
11  uniform  law.  The  movement  of  the  water 
i!Xh  the  pipes  has  been  compared  with  the 
lation  of  the  blood  in  the  human  frame, 
vater  in  the  tubes  having  a  somewhat  simi- 
aovement  with  the  blood  in  the  arteries  and 
i— The  small  pipe  system  of  heating  has  no- 
■e  been  more  successful  in  its  various  applica- 
.  than  when  applied  by  Mr.  R.  Ritchie,  C.E., 
Imrgh,  who  is  also  Mr.  Perkins'  agent, 
n.  has  effected  various  improvements  on  it, 

to  increase  the  utility  and  facilities  of  the 
Jigement  of  the  apparatus.   He  has  proved  its 

capabilities  as  an  agent  for  diffusing  heat 
5.economizing  fuel.  At  Stewart's  Hospital, 
■'burgh,  he  has  made  one  fire  heat  about 
0  feet  of  pipe,— a  large  coil,  amongst  others, 
'Mg  heated  at  150  feet  from  the  fire.  At  the 
tster  House,  he  has  heated  a  large  extent 
^P^— as  also  at  the  Signet  Librarv,  where 
JtUity  and  economy  of  this  mode  of  heat- 
9  tally  shown.  At  the  College  Museum,  an 
•isive  range  of  pipes  has  been  heated  by  him 
'veral  coils  from  one  fire,  which  is  made  to 
Doth  the  upper  and  under  Museum.    In"-  2 
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J  LTfM"^  ''3  there 

•  ^"  «™»mcntal  case  with  a  marble  orotlier 
The  pipca  are  also  carried  round  rooms,  ns 


shown.    A  still  larger  application  of  this  prin- 
ciple has  been  carried  out  by  Mr.  11.  Ritchie 
at  the  College  Libraiy,  where,  as  previously 
mentioned,  more  than  one  mile  of  pipe  is  heated 
by  two  furnaces.    This  mode  of  heating  has 
given  great  satisfaction,  as  has  been  acknow- 
ledged not  onlj-  from  its  increased  salubrity  and 
comfort,  but  by  the  preservation  of  books,  keeping 
them  free  from  damp,  smoke,  and  dust.    A  still 
further  application  of  this  principle— of  heating  ii 
great  extentof  pipe  from  an  ordinaiy  sized  furnace, 
Ovhich  in  ten  hours  will  consume  little  more  than 
one  cwt.  of  fuel),  has  been  carried  out  by  Mr.  R. 
Ritchie  at  the  Lunatic  Asylum,  Aberdeen,  where 
he  has  heated  two  wings  of  a  building  of  150  feet 
each,  two  storej-s  high,  with  about  4,000  feet  of 
pipes  from  one  fire.    Other  two  wings  at  tlie 
same  building  are  heated  in  a  similar  manner — 
and  this  method  of  heating  has  been  can-ied  by 
him  successfully  into  operation,  to  a  great  extent, 
at  this  Asylum  and  other  buildings  at  Aberdeen. 
Tlie  economy  of  fuel  by  this  mode  of  heating 
must  be  at  once  apparent.     The  whole  of  the 
academy  at  Bathgate,  heated  in  this  manner, 
from  one  fire,  hardly  exceeds  for  fuel  fivepence 
per  day.    It  may  indeed  excite  surprise,  that 
these  things  are  accomplished.    Mr.  R.  Ritchie 
is  also  of  opinion  that  he  could  heat  a  much 
greater  extent  than  has  yet  been  done  by  this 
invention— that  almost  any  building  could  be 
heated  by  one  fire,  by  which  a  great  saving  of 
expense  for  fuel  and  trouble  in  the  management 
would  be  effected.— Mr.  Richardson  remarks  of 
this  system  of  heating  that,  "  the  most  ignorant 
domestic  is  capable  of  conducting  it,  and  the 
small  expense  of  fuel  used,  in  proportion  to  the 
effect  produced,  combine  so  many  recommenda- 
tions of  this  system,  that,  sooner  or  later,  it  will 
be  universally  adopted,  and  the  more  intelligent 
portion  of  the  community  will  countenance  it  at 
a  very  early  period."— Fen<i7a</ow.— It  is  at  all 
times  important  to  consider  that,  whatever  plan 
of  heating  is  adopted,  due  regard  should  be  paid 
to  the  ventilation  as  well  as  the  hvgrometrical 
condition  of  the  air,  and  imparting"  moisture  1o 
it  when  necessary.    This  subject  will  be  fully 
treated  of  under  the  head  of  Vkntilation, 

Mclbc.   One  of  the  Asteroids.  For  Elcment.s, 
&c.,  see  Asteroids. 

Heliacal.    See  Aciiromical. 
Heliocentric.    The  position  of  a  cclcstinl 
body  as  seen  from  the  Sun,  instead  of  from  the 
Earth,  is  its  Heliocentric  position,  in  oispositiou 
to  its  Geocentric. 

IScIiometcr.  A  name  given  originally  to  a 
small  telescope  used  in  measuring  the  diameter 
of  the  Sun,  but  which  suggested  a  principle'  that 
has  recently  been  applied  in  the  construction  of 
several  of  the  largest  and  most  important  instru- 
ments now  belonging  to  I'racliciil  Astronomy. 
The  distinguishing  ciiaracteristic  of  tlioold  Hcii- 
ometer  was  tliis— eillier  the  small  object-glasa 
was  cut  into  two  parts  through  a  diameter,  these 
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two  parts  being  relatively  moveable ;  or,  in  front 
of  the  simple  object-glass,  aDoUard's  double  image 
micrometer  could  be  placed.  See  Micrometer. 
So  soon  as  art  had  reached  the  power  to  execute 
its  requirements,  it  became  evident  that  the  same 
contrivance  might  be  taken  advantage  of,  in  the 
case  of  object-glasses  of  any  size,  and,  therefore, 
of  telescopes  of  the  highest  efficiency ;  and  it  ap- 
peared as  well,  that  the  Heliometer,  if  capable  of 
measuring  the  diameter  of  the  Sun,  might  equally 
measure  the  distances  and  relative  positions  of  any 


two  stars.  The  achievement  demanded  from  art, 
was  first  accomplished  by  Frauenhofer,  who  con- 
structed the  great  instrument  that  produced  results 
so  signal  in  the  hands  of  Bessel ;  and  his  rather  dar- 
ing example  has  been  most  successfully  followed 
since  by  Merz  and  Repsold.  That  our  description  of 
this  most  valuable  instrument  may  be  sufficiently 
palpable,  we  present  the  reader  with  a  view  of 
the  Heliometer  at  Oxford,  constructed  by  the 
Mechanician  of  Hamburg,  and  at  present  under 
the  management  of  Professor  Manuel  Johnson. 


The  telescope,  it  will  be  seen,  is  mounted  as  an 
Equatorial — the  hour  circle  being  at  tlic  top  of 
the  pillar,  and  the  declination  circle  at  one 
end  of  the  axis — both  quite  within  reach  of  the 
observer,  whose  place  of  course  is  near  the  03  0- 
piece.  It  is  evident  that  every  adjustment 
reqiusite  for  the  Equatorial,  is  requisite  in  the  case 


of  the  Heliometer,  and  that  no  correction  n 
sary  for  the  fonner  can  be  dispensed  with  in 
use  of  the  latter  instniment.   These  corrections, 
■we  shall  soon  sec,  are  considerably  more  compl" 
nor  is  it  to  be  concealed,  that  the  labour  of  us' 
one  Heliometer  aright,  arising  from  such  causes  1 
the  great,  if  not  the  only  practical  objection 
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t  Instrument.    The  peculiaritj'  of  the  Helio- 
or  will  be  easilj-  understood  by  aid  of  the  sub- 
lod  cut,  which  represents  its  divided  object- 
.  In  tlie  Oxford  Instrument,  the  object-glass 


Fig.  2. 

'■5  inches  in  diameter,  and  has  a  focal  length 
0'5  feet.  That  glass,  as  the  figure  shows,  is  cut 
)  two  semicircles,  e  and  f,  by  a  section  along 
liameter ;  and  these  two  pieces  can  be  made  to 
e  along  their  common  section,  or  to  alter  their 
;iition  in  regard  to  each  other,  by  the  screws 
3  and  H  H, — screws  that  have  micrometer  or 
■sly  graduated  heads,  which,  in  connection  with 
--  scales  at  c  and  d,  indicate  how  far  the  centres 
Ae  semicircles  are  at  any  time  apart.  When  the 
•1  semi-object-glasses  are  in  the  position  shown 
the  cut,  they  are  virtually  one  object-glass, 
1,  therefore,  form  one  image  of  a  star  or  other 
vernal  magnitude,  in  the  focus  ;  but  when  the 
•■tres  of  the  two  pieces  are  apart,  each  semi- 
ect-glass  has  a  focus  of  its  own,  and  two 
iiges  are  consequently  formed,  whose  apparent 
tances  from  each  other,  correspond  with  the 
^nces  of  these  centres.  Conversely,  when 
centres  coincide,  two  stars  will  form  two 
•ges  in  the  focus,  whose  distance  and  relative 
Mtion  correspond  with  the  angular  distance 
I  relative  direction  of  the  actual  bodies ;  and 
IS  easy  to  see,  that  by  screwing  the  centres 
ly  from  each  other,  these  images  may  be 
.ught  nearer  and  nearer,  until  thev  lie  in  the 
le  vertical  line.  If  the  whole  frame  con- 
'iing  the  object-glass  could  be  turned  suffi- 
Uly  round,  the  two  images  might  be  made  to 
cur  as  to  direction  also,  in  other  words,  to 
wde  and  form  one  image  in  the  focus  of  the 
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Heliom'cter.  This  coincidence  established, — an 
operation  easily  effected  by  means  of  the  handlw 
of  the  riooke's  joints  represented  in  fig.  1 — tlic 
Obsers'er  has  simply  to  examine  the  state  of  his 
Instrument ;  and  this  will  indicate  the  angular 
distance  and  relative  position  of  the  two  stars. 
The  amount  by  which  the  whole  object-piece 
has  been  turned  round,  is  indicated  on  the  circle 
surrounding  the  tube  of  the  telescope  a  little  way 
above  the  eye-piece.  And  the  distance  of  the 
centres — con-esponding  to  the  angular  distance  of 
the  stars,  can  be  read  off  by  the  observer  at  the 
eye-piece  also,  through  the  two  subsidiary  tubes 
in  the  cut,  by  aid  of  an  aiTangement  within  the 
tube  for  illuminating  the  scales  by  the  Electric 
Light.  Nothing  can  exceed  the  ingenuity  dis- 
played by  M.  Eepsold  in  the  construction  of  this 
superb  instrument.  Only  to  one  other  peculiarity, 
but  that  a  very  important  one,  can  we  allude 
here.  In  all  previous  structures  of  this  kind,  the 
plate  A  A,  B  B,  on  whose  sm-face  the  semi-object 
was  plane  or  Jlat ;  Eepsold  felt  that  the  foci  of 
the  two  segments  could  not,  in  such  an  arrange- 
ment, fall  at  the  same  distance  from  the  observer's 
eye,  when  the  centres  were  apart ;  and  he  applied 
an  effectual  remedy  hy  curving  these  plates — 
their  radius  of  curvature  being  the  focal  length 
of  the  object-glass.  It  need  not  be  intimated  to 
the  experienced  observer,  that  the  care  requisite 
for  the  true  use  of  the  Heliometer  must  be  of  the 
highest  order,  and  that  the  con-ecAions  needed  to 
reduce  its  rough  results  are  numerous.  The 
more  complex  any  instrument,  the  more  do  these 
corrections  multiply ;  and,  in  the  case  before  us, 
we  have,  in  addition  to  the  errors  of  the  common 
equatorial,  to  verify  several  micrometer  screws, 
and  to  determine  the  exact  representations  in 
angular  distances,  of  the  di\dsions  of  several 
scales.  Further,  there  is  the  great  question  of 
flexure — not  the  mere  flexure  of  the  telescope  in 
length,  but  which,  in  this  case,  is  of  much  more 
consequence,  the  flexm-e  of  the  declination-axis ; 
this  latter  flexure  must  be  considerable,  on 
account  of  the  great  weight  of  the  Telescope,  and 
it  is  of  the  gi-eatest  importance  to  detect  it  accu- 
rately, because  it  directly  affects  the  precision 
with  which  the  Heliometer  indicates  the  relative 
position  of  two  stars.  For  a  curious  and  acute 
elimination  of  this  source  of  error  by  Professor 
Johnson,  we  refer  to  the  Radclijfe  Observations 
for  1851,  in  which  volume,  and  the  previous  one. 
the  structure  and  use  of  tlie  Oxford  Heliometer 
are  most  ably  discussed  at  large.  The  student 
should  also  peruse  the  famous  Memoir  by  Bessel, 
in  the  Konigsherg  Observations ;  or  the  disserta- 
tion by  Brunow  in  his  Spuzische  Astronomie. — 
The  Heliometer  is  especially  applicable  to  investi- 
gations of  the  multiple  stars ;  although  its  merits, 
compared  with  those  of  the  position  Micrometer, 
are  not  yet  fidly  determined.  Professor  Johnson 
has  recently  shown  in  an  elaborate  Memoir  its 
remarkable  adaptability  to  Photomcirical  deter- 
minations. See  Radcliffe  Observations. 
3  2  F 


HEL 

Ilcliostnt.  An  instrument  indispensable  to 
every  one  engaged  in  higher  optical  research. 
Its  object  is  to  make  a  solar  beam  stationary,  or 
apparently  stationary ;  in  other  words,  to  'pre- 
serve its  direction  invariable,  notwithstanding  the 
motion  of  the  Sun  in  the  heavens.  It  is  evident 
that  the  possession  of  such  an  instrument  must 
be  of  the  last  importance,  so  that  an  analysis  of 
the  solar  beam  be  conducted  without  embarrass- 
ment. The  construction  of  Heliostats  is  vari- 
ous; but  the  principle  is  the  same  in  all,  viz., 
that  of  the  Equatorial  Telescope.  A  reflecting 
surface  attached  to  a  polar  axis,  moved  by 
clock-work  at  the  rate  of  the  sun's  diurnal  velocity : 
the  ray  obtained  fi-om  this  surface  is  necessarily 
constant  in  direction;  and  this  ray  is  again 
turned  by  a  second  and  fixed  mirror,  as  the 
observer  desires. 

Heliotrope.  A  valuable  instrument  much 
used  abroad  in  Geodetic  surveys.  Its  objects  are  to 
enable  the  surveyer  to  transmit  signals  of  reflected 
light  from  one  station  to  another,  and  readily  to 
discern  those  transmitted.  Its  most  convenient 
form  has  been  given  it  by  M.  Merz  of  Munich, 

Hemisphere.  Half  of  a  sphere.  The  Earth 
is  divided  into  two  hemispheres,  the  Northern 
and  Southern.  The  line  of  division  is  a  great 
circle,  the  Equator,  perpendicular  to  the  line  of 
the  poles. — It  is  a  remarkable  fact  that  the 
Earth  can  be  divided  into  two  hemispheres, 
one  of  which  shall  contain  almost  all  the  land, 
and  another,  almost  all  the  luater  on  its  surface. 
The  harbour  of  Falmouth  is  very  nearly  in  the 
centre  of  the  terrene  liemisphere.  This  goes,  so 
far,  to  explain  the  pre-eminence  attained  by 
London  and  the  English  ports  generally,  in 
mercantile  aCfairs.  Sir  Jolm  Herschel  infers 
that  the  protruding  half  must  be  lighter  than 
the  other,  and  that,  therefore,  the  globe  cannot 
have  equally  dense  hemispheres. 

Hercules.  An  old  constellation  which  Ara- 
tus,  Hyginus,  and  Ptolemy,  describe  as  hyovuffiv, 
and  which  the  poet  Aratus  says  is  "a  figure  like 
that  of  a  man  in  sorrow."  It  lies  between  Lyra, 
Ophiucus.  Draco,  and  Bootes.  It  has  no  stars 
above  the  third  magnitude.  An  extremely  rich 
and  brilliant  cluster  of  stars,  or  Nebula,  is  in  this 
constellation. 

Hermcticnl.  A  word  taken  from  the  lan- 
guage of  the  old  alchemists,  who  regarded  the 
Egyptian  Hermes,  or  Thaat,  as  the  inventor  of 
all  arts,  and  especially  of  chemistry.  Hermeti- 
cally, means  exaclli/,  and  is  chiefly  applied  to  tiic 
closing  up  of  vessels  which  contain  substances 
capable  of  dissipation  by  evaporation  or  other- 
wise. Thpy  are  said  to  be  hermetically  sealed, 
when  no  air  can  enter  the  vessel.  A  glass  vessel 
is  hermetically  scaled,  when,  by  means  of  the 
blowpipe,  its  moutli  is  completely  closed. 

Herschel.    See  Uhanus. 

Heteroftcia.  (I'cojile  with  dilferent  shadows.) 
An  old  term  api)licd  to  those  whose  shadows  are 
always  in  diflbrcnt  directions.    Those  dwelling 


HOR 

in  the  torrid  zone  have  their  shadows  changing 
in  direction  all  round  the  compass.  Hence,  no 
heteroscii  to  each  other  can  be  found  there. 
People  in  the  northern  hemisphere  be}-ond  the 
tropics,  have  their  shadow  always  turned  to  the 
north,  and  those  in  the  southern,  beyond  the 
tropic,  always  to  the  south.  Hence,  in  a  general 
way,  these  parts  of  each  hemispiiere  may  be  con- 
sidered "  heteroscii "  to  each  other. 

Horizon.    When  we  stand  at  any  height 
above  the  ground,  if  it  be  level,  we  see  a  con- 
siderable portion  of  its  surface.    If  we  stand 
higher  (see  Dip),  we  see  more  of  it,  but  in  all 
cases  we  are  stopped  somewhere,  by  the  .spheri- 
city of  the  Earth's  mass.    We  cannot  see  round 
it  beyond  a  certain  point;  and  the  rim  which 
marks  the  outmost  limit  of  the  Earth  visible  to  us, 
— where  our  line  of  vision  no  longer  can  strike  its 
surface,  but  onlj'  stretch awiiy  into  space — is  called 
the  horizon.    We  can  understand  readily  that,  as 
the  Earth  is  regular  in  its  spherical  form,  this 
line  should,  except  where  local  irregularities 
break  it,  be  circular.    From  our  ordinary  eleva- 
tion; there  does  not  appear  any  sphericity  in  the 
Earth,  and  the  horizon,  the  sensible  horizon,  ap- 
pears, therefore,  a  plane  with  a  circular  rim.  It 
is  just  the  plane  tangent  to  the  surface  at  the 
point  where  we  touch  it,  or  very  nearly  so.  The 
term  is  used  indiiferently  for  the  plane,  and  for 
its  circular  edge.   Considering  the  enormous  dis- 
tance of  the  heavenly  bodies,  it  would  make  very 
little  difference  in  respect  to  them  whetlier  we 
suppose  that  plane  passing  through  the  centre  of 
the  Earth,  or  over  its  surface.  The  two  planes  are 
parallel,  and  at  the  constant  distance  of  nearly 
4,000  miles  (a  semi-diameter);  but  at  the  remote- 
ness of  the  stars,  4,000  miles  is  imperceptible.  For 
the  moon  and  the  nearer  planets  there  is  greater 
difference,  but  the  rational  or  celestial  horizon,  as 
it  is  called,  is  still  used  in  observations;  and  where 
needful,  observations  are  reduced  to  it,  by  the 
geocentric  and  parallax  corrections  being  made. — 
When — through  mists,  or  clouds,  or  darkness,  or 
whatever  other  cause — it  is  impossible  to  see  the 
horizon,  so  that  we  cannot  take  the  altitude  of 
any  object,  an  ingenious  optical  contrivance 
(jirtificial  horizon)  employed,  is  this: — A  vessel 
of  mercury  is  set  down,  floating  horizontally 
(a  horizontal  mirror);  and  the  object  to  !« 
observed  is  looked  at  through  a  telcscojie  with 
a  graduated  circle  attached.    Its  image  is  next 
looked  at  with  the  same  lelc'copeT  the  circle 
remaining,  meanwhile,  fixed,  and  the  telescope 
moving  in  a  plane.    The  reading  of  the  angular 
space  through  which  it  has  moved  from  the  posi- 
tion Avbcre  it  viewed  the  star,  to  that  where  its 
reflection  was  seen,  is  then  carefully  noted ;  and, 
according  to  the  easily  understood  theori'  of 
mirrors  (Oatoptiucs),  the  half  of  this  gives  the 
accurate  altitude  of  the  star  above  the  horizon. 

Iloroloj;)-.  An  explanation  of  the  principles 
of  the  measurement  of  time.  See  Cale.n'dab, 
Dialling,  Clepsydr.*,  &c 
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IToroplcr.  The  surface  of  single  vision 
corresponding  to  any  given  binocular  pai'allax, 
is  called  the  Uoropter.  For  a  full  explanation 
see  Parallax  Binocular. 

Horse  Power.  A  power  capable  of  raising 
33,000  lbs.  through  one  foot  per  minute.  When 
an  engine  is  said  to  be  of  so  many  horsepower,  it 
is  meant  that  it  could  lift  so  many  times  33,000 
lbs.  through  a  foot  in  a  minute. 
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Hour  Angle.  The  angle  between  the  hour 
circle  suited  to  any  given  body,  and  che  meridian 
of  the  place  of  observation. 

Hour  Circle.  A  circle  in  the  heavens  pass- 
ing through  the  position  of  any  body,  and  the 
poles  of  the  heavens. 

Syades.  (The  rainy.)  A  constellation  form- 
ing the  forehead  and  eye  of  Taurus.  It  has  five 
stars  visible  to  the  naked  eye.  Some  of  the  an- 
cients saw  seven.  They  are  arranged  in  the  form 
of  the  letter  V,  a  and  s  Tauri  being  at  the  ex- 
tremities;  y  at  the  angular  point;  $  Tami 
between  a  and  y  Tauri ;  and  S  between  £  and  y. 
The  star  a.  Tauri  is  Aldebaran. 

Hydra.  An  old  constellation,  sometimes  erro- 
neously called  also  Hydrus.  It  is  represented  as  a 
long  snake  trailing  on  the  groimd,  carrying  on 
his  back  a  Goblet  (Crater),  and  near  his  tail  a 
Ciow  (Corvus).  It  is  usually,  from  its  great 
length,  divided  into  four  parts :  Hydra,  the  head, 
all  near  to,  and  south  of  Eegulus;  Hydra  et 
Crater;  Hydra  et  Cor^^us;  and" Hydra  continu- 
atio,  containing  the  tail.  The  star  a.  Hydrte  is 
of  the  second  magnitude. 

Hj-ilranlic  Press ;  or  the  Bramafa  Press, 
from  its  inventor's  name.    The  suggestion  of  this 
instrument  is  claimed  for  Pascal,  but  however 
that  may  be,  it  was  not  actually  constructed  be- 
I  fore  Mr.  Bramah  took  out  his  patent  in  1796. 

It  rests  upon  the  well-known  hydrostatical  prin- 
'  ciple,  that  when  a  mass  of  fluid  is  in  equilibrium, 
I  pressure  applied  at  any  part  of  it  is  transmitted 
<  over  Its  whole  mass,  and  each  particle  sustains 
t  the  same  pressure  as  every  other  particle.    It  is 
used  for  producing  powerful  compression  over  a 
large  surface,  for  raising  weights,  for  drawing  up 
t  trees  from  the  roots,  or  raising  the  piles  of  worn 
out  bridges  from  river  beds :  and,  in  fact,  every- 
'  '^^^  ttiat  we  wish  to  applv  forces  readily  to  a 
^  work  where  we  cannot  bring  them  directlv  to 
Oear,  or  desire  to  apply  them  over  a  large  sur- 
i  lace,  when  we  cannot  readily  applv  them  im- 
•  mediately,  the  Bramaii  press  may  be  made  use 
In  Its  simplest  form,  it  consists  of  a  large 
■  piston  moving  in  a  water-tight  cvlinder,  the 
'  bottom  of  which  is  filled  witli  water;  wiiich  also 
-  commuincatcs  by  tubes  filled  witli  water,  with 

ml  ^''^  Of  '1  Sf^a"  forcing 

pump,  riie  water  in  this  last  is  submitted  to 
any  pressure  we  may  wish  to  apply;  and 
t  ia  being  transmitted  to  the  large  piston,  lifts 
be.onnT',"^'-'^^""^'  "'^^  whatever  may 
hke all  other  machines,  no  creator  of  effect,  but  a 
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mere  distributor  of  it.    Indeed,  the  whole  work 
it  does,  is  first  given  to  it;  although,  as  the 
actual  exertion  at  the  pump  does  not  require  to 
rise  higher  than  the  pressure,  it  does  not  appear 
to  have  been  so.    The  apjwrent  gain  of  power  is 
just  in  proportion  to  the  difference  of  areas  of  the 
sections  of  the  pump  and  of  the  cylinder.    If  the 
one,  for  example,  have  a  radius  of  only  one- 
fourth  of  an  inch,  and  the  other  one  of  ten  "inches, 
— the  area,  being  in  the  proportion  of  the  squares 
of  the  linear  dimensions,  will  be  as  1  to  1,600, 
and  the  apparent  gain  will  be  exactly  propor- 
tional to  this  difference. — The  hydraulic  press 
has  been  used,  of  late  years,  very  efficiently  in 
raising  those  enormous  masses  of  iron,  contained  in 
tubular  bridges,  to  the  height  at  which  they  must 
be  finally  placed  above  the  level  of  the  water. 
It  has  done  this,  with  the  greatest  ease, — raising 
them  en  masse.    Its  almost  unlimited  capacities 
promise  to  be  yet  more  fully  recognized. 

Hydranlics  include  the  study  of  the  pheno- 
mena of  fluids  in  motion,  and  of  the  methods  of 
obtaining  from  these,  useful  results.  We  shall 
speak  here  only  of  incompressible  fluids  like 
water,  which  are  called  liquids.  The  subject  is 
divisible  into  four  parts;  1st,  the  laws  of  the 
efiluence  of  water  contained  in  a  reservoir ;  2d, 
of  running  waters  ;  3d,  of  the  use  of  water  as  a 
motive  power;  4th,  of  machines  for  raising  water. 

(1.)  Of  Effluence  or  Discharge. — First.  Let 
the  reservoir  be  constantly  full  of  water.  The 
opening  by  which  the  water  flows   out,  is 
sometimes  completely  covered  by  the  fluid,  and 
is  then  called  an  orifice ;  sometimes  it  is  not 
limited  above,  and  is  called  a  weir,  or  sluice. 
If  the  orifice  be  in  a  wall  whose  thickness  is 
less  than  half  the  smallest  dimension  of  the 
orifice,  it  is  said  to  be  in  thin  waU ;  in  other 
cases,  it  is  supplied  with  a  spout,  sometimes 
cylindrical,  but  generally  conical  ai]d  conver- 
gent.   The  vertical  distance  of  the  surface  of 
the  fluid,  from  the  centre  of  gravity  of  the 
orifice,  is  the  charge  of  ivaler  on  the  orifice, 
to  which  the  efflux  is  due.    Let  h  be  the 
charge   of  water;   v,  the  mean  velocity  of 
efflux;  and  g  =  32-2,  the  velocity  acquu'ed  by 
falling  bodies  in  a  second.    In  the  case  of  an 
orifice  with  thin  wall,  v  =  VT^IT;  that  is,  the 
velocities  are  proportional  to  the  square  roots  of 
the  charges.     Let  q  =  waste  of  water  per 
second,  m  a  constant  co-efficient,  s  the  surface 
of  tlie  orifice  ;  then  q  =  w  v  s  =  m  s  s/  2  g  n. 
m  being  equal  to  -62  in  oriliccs  with  thin 
walls,  which  gives  Q  =  4'98  V  h. — In  orifices 
which  have  a  cjdindrical  spout,  equal  in  length 
to  three  or  four  times  the  smallest  dimension  of 
eth  orifice  at  least,  and  where  the  efflux  is  from 
the  whole  moiitli,  and  not  merely  from  its  lower 
part  V  =  -82  V  2  g  it,  and  tlie  waste  of  water 
Q  =  -82  X  8  V  2  g  11  =  0-58  VThT  The 
conical,  convergent  spouts,  made  use  of  in  public 
worlcs,  whoso  inclination  is  about  10°  or  12° 
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diiiiinish  but  vefy  slightly  the  total  waste  of 
\vater  and  the  effective  ^elocity,  through  the 
fluid  friction.  They  are  about  -98  of  the  theo- 
retical waste  and  velocity.  Conical  divergent 
spouts  (which  are,  however,  little  used)  are  capable 
of  doubling  the  waste  of  water  due  to  orifices  in 
tliin  walls.  "When  the  charge  on  the  centre  of  the 
orifice  is  very  feeble  in  proportion  to  the  height 
of  it,  the  mean  velocity  of  efflux  is  a  little  less 

than  that  given  by  the  formula}  above  If,  at 

the  upper  part  of  one  of  the  walls  of  a  reservoir, 
a  rectangular  opening  is  made,  whose  base  is 
liovizontal,  the  water  of  the  reservoir  (which,  we 
suppose  to  be  always  kept  quite  full)  will  fall  in 
a  sheet  over  this  base  or  ground.  Let  n  be 
the  charge  of  water  on  the  base  I,  the  width  of 
the  opening,  l  the  width  of  a  reservoir,  q  the 

waste  of  water.  —  For  I  smaller  than  ^,  we  have 
  3 

'J  =  (3-04)  1-77  ;  H  V  H.  For  Z  —  l  as  in  an 
ordinary  wen-  or  dam,  q  =  (3  -39)  1-96  l  ii  V~n^ 
and  for  intermediate  values  of  I,  the  co-efficient  of 
Q  will  vary  from  1-77  to  1-96. — Let  us  now  con- 
sider the  case  of  a  reservoir  which  is  emptying 
itself— not  Iteeping  at  constant  level.  The  prob- 
lems connected  with  this  case  are  readily  solved 
by  help  of  the  preceding  data,  and  the  following 
theorem ; — the  volume  of  water  which  flows  out 
fi'om  any  orifice  of  a  prismatic  vessel,  which 
empties  itself  until  it  is  completely  dry,  is  only 
half  what  it  would  have  been,  during  the  time 
tliat  the  vessel  had  taken  to  empty  itself  had  the 
level  been  kept  constant.  If,  then,  this  charge 
and  the  horizontal  section  of  the  supposed  pris- 
matic reservoir  be  known,  we  may  readily  de- 
termine the  time  that  it  will  take  to  empty,  by 
translating  the  foregoing  theorem  into  an  equa- 
tion. Similarly,  the  time  that  the  level  takes  to 
sink  any  given  amount,  may  be  found  by  taking 
the  difference  of  the  times,  which  it  would  take 
to  empty  from  the  primitive  level,  and  from  the 
lower  level.  By  transforming  the  equation 
which  wDl  give  the  time  that  the  level  takes  to 
sink  a  given  quantity,  we  may  draw  from  this 
the  expression  of  the  volume  of  water  which 
flows  out  in  a  given  time.  Finally,  it  remains 
to  consider  the  eiHux,  when  the  fluid  passes  from 
one  reservoir  into  another,  arranged  so  that  the 
orifice  of  commimication  be  completely  covered. 
When  the  levels  are  constant  in  each  of  the  two 
reservoirs — wiiich  happens,  for  instance,  when  a 
canal  supplies  water  to  that  immediately  below 
it,  by  means  of  an  opening  placed  below  the 
level  of  the  latter — the  fonnulm  given  above 
for  tlie  waste  of  water  in  free  air  may  be  used, 
taking  ii,  as  the  difl'crence  of  level  between  the 
two  reservoirs.  When  the  level  is  constant  in 
the  upper,  and  variable  in  the  lower  level,  or  vice 
versa — which  is  the  case  in  canal-loclcs — we  may 
determine  tiie  time  necessary  to  empty  or  fill  the 
well,  by  calculations,  indicated  above,  for  the  case 
of  a  reservoir  which  empties  itself  in  free  air; 
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replacing  in  these  formulje  the  horizontal  section 
of  the  reservoir  by  that  of  the  lock, — the  charge 
of  water  being  the  difference  between  the  original 
level  of  the  water  in  the  well,  and  its  level  iu 
the  upper  or  lower  canal. 

(2.)  Of  Running  Waters. — Of  canals.  Canals 
differ  from  rivers  in  having  a  regular  bed  wilh 
everywhere  the  same  slope,  and  the  same  limita- 
tions. The  mean  velocity  of  the  water  in  them 
is  very  nearly  8-lOths  of  that  at  the  surface. 
Let  p  be  the  inclination  of  the  liquid  surface, 
which  is  determined  by  levelling.  Let  c  be 
the  perimeter  of  the  section  =  I  -\-  1  h  for 
a  rectangular  canal,  and  I  -\-  2  h  V  -\-  1, 
where  (<  is  the  slope  given  to  the  banks,  determined 
by  the  nature  of  the  soil),  for  one  not  rectangular. 
Let  s  be  the  area  of  this  section,  which  is  equal 
to  Z  /t  in  a  rectangular  canal,  and  io  (1  A-  th^h 

in  a  trapezium  canal.    The  proportion  — ,  of  tlie 

c 

area  to  the  moistened  perimeter  is  equal  to  n.  Let 
the  mean  velocity  of  the  current  =  v,  and  let  Q  = 
the  waste.  Then  between  these  quantities  the 
following  proportions  hold,  ci=.vs,  and  np  =. 
00036554  (v2 -[-  0-0664  v);  which,  when  re- 
solved  in  respect  to  z; gives  «  =  V  tl'dQnp'^  — 
•033;  equations  in  which,  as  all  the  quantities 
contained  except  one,  are  given,  the  latter  may 
be  determined — For  rectangular  canals  and 
aqueducts,  it  is  proper  to  give  them  such  dimen- 
sions, that  the  breadth  may  be  nearly  double  the 
depth  of  water ;  that  is,  that  l—2h\  whence 

c  =  4  A,  s  =z  2  /t*,  and  n  =  - ;  A  will  be  given, 

as  a  function  of  the  waste,  by  the  formula  q  =  «  s,  I 
which  becomes  here  q  =  2vh^,  the  velocity  r  ; 
being  an  arbitrary'  datum,  dependmg  on  the  slope  t 
and  on  the  nature  of  the  canal. — In  the  case  of  a ; 
trapezium  canal,  let  m  be  the  proportion  of  the 
breadth  at  bottom  Z,  to  the  depth  h;  l=m  h ;  and i 
s  =     (m      t),  equations  which  allow  us  to  J 
determine  I  and  h,  m  being  given.    The  value  of  I 
t  should  be  \ — (1  of  base  to  2  of  height)— for  slopes! 
of  dry  stones,  1,  for  those  of  vegetable  mould,| 
and  2  for  such  as  are  of  sand,  or  slipping  soil.- 
The  area  s  is  determined  hy  di\4ding  the  waste 
of  the  canal  by  the  mean  velocity  which  the 
water  should  have.   This  mean  velocity  should  1 
such  that  the  velocity  at  the  bottom,  w  hich  is  ve 
nearly  ^  of  it,  be  weak  enough  not  to  degrad^ 
the  walls  of  the  canal.    The  following  table  in-j 
dicates  the  superior  limits  of  the  velocity  which  tlid 
water  should  have  at  the  bottom  of  canals  accord'JI 
ing  to  their  nature,  without  wearing  them  away. 

Nature  of  the  Bottom.  -  i!",chM.°"' 

M'cnkencd  earth   'i-b 

Light  soft  clnys   4  9 

Sand   9-8 

Gravel  iy7 

Pebbles  lii-g 

Broken  stones— flints  39-4 

Agglomeriitc  of  pebbles— soft  schist  49 

Hocks  in  layers  691 

Hard  rocks"  03  - 
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The  velocity  at  the  bottom,  and,  consequent!}', 
the  mean  velocit}',  being  thus  taken  arbitrarily, 
and  beneath  the  maximum  limits  just  given,  we 
raay,  by  the  foregoing  formuhe,  deduce  the  form 
to  be  given  to  tlie  canal,  and  then  its  dimensions, 
as  functions  of  the  water,  which  it  is  to  have. 
For  gi-eat  velocities,  those  of  40  inches  and  above, 
the  value  of  q  just  given  must  be  replaced  by 
the  following  q  =  51  s  V  np. — Next  as  to  the 
Source  of  the  Water  of  Canals.  —  Canals,  with 
the  exception  of  canals  of  navigation  starting 
from  the  sea,  obtain  their  water  from  reservoirs 
or  basins  placed  at  their  head,  which  are  most 
frequently  portions  of  rivers,  the  level  of  which  is 
raised  for  this  purpose  by  a  dam.  The  head  of 
the  canal  at  the  point  of  entrance  is  sometimes 
entirely  open,  sometimes  it  is  provided  with  a 
fl6od-gate — First.  Canal  free  at  its  entrance. 
The  water,  at  its  entrance  into  an  open  canal,  forms 
a  fall ;  its  level  falls  to  a  certain  distance,  then  it 
rises  a  little,  by  slight  undulations,  beyond  which 
the  fluid  surface  takes  and  preserves  a  form 
nearly  plane  and  parallel  to  the  bottom  of  the 
bed — its  slope  and  outline  being  always  con- 
sidered constant.  The  velocity  is  accelerated 
from  the  top  to  the  bottom  of  the  fall ;  it  then 
diminishes,  during  the  rising  of  the  smface,  and, 
soon  after,  the  movement  proceeds  in  a  manner 
sensibly  uniform.— Let  h  be  the  height  of  the 
water  m  the  reservoir  above  the  line  of  entrance 
into  the  canal ;  h,  the  constant  depth  of  the  cur- 
rent after  the  movement  has  become  uniform,  and 
V  the  velocity  of  this  movement ;  let  d  besides 
be  the  difference  of  level  between  the  siuface  of 
water  in  the  reservoir,  and  at  the  extremity  of 
the  canal,  and  l,  the  length  of  the  latter;  we 
shall  have  u  —  h=  0-06225  ;  —p  l  =  d  — 
(h— A);y=:  V 2736  -033;  andQ  =  st>. 

By  means  of  these  equations,  we  may  determine 
the  waste,  the  slope,  or  one  of  the  dimensions  of 

the  canal;  the  other  quantities  being  known  

Generally,  such  falls  are  intended  to  utilize  water 
<a  a  motor.  Now  the  efficiency  of  a  current 
to  turn  machines  depends,  not  merely  on  the 
quantity  of  water,  but  also  on  the  height  of  the 
tall,  that  is,  on  the  difference  of  level  between 
the  surface  of  the  reservoir  and  the  pomt  of  the 
nver  where  this  water  may  be  given  back  below 
the  work.  And  this  force  is  measured  by  the  pro- 
duct of  the  quantity  of  water  and  the  height  of  the 
lau.  Ihe  greater  the  incUnation  that  is  given 
to  the  canal,  the  more  water  is  used;  and  this 
increases  one  of  the  factors  of  the  product,  but,  at 
the  same  time,  the  other  factor,  the  faU,  is 
dimm.slied;  and  the  result  will  be,  that  the  pro- 
auct  after  having  been  at  first  increased  with  the 
Slope,  will  then  diminish,  after  which  it  will  con- 
tinue to  increase:  there  is  tiius  a  Tnaximum  of 
Jorce,  which  It  ,s  of  importance  to  determine, 
fhis  may  be  done  by  guess  work  ;_by  determin- 
ing each  of  the  factors  of  the  product  and  tho 
product  itself,  therefore,  for  a  sS  of' faUs,  Z 
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creasing,  for  instance,  by  thousandths,  and  stop- 
ping as  soon  as  it  begins  to  diminish  Canal, 

with  flood-gates.  When  a  canal  receives  water 
by  the  opening  of  a  flood-gate  at  its  head,  which  is 
the  case  with  almost  all  mill  races,  and  when  its 
charge  on  the  centre  of  the  orifice  is  considerable, 
and  more  than  two  or  three  times  the  height  of 
this  orifice,  its  higher  limit,  it  is  not  covered  by 
the  water  of  the  stream  below,  and  the  waste  is 
given  by  the  formula  Q  =  (5-4)  3-1  •  Ih  '\J~a, 
H  being  the  charge  on  the  orifice,  I  and  7»,  the 
breadth  and  opening  of  the  flood-gate.  It  will 
be  enough  to  give  the  mill  race,  in  such  a  case, 
an  inclination  so  that  the  water  to  be  expended 
may  flow  out,  which  we  may  readily  calculate  by 
the  formulie  we  have  indicated  when  speaking  of 
the  movement  of  water  in  canals.  If  the  water 
rise  below  the  flood-gate  to  a  considerable  height 
above  the  upper  border  of  the  orifice,  the  charge 
of  water  h  of  the  above  equation,  will  be  equal  to 
the  difiference  of  the  level  of  the  water  before  and 
behmd  the  flood-gates.— cy  Rivers.  We  shall 
enter  here  into  description  only  of  the  methods 
of  measuring  courses  of  water.  Let  us  first 
indicate  the  method  of  discovering  their  velo- 
cities. The  most  simple  means  is  by  a  floater 
which  talves  the  velocitj'  of  the  water.  We 
begin  to  measure  after  it  has  attained  the  full 
velocity  of  the  cuiTcnt,  and  in  the  strongest  part 
of  the  stream.  The  mean  velocity  is  about  -8 
of  the  velocity  thus  observed  (see  Bridges). 
Very  often  the  Woltmann's  drum  is  used,  in 
which  is  a  turning  shaft  communicating  by  a 
screw  channel  with  a  meter,  and  carrj'ing  four 
small  wings  arranged  as  in  a  windmill.  The 
current  turns  them,  and  we  infer,  from  the  num- 
ber of  revolutions  n,  made  in  a  certain  tune  t, 
which  is  indicated  by  the  instrument  itself,  the 

velocity  is -directly  inferred  v  =  a         a  being 

T 

a  constant  co-efficient  for  any  given  instrument, 
and  determined  by  making  it  pass  over  a  certain 
space  in  standing  water,  and  dividing  the  space 
passed  through  by  the  number  of  turns  made. — 
In  order  to  measure  great  rivers,  one  takes  a 
section  of  them,  measures  their  area  across,  and 
the  velocity  (see  Bkidge)  ;  which  two  quantities 
are  then  multiplied.  If  the  rivers  are  wide,  tiio 
velocities  will  differ  in  different  parts  acrows 
the  stream,  and  must  be  taken  by  averages  over 
several  measurements.  In  case  of  small  water 
courses,  such  for  instance  as  do  not  give  moiv 
than  2  or  3  cubic  yards  of  water  per  second,  a  dam 
IS  made  in  the  water  course,  over  which  the  water 
falls;  then  having  measured  the  charge  of  water  n, 
the  width  of  the  iiortion  of  the  dam  over  which 
the  water  falls  as  I,  and  that  of  the  dam  as  l,  we 
calculate  the  waste  of  water  by  the  formida  q  =. 
(3-04)  1-77  In  V'Ij^— when  I  is  greater  than 

3  J  inches,  and  less  than        and  smaller 

3 

than  the  fifth  of  the  section  of  the  current  imme. 
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diately  above  the  reservoir.  When  /  =  l,  and  ii 
greater  than  2^  inches,  and  smaller  than  the 
fourth  of  the  depth  of  the  current  behind  the 
wall,  the  formula  Q  =  196  (3-39)  l  m  V'H  is 
When  H  is  above  this  fourth,  the  for- 
L  H  \/  H  -\-  -115 


used. 

mula  Q  =  (3-33)  1-92 


w  being  the  velocity  of  the  surface  of  the  current 
at  its  reaching  the  dam,  which  is  determined  by 
experiment,  and  usually  by  the  floater.  The 
velocity  of  a  river  is  slight  when  it  is  below  20 
inches,  it  is  ordinary,  fi-om  about  24  to  40  inches, 
great  when  above  that,  and  very  great  if  it  is 
more  than  80  inches.  The  velocity  of  the  Seine, 
about  Paris,  is  from  24  to  25  inches,  that  of  the 
Rhone  and  of  the  Ehine  about  80  inches.  A 
■water  course  takes  rank  immediately  among 
livers,  when,  in  its  ordinary  state,  from  15  to  18 
cubic  yards  of  water  pass  in  a  second.  From  45 
to  60  is  such  as  to  make  it  about  navigable. 
The  Seine,  at  Paris,  with  a  mean  breadth  of  144 
yards,  and  a  mean  depth  of  5  feet,  gives  195 
cubic  yards  of  water  per  second;  the  Garonne  at 
Toulouse,  in  its  ordinary  condition  225 ;  the 
Rhone  nearly  900  at  Lyons  ;  and  the  Rhine,  at 
Strasbourg,  1,425,  and  at  Nimeguen,  before  its 
junction  with  theMeuse,  2,550. — Of  the  Movement 
of  Water  in  Conduit  Pipes.  Take  first  the  case 
of  a  simple  conduit ;  if  we  call  h  the  charge  of 
the  conduit  or  the  vertical  height  between  the 
orifice  of  efflux  and  the  surface  of  the  fluid  in 
the  reservoir;  d  being  the  diameter  of  the  con- 
duit, L,its  length,  and  q,  the  waste  of  water  per 
second,  we  shall  have 


(1.)    Q  =  21-22 


•0216  •  D*, 


^vhich,  for  velocities  above  24  mches,  will  be 
approximately 


Q  =  20-3 


H  d3 


Very  often  the  waste  and  the  charge  of  water  is 
given,  and  the  diameter  is  required,  d  is  tirst 
determined  by  the  formula  (2)  which  gives 

which  is  suflicient  for  velocities  above  24  inches. 
When  the  velocity 

4  Q 

is  less,  the  value  of  d,  thus  found  will  be  a  little 
too  small ;  it  will  then  be  augmented  gradually, 
by  substituting  it  every  time  in  the  value  (1),  of 
Q  until  we  come  to  a  value  of  the  second  member, 
above  that  of  tiie  waste  which  we  are  to  have — 
We  have,  in  the  above,  taken  for  granted  tliat 
the  conduits  are  entirely  open  at  their  extremity; 
but  (almost  always)  they  are  closed  by  cocks  or 
spouts  which  narrow  the  opening.    In  that  case. 
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for  velocities  above  20  inches,  as  is  most  usiml, 
we  have 


Q  =  20-73 

and 
D  =  -298  X 


11 


L  -f-  35-47 


H  —  -0820  X 


d  being  the  diameter  of  the  spout  at  its  orifice, 
and  m  the  co-efficient  of  contraction. — Let  us 
now  suppose  that  we  have  to  deal  with  the 
establishment  of  a  system  of  water  conduits 
intended,  for  instance,  for  supplying  a  town, — 
where  usually  a  chief  conduit  is  used,  supply- 
ing numerous  branches  that  conduct  difierent 
volumes.  First,  we  draw  a  plan  of  the  conduit 
and  its  branches — multiply  by  |  the  waste  of 
water  of  each  pipe,  to  make  up  for  obstructions, 
turnings,  and  other  accidental  resistances,  then 
taking  a  pipe  of  given  diameter  we  calculate  the 
partial  wastes  of  charges  occasioned  by  the  succes- 
sive transport  of  the  volumes  which  each  portion 
of  the  conduit  must  conduct.  All  these  for  the 
total  waste  up  to  the  last  orifice;  then  we  see 
whether  the  remainmg  chai-ge  is  sufncient  to 
insure  the  efflux  of  the  volume  of  water  which 
is  to  pass  through  that  orifice;  and  in  this 
way  we  determine,  by  guess  at  first,  the  dia- 
meter of  the  princijial  conduit,  and  of  its 
branches.    The  loss  of  charge  is  the  difference 

between  h  and  the  effective  charge  or  height  Ji^ , 

to  which  the  velocity  at  the  e.xtremity  of  the  part 
of  the  conduit  considered  would  be  due,  and  is 

represented  by  H  —  —  =z.  h   

calculations  are  abridged  by  making  use  of  tables 
which  give  this  value  per  running  yard,  and  ac- 
cording to  the  diameter  of  the  conduit  pipe  and 
its  waste.  Such  tables  will  be  found  in  trea- 
tises of  hj-draulics. — Often  when  we  have  a  suf- 
ficient motive  charge,  economy  requires  us  to 
narrow  the  diameter  of  the  conduits,  so  that  the 
volume  of  water  they  ought  to  give,  dimin- 
ishes. It  is  necessary'  in  that  case  to  convince 
ourselves,  by  calculating  the  portions  of  the 
charges  consumed  by  each  part  of  the  conduit, 
that  the  water  would  rise,  at  the  place  of  each 
orifice,  to  a  sufficient  height  to  insure  the  efflux 
of  the  required  volume.  —  The  turnings  or 
changpji  of  direction  should  always  be  rounded; 
■\ve  may  then  neglect  the  losses  of  charge  that 
arise  from  them,  which  become  indeed  veiy 
small  in  projiortion  to  those  of  friction. — & 
cstablisliing  water  pipes,  M.  D'Aubuisson  re- 
commends besides, — 1st,  In  place  of  one  single 
conduit  or  thread  of  pipes  conveying  a  certain 
volmne  of  water,  to  have  two,  one  beside  the 
other,  each  of  which  conveys  half  the  volume,  an 
arrangement  which,  indeed,  augments  from  26  to 
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30  per  cent,  the  first  cost,  but  which  gives  the 
great  advantage  of  being  able  to  insure,  at  all 
times,  the  continuity  of  the  stream  on  all  the 
principal  iioints.  2d,  To  make  the  two  pipes 
end  on  both  sides,  in  a  little  cast  iron  reservoir 
which  may  serve  as  a  i-esei-voir  of  re-distribution. 
3d,  To  place  the  principal  conduits  in  subterra- 
nean galleries  which  renders  their  inspection  and 
repairing  a  very  easy  matter;  as  for  the  second- 
aiy  ones,  it  is  enough  to  sink  them  about  a  yard 
below  the  pavement. — Usually,  at  the  culminat- 
ing points  of  the  pipes,  floating  valves  are  placed, 
in  order  to  give  issue  to  the  air  which  collects 
there ;  the  water-posts  which  are  established  at 
the  head  of  two  streets  to  wash  the  two  slopes, 

serve  equally  well  as  air  holes  At  the  lower 

parts  of  the  conduit  pipes,  and  at  the  top  of  the 
re-entrant  angles,  are  fitted  great  discharge  cocks, 
which  are  opened  sometimes  for  cleaning  the 
pipes  by  driving  through  them  as  much  water  as 
possible. — The  entrance  of  all  conduits  starting 
from  the  reservoir,  or  the  subordinate  ones  of 
Aubuisson,  as  well  as  those  of  the  branches, 
should  be  supplied  with  a  cock  to  throw  back,  or 
give  free  passage  to  the  water ;  for  pipes  of  a 
diameter  more  than  4  inches,  sluice  cocks  are 
used,  the  opening  of  which  is  shut  by  means  of  a 
shovel  suitably  disposed,  which  is  raised  or 
lowered  by  a  screw.  Below  4  inches,  ordinaiy 
turning  cocks  can  be  used. — Cff  the  Measurement 
of  Dislnbulions  of  Water.  It  is  important  to 
measure  at  every  instant  the  quantities  of  water 
^yhich  pass  through  the  water  orifices  of  distribu- 
tion; to  do  for  water,  what  the  meter  does  for 
gas.  Up  to  this  time,  the  following  is  the  only 
plan  employed  for  small  orifices.  The  dimension 
of  the  orifice  is  measured  exactly — the  pipe  being 
^^upposed  full  and  under  a  constant  pressure;  fi-om 
which  it  is  inferred,  as  an  experimental  result, 
that  it  must  supply  so  many  cubic  metres  in  the 
unit  of  time. — Cisterns  of  Measurement  and  dis- 
tribution. Let  us  now  see  how  the  number  of 
'-nches  of  water,  which  a  conduit  pipe  or  pump 


Fig.  1. 

SJ.f /"l*?  ''fr"''-  "  'measured.  The  inch  of 
*«^r  ,s  thus  determined.    A  circular  orifice  of 
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•78G  ineli  in  diameter  is  made  in  a  wall,  and  sup- 
plied with  a  cylindrical  spout  of  5-C8  inches  in 
length,  the  level  of  the  water  in  the  reservoir 
being  kept  1-18  inches  above  the  upper  part  of 
the  orifice,  the  quantity  of  water  which  flows  out, 
is  20  cubic  metres  in  24  hours.  —  To  explain 
how  to  measure  as  above,  we  may  describe  the 
measure  cistern  established  at  the  top  of  the 
aqueduct  at  Marly,  which  is  meant  to  measure 
the  products  of  several  pumps,  some  moved  bv 
hydraulic  wheels,  others  by  a  steam  engine 
which  raises  the  waters  of  the  Seine  up  to  the 
aqueduct.  Fig.  1  represents  the  plan  of  this 
cistern.    Fig.  2  is  a  section  made  along  the 


Tier.  '. 


line  G  G'  of  the  plan.    The  water  raised  by  the' 
pumps  comes  to  a,  where  it  falls  in  a  sheet  into 
a  rectangular  reservoir.     Two  partitions  b  c 
envelop  the  part  n  of  this  reservoir,  without 
going  to  the  bottom,  so  as  to  prevent  the  move- 
ments occasioned  on  the  surface  by  the  water 
which  comes  to  A,  from  transmission  into  the 
remaining  part  l;  the  water  passes  from  n  to  l 
beneath  these  two  partitions,  and  its  fi-ee  surface 
in  the  whole  extent  of  the  latter  part  of  the  ap- 
paratus L  is  thus  made  perfectly  tranquil.  The 
partition  d,  which  serves  as  a  limit  for  the  re- 
servoir, and  extends  in  tliree  different  directions, 
carries  a  great  number  of  orifices  h  in  its  whole 
length;  the  water  leaves  the  reservoir  by  these 
different  openings,  and  falls  into  a  trench,  outside 
the  partition  d,  and  in  all  its  length  ;  from  that 
it  falls  at  F  into  a  covered  canal  which  takes  it 
to  the  other  extremity  of  the  aqueduct.    A  par- 
tition E  E  divides  the  reservoir  l  n  into  two 
completely  distinct  parts  ;  that  on  the  right  re- 
ceives the  waters  which  come  from  the  pumps 
moved  by  the  hydraulic  wheels  ;  that  on  the  left 
receives  those  supplied  by  the  pumps  of  the  steam 
engine.— By  this  arrangement,  the  waters  which 
come  from  the  two  systems  of  pumps,  meet  only 
after  passing  through  the  orifices  of  the  parti- 
tion D,  that  is,  after  having  been  measured,  in 
the  way  we  are  to  explain.    Suppose  that  the 
water  leaves  the  reservoir  l  n,  passing  always 
through  the  same  number  of  boles  of  tlie  parti- 
tion D,  we  may  conceive  easily  that  tlie  level, 
which  it  will  take  in  the  reservoir,  will  be  more 
or  less  elevated  above  these  holes,  as  the  pumps 
supply  more  or  less  water  in  a  given  time.  If, 
on  the  other  hand,  a  certain  number  of  orilices  of 
the  partition  i)  be  shut  by  means  of  stoppers 
the  level  of  tlie  water  in  the  reservoir  l  n 
will  be  rai.scd,  for  one  same  quantity  of  water 
supplied  by  the  pumps;  for,  as  the  number  of 
orifices  of  efflux  is  duninislicd,  the  velocity  with 
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■n-hicli  the  water  passes  through  each  must  be  in- 
creased, if  the  same  quantity'  has  to  pass  through. 
We  may  then  vary,  at  wiil,  the  position  of  the 
level  in  l  n  by  closing  more  or  fewer  of  these 
openings ;  and  this  power  is  used  so  that  this 
level  may  coincide  with  a  marlc  fixed  at  the 
partition  d,  in  a.  "When  this  coincidence  of 
level  of  the  water  with  the  mark  is  established 
permanently  for  some  time,  it  is  enough  to  count 
the  holes  that  remain  open  in  order  to  obtain  im- 
mediately the  number  of  inches  of  water  which 
the  pumps  supply — In  the  measurement  cistern 
at  Marly,  the  part  of  the  reservoir  used  for 
gauging  the  water  brought  by  the  hydraulic 
wheels  has  sixty  orifices ;  the  part  corresponding 
to  the  water  supplied  by  the  steam  engine  has 
thirty.  If,  for  instance,  we  found  that  the  pumps 
moved  by  the  hydraulic  wheels  raise  60  inches  of 
loater  to  the  aqueduct,  that  would  be  equivalent 
to  saying  that  they  raise  60  times  20  cubic 
metres,  or  1,200  cubic  metres  in  24  hours  (that 
is,  1,560  cubic  yards). — The  distribution  of  waters 
between  the  four  corners  of  a  town,  and  even 
between  the  dilFerent  places  which  have  got 
water  distributed  to  them,  is  effected  by  help  of 
cisterns  quite  analogous  to  that  above.  The 
whole  mass  of  water  to  be  distributed  passes  into 
a  reservw  whence  it  issues  by  openings  made  all 
along  it,  and  it  is  disposed  by  tubes  or  conduit 
pipes  which  divide  the  whole  mass  of  water,  so 
that  everybody  receives  from  it  the  water  which 
proceeds  from  a  definite  number  of  openings. — 
Meters.  The  systems  above,  are  in  many  cases 
insuiScient,  where  a  meter,  like  one  for  gas,  to 
accommodate  itself  to  all  circumstances  of  actual 
.consumpt  would  be  required.  There  is  no  effi- 
cient instrument  for  this  pm-pose.  We  may  dis- 
tinguish two  cases — the  first  where  the  efJBux  is 
from  a  pipe  constantly  kept  full  of  water ;  the 
second  where  the  pipe  is  not  so.  In  the  first 
case,  we  may  determine  the  velocity  of  the  water 
by  suspending  a  little  and  very  light  screw  at  the 
middle  of  the  tube,  the  velocity  of  which  mea- 
sures that  of  the  water — the  number  of  cubic 
yards  passing  through  the  orifice,  being  propor- 
tionate to  the  number  of  turns  of  the  screw. 
If,  then,  the  number  of  turns  of  the  screw  be 
registered  by  a  simple  meter,  obtained  by  help 
of  toothed  wheels  and  endless  screws,  the  axis 
of  the  first  wheel  being  mounted  on  the  axis  of 
the  screw,  we  may  read  on  a  dial -plate  the 
number  of  cubic  yards  which  have  passed  through 
the  tube.  This  system  has  been  proposed  and 
put  in  practice  slightly  by  M.  Lapointe.  He 
had  proposed  it  in  order  to  measure  a  course  of 
water  previously  dammed.  The  results  appeared 
to  him  so  regular  as  to  admit  of  its  application 
even  for  pretty  sensible  differences  of  level.  In 
the  second  case,  when  the  pipe  is  not  always  full, 
an  apparatus  a  little  more  complicated  may  be 
used.  If  we  dispose,  on  the  pillar  of  a  iloaler,  at 
the  surface  of  the  water,  a  little  pinion  as  in  the 
dynanonieter;  and,  on  the  other  hand,  a  system 
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like  the  foregoing  making  a  cylinder — partially 
toothed — turn  round,  it  is  clear  that  a  second 
toothed  cylinder,  moved  by  the  pinion,  will  re- 
gister a  number  of  teeth  proportional  at  once  to 
the  position  of  the  floater  and  the  velocity  of  the 
water ;  to  the  product  of  the  path  through  which 
the  water  has  come,  by  the  section  of  it,  and 
consequently,  the  volume  of  water  which  has 
■flowed  out  of  the  sections  of  the  toothed  c^'linder 
must  be  proportional  to  the  surface  of  the  sec- 
tion of  the  water  which  the  pipe  contains. —  Water 
Jets.  Openings  in  their  wall,  carry  jets  highest, 
and  give  them  the  most  solid  form ;  on  examining 
them  we  may  often  fancy  we  see  a  transparent  bar 
of  crystal ;  hence  these  are  made  use  of,  -^vhen  only 
the  elevation  and  the  beauty  of  the  jet  are  to  be 
taken  into  account.  Conical  spouts  also  give 
united  and  transparent  jets  whose  height,  how- 
ever, is  not  more  than  '8  or  -9  of  the  foregoing. 
Lastly,  cylindrical  spouts  give  jets,  disturbed 
from  the  point  of  departure,  and  which  rise  only 
to  ■§■  of  the  height  of  a  jet  of  an  orifice  in  then: 
wall,  with  the  same  charge.  Let  h  be  the  effec- 
tive charge,  h'  the  height  of  the  jet  with  an  open- 
ing in  their  wall,  the  latter  will  be  given  by  the 
formula  h'  =  h  —  -01  X 

(3.)  Of  Water  used  as  a  Motor. — There  are  two 
classes  of  water  machines,  the  one  possessing  an 
alternating  movement,  the  other,  a  movement 
of  continuous  rotation — for  the  latter  class  see 
Water-wheels  and  Turbine.  To  the  first 
class  belong  Heros  Fountain  —  the  Hydraulic 
Balance — the  water  balance,  and  the  column  of 
water  machine. 

1.  Eeros  Fountain. — This  is  also  called  Schem- 
nitz's  machine,  imimportant. 

2.  The  Hydraulic  Balance. — This  machine,  in 
which  the  water  acts  by  its  own  weight,  has  the 
inconvenience  of  alter- 
nate movement  ma- 
chines, in  which  the 
water  after  the  charge 
in  the  direction  of  its 
motion  retains  its  velo- 
city. The  simplest 
consists  in  a  vessel 
moveable  at  its  middle 
round  an  axis,  and 
divided  into  two  by  a 
partition;  the  water 
falls  successively  into  each  compartment  until  its 
weight  drags  it  down  and  empties  it. — A  more 
complete  scheme, 

tliough  still  defec- 
tive, is  represented 
in  fig.  4,  when  one 
of  the  vessels  con- 
tains enough  wa- 
ter it  descends)  in 
virtue  of  the  ex- 
cess of  its  weight, 
and  the  valve 
opening  upwards 


Fig.  3. 


Fig.  4. 
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placed  at  its  bottom,  striking  against  an  obstacle, 
opens  and  frees  the  liquid  contained ;  during  this 
time,  the  vessel  at  the  other  extremity  of  the 
balance  is  lifted  up ;  a  catch  placed  on  the 
connecting  rod  ivhich 
carries  it,  raises  the 
sluice  at  the  bottom 
of  the  feeding  reser- 
voir, so  that  this  vessel 
fills  as  the  other  emp- 
ties. —  The  only  im- 
portant use  'of  such 
machines,  which  is  ex- 
ceedingly simple,  and 
therefore  very  valu- 
able, is  in  the  Water 
Balance  made  use  of 
to  move  the  pumps  in 
certain  mines;  there  is  only  one  cask  which 
raises  a  weight  at  the  upper  part  of  the  beam 
of  the  pumps. — The  Water  Ram,  which  was 
invented  by  Montgolfier  towards  the  close  of 


Fig.  6. 

last  century,  consists  independently  of  the  feed- 
ing reservour  of  a  pipe  or  body  of  the  ram,  which 
carries  the  water  to  the  operating  head  of  the 
machine;  this  part,  or  head  of  the  ram,  consists 
of  a  short  tube,  straight  or  bent,  at  the  upper 
part  of  which,  as  well  as  at  its  end,  are  two 
ordinary  valves,  called,  the  first,  thB  stop  valve ; 
the  second,  the  ascension  valve ;  the  extremity 
enters  into  a  bell  filled  with  air  in  the  upper  part 
and  the  lower  of  which,  being  filled  with  water, 
receives  the  ascension  tube.  The  valve  of  ascen- 
sion being  closed,  the  water  will  come  from  the 
reservoir  with  increasing  velocity,  will  leave  first 
by  the  stop  valve,  will  soon  shut  it,  then  striking 
-mth  the  vis  viva,  which  it  has  acquired  against 
the  ascension  valve,  it  will  open  it,  penetrate  into 
the  reservoir  of  air,  will  compress  it,  and  will 
make  the  water  in  the  ascension  tube  rise  ;  soon 
the  elasticity  of  the  compressed  air,  and  the 
weight  of  the  water  of  the  ascension  pipe  will 
nave  alisorbed  partly,  the  vis  viva  acquired  with 
tne  water,  and  will  impress  on  it  a  powerful 
movement ;  the  ascension  valve  will  sliut,  then, 
in  consequence  of  the  retrograde  movement  of  the 
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water,  there  will  be  formed  a  void  under  the  stop 
valve  which  will  open,  and  so  on. — Colujin  oi' 
Water  Machine.  This  sort  of  machine  con- 
sisted of  a  cylinder,  or  great  body  of  a  pump  in 


Fig.  7. 

which  a  piston  moves,  driven  by  the  weight  of  a 
high  column  of  water  contained  within  a  mount- 
ing tube.  There  is  adapted  to  the  pillar  of  the 
piston  of  these  machines,  especially  used  for 
exhaustions,  a  balance  which  usually  puts  pipes 
in  movement ;  rarely,  the  alternate  movement  is 
transferred  into  one  of  rotation  by  means  of  a 
suitable  mechanism.  The  column  of  water 
machines  are  simple  or  double,  the  first  being 
oftenest  used.  Tlie  machine  itself  regulates  the 
distribution  of  slide-valves  and  cocks  which  are 
put  in  motion  by  the  pillar  of  the  great  piston^of 
the  machine. 

(4.)  Machines  for  Raising  Wate?\  —  A  few 
machines  chiefly  valuable  for  their  simplicity 
and  their  adaptation  to  local  circumstances  are 
made  use  of  for  this  purpose.  The  principal  of 
these  are  the  screw  of  Archimedes  and  the 
Pump,  which  are  described  in  special  articles. 

Hrflro-drnainics.  The  name  applied  to 
that  very  important  department  of  mechanical 
science  which  treats  of  the  motion  of  fluids.  Its 
laws  and  principles  are  demonstrated  almost  ex  - 
clusively by  mathematical  reasonings  of  the  most 
intricate  kind ;  but  we  shall  here  give  only  such 
general  or  experimental  proofs  as  may  be 
generally  understood.—  When  a  fluid  is  contained 
in  a  vessel,  it  makes  a  certain  effort  to  escape,  or 
to  reach  the  level  of  the  lowest  adjacent  ground. 
This  effort  must  be  restrained  by  some  equal  re- 
sistance ;  and  this  resistance  is  presented  bv  tlio 
immobility  of  the  wall.  If  those  two  be  balanced, 
there  will  be  a  case  of  equilibrium  ;  and,  if  not, 

the  wall  will  be  broken  and  motion  must  result  

In  establishing  experimentally  tlic  laws  of  hydro- 
dynamics, there  is  one  circumstance  to  be  taken 
into  account,  capable  of  causing  apparent  dis- 
crepancies between  theoretical  and  practical  re- 
sults :  we  mean  the  friction  of  fluids  against  the 
11 


HYD 


IIYD 


sides  of  the  vessel  from  which  they  flow.  If  the 
tiiickness  of  such  a  vessel  be  considerable,  there 
will  be,  as  we  shall  see  liereafter,  very  considerable 
effect  due  to  friction  in  tlie  passage.  Again,  if 
the  vase  be  small  in  proportion  to  the  size  of  the 
ori6ce,  there  will  be  a  rush  of  water  to  it  more 
than  it  can  emit,  and  part  of  its  force  will  be 
spent  in  striking  on  the  wall  near  the  orifice. — 
Let  us  suppose  at  the  outset  tliat  the  vase  is  one 
of  large  dimensions,  and  besides,  with  very  thin 
walls;  in  other  words,  that  the  two  effects  just 
spoken  of,  and  always  producing  decided  enough 
results  in  practice,  are  non-existent.  In  such 
circumstances,  the  following  theorem,  known  as 
Torricelli's,  holds  good,  viz.,  that  the  particles 
issuing  from  the  orifice  do  so  with  the  same 
velocity  as  if  they  had  fallen  from  the  height  of 
the  level.  That  this  should  be  the  case,  one  natu- 
rally enough  expects ;  inasmuch  as  each  particle 
of  fluid  right  above  the  orifice,  may  be  imagined 
simply  falling  down:  and,  as  the  whole  work 
done  in  this  operation  is  expressed  by  the  fluid 
moving  with  such  a  velocity,  we  should  anticipate 
the  foregouig  result ;  although  this  consideration 
by  no  means  approaches  to  positive  proof.  It  may 
be  shown  to  be  true  by  experiment  as  well  as  by 
theory. — Various  consequences  are  very  clearly 
deducible  from  this  law,  for  instance,  the  follow- 
ing:— 1°;  the  velocity  with  which  the  fluid 
issues  forth  depends  solely  on  the  depth  of  the 
orifice  below  the  water,  and  not  in  any  degree  on 
the  nature  of  the  fluid.  This  will  at  all  events 
be  the  case,  if  the  analogy  between  a  falling  body 
and  the  water  be  not  merely  accidental  but 
grounded  on  facts.  In  that  case  the  actual  mass 
or  weight  of  the  bodies  falling,  may  differ  enor- 
mously, but  the  velocity  at  a  certain  part  of 
the  fall  remains  the  same.  Thus,  mercury  and 
■water  fall  from  the  same  height  in  the  same  time. 
They  will,  therefore,  also  flow  out  from  a  vessel  at 
the  same  rate.  2"^;  for  one  same  fluid,  the  velo- 
city of  the  mass  issuing  at  the  orifice  is  propor- 
tional to  the  square  root  of  the  depths  of  the 
orifices  below  the  level.  Preserving  the  analogy 
that  has  been  established  between  a  falling  body 
and  an  issuing  fluid,  this  becomes  a  necessary 
consequence.  In  the  article  on  Accelerating 
Force  we  saw  that  v*  =  2  «/ .  s,  where  v  is  the 
velocitv  at  any  moment,  s  the  space  through 
which  "the  body  has  fallen  from  rest,  and  the 
force  of  gravity.  H  ence,  V  =  2  <?  sjn^  the  case 
of  the  fluid,  and  v  =  V YgJ=  VT^ x  V  5. 
It  is,  therefore,  proportional  to  -y/l^  tl'^  latter 
being  the  height  of  the  level  above  the  orifice. 
3° ;  if  there  be  a  pressure  acting  at  the  surface,  in 
addition  to  that  of  the  mere  weight  of  the  fluid, 
this  may  be  represented  by  supposing  a  column 
of  water  of  such  liei;,dit,  tlial  the  product  of  the 
height  into  the  section  of  the  vase  at  the  surface 
shall  be  equal  to  the  weight.  The  wliole  results 
wliich  would  be  obtained  in  that  case,  would 
this,  except  that  the  whole 
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would  cease  when  there  was  no  more  wafer  in 
the  vase. —  In  order  to  demonstrate  this  proposi- 
tion of  Torricelli,  with  these  three  corollaries 
deduced  from  it  hy  experiment,  it  is  needful 
that  opportunity  for  obser\'ing  experimental 
results  should  be  de\'ised.  The  first  essential  is 
that  the  level  be  kept  constant.  Using  anj'  of 
the  contrivances  for  securing  the  constancj'  of 
level  and  of  velocity,  we  may  institute  experi- 
mental researches.  Let  us  see  what  results 
Torricelli's  theorem  would  lead  us  to  anticipate, 
and  compare  them  with  those  obtained.  The 
formula  is  v*  =  2  gs.  Now  g  is  about  32  •  2  at 
Glasgow  (g  varying  over  the  Earth,  see  Pendo- 
LUM,  and  Figure  of  the  Earth,  about  •2),  that  is, 
a  body  falling  at  Glasgow  acquires  a  velocity  of 
32-2  feet  per  second  in  the  first  second.  Hence, 


y2  =  2  X  32  •  2  X  s  =  64  • 
.-.  T  =  8-0  2  5  X'v/«i 
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where  s  is  the  height  in  feet,  of  the  space  passed 
through  by  the  liquid  passing  from  the  level  to 
the  centre  of  the  orifice.  This  then  is  the  theo- 
retic velocity.  Now,  multitudes  of  experimenters 
have  examined  with  all  mechanical  advantages 
the  truth  of  this  formula ;  and  the  result  uni- 
formly indicates  that  the  theoretic  velocity  is 
H  time  the  actual  velocity,  or  this  latter  two- 
thii-ds  of  the  former;  so  that  the  theorem  of 
ToiTicelli,  resting  though  it  does  upon  an  ana- 
logy so  apparently  trustworthy,  is  seriously  dis- 
credited. Theory  and  experiment  are  reconciled 
by  what  is  called  the  contraction  of  the  fluid  vein. 
When  the  fluid  is  emitted,  the  mass,  before 
separating  into  drops,  grows  sensibly  narrower 
the  farther  it  is  from  the  apertme.  It  was 
thought  for  some  time  that  there  exists  a  maxi- 
mum of  contraction,  through  which  the  fluid  mass 
passes,  and  then  becomes  wider  before  being 
broken  up.  Savart,  hoAvever,  has  shown  that  no 
such  thing  occurs,  but  that  there  is  a  constant 
contraction  from  the  point  of  emission  to  that 
where  the  fluid  disintegrates;  which  contrac- 
tion, at  first  very  rapid,  becomes  \  ery  slight  at 
a  distance  from  the  orifice  equal  to  its  diameter. 
If  we  take  it  then  that  the  mass  issuing  from  the 
orifice  with  a  velocity  due  to  the  fall,  has  a  sec- 
tion the  same  as  at  this  point,  and  that  the  rest 
of  the  fluid  filling  the  remaining  part  of  the 
ori'ice,  moves  because  it  is  dragged  on  by  this — it 
will  be  seen  that  the  velocity  due  to  the  fall  of 
water  fiom  the  level  nmst  be  lessened  by  the  dis- 
tribution of  the  force  producing  it,  over  a  greater 
portion  of  water  than  is  really  aftectcd  by  it,  and 
that  this  is  enough  to  cause  the  apparent  dis- 
crepancy. Suppose  that  the  section  of  whicli  we 
have  spoken  is  only  ^  the  size  of  the  orifice. 
Then  the  velocity  nu-asured,  being  that  which 
the  motion  of  tiiis  ^  of  water  produces  on  1  of 
water,  will  requh-e  to  be  multiplied  by  f  in  order 
to  get  the  original  velocity  due  to  the  fall.  And 
as  the  velocity  measured  is  §  of  that  inferred,  the 
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\  elocitv  due  to  the  fall,  according  to  experiment 
I  J  X  f)  coincides  with  the  theoretic  \elocity 
according  to  Torricelli's  theorem. — The  jet  of 
water  which  flows  out  from  an  orifice  in  the  side 
of  a  vessel  takes  a  parabolic  form,  and  the  actual 
outline  varies  with  the  angle  of  inclination  to  the 
Iiorizon  at  which  it  is  emitted.    The  parabolic 
form  is  a  simple  consequence  of  the  law  of  gravi- 
tation ;  which  impresses  it  on  all  bodies  set  in 
motion  by  a  force  once  applied  and  then  ceasing, 
and  kept  under  the  action  of  gravity.    As  each 
successive  section  of  water  is  acted  on  in  quite 
the  same  way,  by  quite  the  same  forces,  when 
the  constancy  of  level  is  preserved,  each  describes 
the  very  path  that  the  preceding  one  had,  and 
thus,  by  their  coherence,  the  parabolic  curve  is 
actually  made  visible.    If  the  level  is  allowed  to 
var}',  the  initial  force  alters  and  the  various  sec- 
tions will  describe  different  curves,  each  one 
slightly  differing,  but  for  a  while  not  sensibly 
from  the  one  before  it,  so  that  the  figure  will  be  a 
sort  of  composite  of  various  parabolas  nearly 
coinciding,  and  will  form  what  is  called  the  en- 
velope.— There  are  several  very  curious  and  in- 
teresting results  regarding  the  form  of  jets  and 
their  internal  constitution,  which  Savart  has  de- 
monstrated, the  mechanical  causes  of  which  we 
cannot  here  explain  at  length.    One  may  readily 
see,  however,  that,  in  the  eddies  caused  round  the 
mouth  of  the  orifice,  by  some  water  above  it 
striving  to  get  out  and  coming  into  contact  with 
the  resisting  surface,  and  by  some  below  it  being 
moved  by  some  of  the  mass  falling  downwards, 
there  is  sufficient  explanation  We  have  sup- 
posed that  one  section  of  water  issued  in  a  direc- 
tion quite  perpendicular  to  the  surface  of  the  vase, 
and  that  another  exactly  like  it  followed,  which 
was  followed  by  another,  again,  and  so  on. 

So  far  this  is  true.  The  issuing  water 
is  always  perpendicular  to  the  side  of 
the  vase,  but  it  receives  rotatory  motion 
as  well  as  forward  motion,  (from  these 
eddies,  as  we  may  call  the  disturbing 
actions  indicated  above).  Moreover, 
it  is  not  at  all  so  certain  that  each  suc- 
cessive section  of  water  is  of  the  same 
form.  If  it  be  so,  the  irregularities  of 
this  rotatory  motion  cause  a  certain  dis- 
integration of  each,  and  between  the 
thicker  and  what  we  might  call  the 
mwmrt^  drops  there  are  smaller  inserted 
ones,  as  if  torn  off  from  the  mass  of  the 
larger.  Thus,  a  mass  of  fluid  descend- 
ing from  a  height  vertically  takes  the 
outline  represented  in  fig.  1,  while  its 
actual  constitution  is  represented  by 
fig-  2.  These  horizontal  and  vertical 
elongations  occupy  fixed  positions  in 
the  fluid  vein,  and  there  must,  therefore, 
be  some  such  universally  acting  cause 
as  we  have  supposed,  in  rotation  of 
drops.  Tiie  little  drops  which 
the  larger  ones  cause  the 
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indicated  in  fig.  1,  of  a  uniform  pipe  round  which 
water  is  heaped  at  the  thickest  parts  of  the  vein. 
Savart  has  shown  that  each  drop  is  originated 
by  a  sort  of  annular  enlargement  at  the  orifice, 
propagated  along  the  whole  length  of  the  nearly 
uniform  stream  of  water,  until  disunion  of  the 
particles  occurs ;  and  that  therefore  there  is 
a  succession  of  such  pulsations  at  the  orifice. 
Their  number  is  in  the  direct  ratio  of  the  velocity 
of  emission,  and  in  the  inverse  ratio  of  the  dia- 
meter of  the  orifice. — A  very  remarkable  pheno- 
menon connected  with  acoustics  is  noticeable  here. 
These  pulsations  are  regular  and  continuous 
enough  to  give  rise  to  a  musical  note,  and  if, 
with  a  musical  instrument,  we  produce  the  same 
note  at  some  distance  from  the  ])lace,  the  pulsa- 
tions become  much  more  regular,  and  extend 
upward  almost  the  whole  length  from  n  to  a. 
They  seem  to  occasion  no  change  in  the  amount 
emitted  or  in  the  velocity  of  emission.  The  air  set 
in  motion  by  the  sounding  instrument,  transmits 
its  vibrations  to  the  fluid,  which  repeats  them 
naturally,  as  they  do  not  disturb  greatly  the 
equilibrium  of  its  particles,  which  are  in  the 
circumstances  very  susceptible  of  the  slightest 
impression  from  forces  not  counteracting  that  of 
gravity.  All  these  phenomena,  as  well  of  the 
shape  of  the  vem  as  the  sound  produced  by  emis- 
sion, are  obtained  whatever  be  the  form  of  the 
orifice  and  whatever  the  direction  of  emission, — if 
it  be  downwards,  or  if  it  be  horizontal,  or  below 
45°  from  the  horizon.  If  the  orifices  be  not 
circular,  very  remarkable  variations  appear  in  the 
form  of  the  successive  sections.  Thus,  at  distances 
represented  b}'  2,  3,  and  4,  supposing  the  side  of 
the  orifice  to  be  2,  and  it  to  be  a  square,  the  forms 
given  in  fig.  3  are  found. — Frequently,  when  a 
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fluid  flows  out  of  a  vase  it  is  desirable  to  convey 
it  to  a  place  where  it  can  be  more  easily  col- 
lected. This  is  done  by  simply  fixing  a  spout 
in  the  orifice.  It  becomes,  therefore,  a  very  in- 
teresting practical  question,  how  much  influence 
such  a  spout  exercises  on  the  emitted  fluid.  In 
the  first  place,  it  is  evident  that  one  of  exactly'  the 
form  which  the  fluid  vein  itself  takes,  will  exer- 
cise no  influence  whatever.  It  can  be  made  and 
fitted  so  that  the  fluid  shall  be  freed  from  disturb- 
ing atmospheric  influences,  but  shall  not  at  all 
touch  the  inside  of  the  tube.  To  accomplish  this 
last,  however,  is  not  easy  ;  but  if  the  surface  in- 
side be  very  carefully  polislied,  there  will  be,  even 
when  the  fluid  docs  touch,  scarcely  any  difference 
in  the  amount  emitted.  In  fact,  much  of  the  re- 
tarding power  of  such  spouts  arises  from  the  fric- 
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tion,  if  it  may  be  so  called,  of  the  fluid  against 
their  surfaces.  Particles  of  fluid  getting  in  among 
these  uneven  parts  are  retarded,  and  keep  back 
other  particles.  If  the  interior  surface  be  in  any 
case  well  polished,  this  effect  will  be  reduced  to  a 
minimum — Orifices  themselves  have  an  influence 
like  that  of  spouts.  A  curved  side  of  a  vase,  for 
instance,  pierced  by  an  orifice,  emits  more  water 
if  the  concavity  be  turned  towards  the  enclosed 
fluid,  and  less  if  it  be  turned  away  from  it  than  an 
openmg  of  the  same  size  in  a  plane  side  of  a  vase. 
As  the  opening  in  any  actual  vase  (which  must 
have  a  determinate  thickness)  is  of  the  nature  of 
a  spout,  this  consequence  might  have  been  antici- 
pated Whenever  the  fluid  issuing,  does  not 

touch  the  sides  of  the  spout  it  is  evident  enough 
that  there  will  be  no  influence  exerted  on  the  fluid. 
When  it  becomes  adherent,  that  is,  when  the  fluid 
attaches  to  the  spout,  there  is,  in  one  of  a  cylin- 
drical form,  an  increase  of  the  velocity  and  an 
increase  of  the  quantity  of  liquid  which  passes 
through,  in  the  proportion  of  about  4  to  3  ;  if 
the  diameter  of  the  spout  be  nearly  one-fourth 
part  of  its  length,  the  vein  is  always  adherent 
with  feeble  pressures  above;  but  -with  great 
pressures  it  is  frequently  quite  uninfluenced  by 
the  spout.  Any  light  obstacle,  however,  inter- 
posed in  the  tube  will  produce  adherence.  The 
form  which  the  vein  takes  in  passing  through  a 
tube  is  very  like  what  it  would  take  when  passing 
through  the  air,  even  when  adherence  is  estab- 
lished; as  one  may  become  readily  convinced 
by  using  a  glass  tube  through  which  the  passage 
of  the  current  is  visible.  A  conical  spout  in- 
creases the  quantity  which  passes  out  still  more 
than  a  cylindrical  one.  These  results  depend, 
however,  on  the  uniformity  of  the  tube.  If  it  be, 
instead  of  uniform,  blown  out  in  some  places,  like 
the  tubes  used  in  many  processes  of  organic 
chemistry,  it  would  lessen  the  amount  instead  of 
increasing  it.  Spouts  may  therefore  be  adapted 
to  orifices  which  shall  either  increase  or  diminish 
the  velocity  of  the  fluid  passing  through  them. — 
When  a  fluid  passes  through  such  a  tube,  it  will 
or  will  not  produce  certain  amounts  of  pressure 
upon  the  sides.  Where  the  tube  is  of  the  exact 
form  of  the  natural  vein  of  water,  it  is  evident 
that  there  will  be  no  pressure.  Where,  on  the 
contrary,  it  is  of  anj'  other  form  there  may  be 
either  a  pressure  outward  or  a  suction  inward. 
No  very  accurate  experimental  or  theoretical 
determinations  have  been  yet  made  of  the 
amount  of  tliis  pressure  or  suction.  Daniel 
Bernouilli  states  the  following  as  the  true  ex- 
pression of  it : — Let  the  velocity  of  the  particles 
of  the  section  for  which  we  desire  to  determine 
the  pressure  be  noted.  This  velocity,  according 
to  Torricelli's  theorem,  is  the  same  as  would  be 
produced  in  water  flowing  from  an  orifice  at  a 
depth  Qi')  below  the  level.  Now,  suppose  that 
the  tube  beyond  this  were  cut  oft',  a  new  velo- 
city would  in  all  likelihood  be  given  to  the 
particles,  duo  to  a  depth  (A)  below  the  level.  The 
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pressure  or  suction  then  may  be  expressed  hy 
h  —  h'.    As  we  have  already  said,  we  cannot 
absolutely  rely  on  this   determination,  which 
assumes  the  non-existence  of  any  heating  eflfects 
in  the  motion  of  fluids.    In  some  instances  its 
indicated  results  are,  however,  remarkably  in 
accordance  with   the  experiment.     Thus,  in 
cylindrical  tubes,  when  the  fluid  adheres,  the  ef- 
fective velocity  is  greater  than  the  theoretical 
velocity,  and  as  these  may  be  represented  by 
h'  and  h,  there  is  a  certain  amount  of  suction, 
which  ought  to  be,  as  it  is,  perceptible. — It  is  a 
principle  of  universal  application  in  mechanics 
that  action  and  reaction  are  equal  and  opposite, 
and  that  motion  is  produced  only  by  motion  de- 
stroyed.   When,  therefore,  water  flows  out  of  a 
vase  there  ought  to  be  some  movement  produced 
on  the  vessel  itself.    If  the  water  flows  out  hori- 
zontally, the  motion  of  the  vessel  ought  to  be 
horizontal.    The  tnith  of  this  anticipation  xa&y 
be  demonstrated  without  difficulty  by  setting  a 
vase  upon  very  fine  wheels,  on  a  very  smooth 
surface,  and  opening  a  screw  in  it,  by  means  of 
which  motion  will  be  produced  in  the  oppo- 
site direction.     This  is  prettily  illustrated  in 
an  instrument  called  the  hydraulic  tourniquet 
It  consists  of  a  vase  fixed  on  a  vertical  axis 
round  which  it  may  move, 
and  having  two  issues 
horizontally,  as  m  the  fig- 
ure, turned  diflferent  ways, 
perpendicular  to  the  radius 
of  the  circle,  or  as  tan- 
gents  to  the  circle  in 
which  alone  they  may 
move.    In  this  way  the 
vase  of  water  is  made  to 
rotate,  and  its  motion  may 
be   communicated  else- 
where.   It  was  long  be- 
lieved, on  Ne%\ton's  au- 
thority, that  the  amount 
of  this  recoil  might  be 
measured  by  the  weight 
of  a  liquid  column,  havmg 
the  contracted  issumg  vein  for  base,  and  the 
height  of  the  level  for  its  height;  but  it  was 
shown  by  Daniel  Bernouilli  that  double  this 
weight  gives  the  correct  representation  of  the 
height  of  the  equivalent  column.    The  hydraulic 
wheel,  or  turbine,  rests  u])on  this  principle. — 
The  whole  theorj'  of  the  effluence  of  wafer  from 
vases  in  this  waj'  apjilios  evidently  to  the  con- 
struction of  what  are  called  in  this  country- falling 
fountains,  or  Jets  d'ean.    If  the  original -ilirection 
of  the  water  were  vertical,  the  direction  would  be 
very  nearly  that  of  a  straight  line,  the  water 
being  scattered  in  falling  back  on  itself.    If,  as 
is  usual,  the  wall  in  whicli  the  orifice  is  pierced  be 
slightly  inclined  to  the  horizontal  line,  parabolas 
of  more  or  less  curvature  will  be  obtained.  The 
application  of  the  theorem  of  Torricelli  willi  the 
modifications  pomted  out,  will,  in  every  case,  give 


Fig.  4. 


444 


HYD 

rhe  height  to  which  a  jet  can  rise,  and  the  theor}- 
>f  parabolic  cui^es  will  enable  us  to  describe  its 
\vliole  course  when  we  have  given  either  the 
height  of  the  level  from  which  it  is  supplied  with 
water,  or  that  representing  the  pressure  to  which 
the  water  with  wliich  it  is  supplied,  is  subjected. 
— It  remains  for  us  to  notice  several  most  interest- 
ing discoveries  of  Savart's,  relative  to  the  forms 
which  a  fluid  takes  striking  on  a  solid  or  on  a 
fluid.  We  can  give  but  one  or  two  of  the  re- 
sults here.  When  a  rising  column  of  water 
impinges  against  a  horizontal  disc  of  a  certain 
size  the  remarkable  appearance  of  fig.  5  is 
presented.     The  inner  space  is  a  transparent 
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sheet  of  fluid  ;  the  outer  a  sort  of  streaked  and 
marked  space  along  which  lines  of  fluid  stretch 
out,  rapidly  falling  back  in  a  sort  of  spray.  The 
transparent  sheet  sinks  or  rises  (expanding  or 
contracting),  and  the  streaked  space  seems  to  un- 
dergo the  same  changes.  The  pulsations  are 
regular — as  in  the  case  of  the  stream  of  water 
already  noted — and  may  be  made  to  produce  a 
sound.  According  as  the  position  of  the  in- 
tercepting solid  is  nearer  to  or  more  remote  from 
the  height  to  which  the  fluid  if  undisturbed 
would  rise,  so  the  diameter  of  the  transparent 
sheet  increases,  while  the  extent  of  its  striated 
ring  diminishes.  When  a  certain  point  is  reached, 
thb  transparent  sheet  has  attained  its  maximum 
diameter,  and  the  striated  ring  entirely  dis- 
appears. We  can  only  give  an  idea  of  the  many 
results  to  which  the  veiy  beautiful  experiments 
of  Savart  have  been  able  to  lead  him.  The 
forms  presented  wlien  the  intercepting  solid  is  not 
perpendicular  to  the  stream  of  water  arc  different 
from  those  represented.— The  same  author  has 
entered  into  investigations  of  the  cases  when 
one  vein  of  liquid  strikes  against  anotlior. 
>>e  cannot  attempt  here  to  give  even  an 
outline   of   his   researches    or   their  results. 

thA  '^"""'^  "''^^y  '""^^y  described  in 

the  Annolei  de  Chimie  et  de  Physique,  vol.  54, 
and  a  short  and  clear  account  of  them  is 
contained  in  Pouillefs  Trailh  de  Physique,  vol. 
'  mathematical  theory  of  hydro-dynamics 

IS  still  80  obscure  and  imperfect  that  we  have  not 
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chosen  to  offer  any  nccount  of  it  in  this  place. 
If  we  could  grasp  within  definite  and  managc- 
aljleformulaj  the  molecular  forces  tliat  determine 
the  condition  of  fluidity  or  liquidity,  it  can- 
not be  doubted  that  the  more  general  theorems 
of  Dynamics  would  become  immediately 
applicable  to  all  problems  of  the  motion  of 
liquids.  It  were  vain  to  pretend,  however, 
that  this  has  at  all  been  accomplished.  See 
Hydraulics. 

Before  closing  this  article  some  recent  investi- 
gations regarding  the  forms  of  jets  of  water 
demand  our  notice.  Writers  subsequent  to  the 
time  of  Sir  I.  Newton,  Michelotti,  Ettelwein, 
Bidone,  Poncelet,  and  Lesbros,  have  given  vari- 
ous descriptions  and  delineations  of  those  jets. 
The  spiral  form  which  they  frequently  assume, 
asserted  by  Bidone  to  be  illusory,  was  b}'  the 
others  justlj'  maintained  to  be  real.  In  attempt- 
ing to  account  for  the  dilations  on  the  surface 
(see  page  370)  to  which  he  gave  the  name 
of  ventral  segments,  Savary  maintains  that 
the  efflux  itself  imparts  a  vibratory  motion  to 
the  liquid  as  it  passes  through  the  orifice,  and 
that  the  pulsations,  being  perpendicular  to  the 
plane  of  the  orifice,  alternately  press  out  and 
draw  in  the  liquid  as  it  issues,  and  thus  occasion 
the  annular  protubei-ances  in  question. — Professor 
Magnus  has  since  (in  the  PMlosoj^hical  Magazine 
for  February  and  March,  1856,)  undertaken  a 
very  interesting  investigation  into  the  forms  of 
jets  issuing  from  apertures  of  all  kinds.  Regard- 
ing every  jet  as  composed  of  an  indefinite  number 
of  jets  united,  he  justly  considers  that  the  best 
mode  of  investigating  the  peculiarities  of  a  single 
one  is  to  observe  the  results  of  the  confluence  of 
two.  He  commences  with  the  collision  of  two 
equal  cylindrical  jets,  of  equal  velocities,  meet- 
ing centrally  from  opposite  directions.  These  he 
shows,  as  Savart  had  done  before,  spread  out,  at 
their  confluence,  into  a  circular  plate  perpendicular 
to  the  axes  of  the  jets.  When  two  such  jets 
meet  obliquely,  but  centrally,  thej^  again,  by  their 
collision,  throw  out  a  flat  plate,  not  circular  but 
elongated,  in  the  direction  of  a  plane  bisecting 
the  angle  formed  by  the  two  axes,  and  perpen- 
dicular to  the  plane  in  which  they  are.  The  cause 
of  this  is  evident;  for  the  force  of  each  jet  may 
be  resolved  into  two  forces — one  parallel  to  tlic 
first  mentioned  plane,  and  the  other  per|)endicular 
to  it,  the  latter  causing  the  ejection  of  tlie  plat(! 
in  a  plane  perpendicular  to  tlie  direction  of  the 
force,  as  in  the  former  case.  While  the  wati'r 
thus  sjjreads  itself  out  laterallv,  its  piogressive 
movemcnii  docs  not  cease,  ancl  the  plate,  by  its 
cohesion,  contracts  in  widtii  as  it  advances,  par- 
ticularly at  the  edges,  whore  it  collects  into  two 
new  jets  converging  towards  each  otiicr.  These, 
when  they  meet  again,  throw  out  a  new  plate 
perpendicular  to  the  first,  which  goes  througli 
tlie  same  process.  We  liavo  Iherefbre  a  succession 
of  plates,  of  elliptical  forms,  in  two  perpendicular 
planes,  exactly  resembling  the  alternate  links  of 
45 
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a  common  chain. —  If,  again,  two  jets  meet 
obliquely,  but  not  centrall}-,  tbe  same  liquid 
plate^  is  formed  by  those  parts  which  meet,  not 
in  this  instance  flat,  but  twisted  in  cohsequence 
of  its  cohesion  with  the  unbroken  parts  of  the 
jets,  being  spread  between  them  as  a  connecting 
film.  Unless  the  contact  of  the  jets  is  too  slight, 
or  their  angular  inclination  or  velocity  too  great, 
the  same  cohesion  with  the  connecting  film  will 
gradually  deflect  the  unbroken  portions  of  the 
jets  from  their  original  directions,  and  will  keep 
them,  for  some  time  at  least,  from  separation, 
causing  them  to  wind  in  spiral  convolutions 
round  each  other. — The  two  last-mentioned  cases 
will  enable  us  to  understand  the  appearances 
presented  by  single  jets  issuing  from  orifices  of 
various  forms,  these  orifices  being  cut  in  thin  plates 
inserted  in  the  bottom  of  a  vessel  full  of  water, 
in  its  centre,  and  being  small  compared  with  the 
magnitude  of  the  vessel.    First,  let  the  orifice 
be  of  a  rectangular  form,  with  the  length  much 
greater  than  the  breadth.    As  the  film  of  water 
makes  its  exit,  its  edges  approach  one  another, 
each  of  them  being  drawn  together  so  as  to  form 
almost  a  cj'lindrical  jet.    These  two  jets,  meet- 
ing at  an  acute  angle,  throw  out,  between  them, 
the  plate  described  in  the  second  case  of  two 
cylindrical  jets,  in  a  plane  perpendicular  to  the 
original  film ;  and  the  subsequent  successive  mo- 
difications of  tbe  jets  are  the  same  in  both  cases. 
Any  small  object  presented  internally  at  either 
extremity  of  the  orifice,  and  on  one  side  of  it, 
converts  the  chain  movement,  as  we  may  call  it, 
into  a  spiral  one.— Orifices  of  other  forms  produce 
jets  of  singular  variety,  but  all  formed  on  the 
same  principle :  that  is,  any  two  equal  portions 
of  a  jet,  collapsing,  form  plates  in  planes  inter- 
mediate to  them,  or  in  the  extensions  of  such 
planes,  and  the  re -collapsing  of  these  plates 
throws  out  others  in  the  same  manner.    In  all 
these  orifices,  slight  modifications  of  their  form 
readily  give  to  the  jets  a  spiral  twist.    A  par- 
ticular instance  is  that  of  a  jet  issuing  from  a 
square  orifice,  the  successive  changes  of  which  we 
have  described  in  page  370. — Independenth'  of 
modifications  in  the  form  of  the  apertui-e,  there  is 
another  very  common  cause  of  jets  assuming  the 
spiral  form.    That  cause  is  motion  in  the  cistern 
from  which  the  water  is  discharged.  The  slightest 
movement  in  the  water  within  it,  even  when  im- 
perceptible to  the  eye,  is  sufficient  to  produce  that 
effect.  Professor  Magnus  has  not  sufiicienlly  ex- 
plained the  reason :  it  is  this : — Every  motion  in 
tlie  water  ."oon  resolves  itself  into  one  of  rotation, 
because  all  other  motions  are  destroj-cd  by  the 
sides  of  the  vessel.    Wlien  a  rotation  has  once 
begun,  any  portion  of  the  water,  in  moving  from 
the  circumference  to  the  centre,  retains  the  velo- 
city of  rotation  which  it  had  previously :  but  that 
uniform  progressive  velocity  becomes,  every  mo- 
ment, a  greater  angular  velocity,  until  that  which, 
near  the  exterior,  was  impercejjtible,  becomes,  on 
emerging  at  the  centre,  a  rapid  whirl — Even 
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when  there  is  perfect  stillness  in  the  wafer  within 
the  vessel,  a  rotation  will  take  place  in  a  discharge 
from  a  central  orifice.  Some  light  has  been  thrown 
upon  this  by  the  discussions  which  arose  regard- 
ing M.  Foucault's  famous  pendulum  experiment. 
Everything  on  the  earth's  surface  has,  in  conse- 
quence of  the  earth's  rotation,  two  motions ;  one, 
a  revolution  round  the  earth's  axis  in  twenty-four 
hours ;  the  other,  a  rotation  upon  an  axis  of  its 
own,  parallel  to  that  of  the  earth,  in  the  same 
period.    The  latter,  in  the  case  of  a  vessel  of 
water,  may  be  resolved  into  two,  one  parallel  to 
the  surface,  and  another  perpendicular  to  it. 
Neither  of  these  is  perceptible  to  the  eye,  or, 
under  ordinarj'  circumstances,  to  any  experi- 
mental test,  because  the  vessel  itself,  and  every- 
thing around  it,  partake  of  the  same  movement. 
The  horizontal  rotation,  amounting,  in  the  lati- 
tude of  Britain,  to  somewhere  about  one-fifth  of 
a  degree  per  minute  of  time,  the  liquid,  though 
nominally  and  apparently  at  rest,  has  that  amount 
of  angular  rotation  round  a  vertical  axis.  When 
any  portion  of  the  liquid  has  been  drawn  in,  to- 
wards a  central  orifice,  so  that  it  has  approached 
within  one-tenth  of  its  original  distance  from  the 
centre,  the  angular  rotation  of  one-fifth  of  a  de- 
gi'ee  is  converted  into  one  of  two  degrees,  thus 
passing  from  a  state  of  apparent  rest  to  one  of 
perceptible  rotation.  This,  however,  will  scarcely 
be  discernible  in  the  jet  if  the  vessel  is  kept  con- 
stantly full;  but,  when  allowed  to  emptj'  itself^ 
as  was  the  case  in  Magnus's  experiments,  the 
angular  rotation  of  the  water  near  the  orifice  is 
gradually  imparted  to  the  whole  quantity  re- 
maining in  the  vessel,  and  that  again  increased 
as  each  particle  approaches  the  centre,  till,  at  last, 
a  verj'  perceptible  spiral  movement  takes  place 
in  a  jet  issuing  from  a  circular  orifice,  although 
the  water  itself  was  at  first  perfectly  at  rest. — 
In  order  to  observe  the  jets  free  from  all  such 
rotation,  Magnus  intro(iuces  wliat  he  calls  a 
tranquillizer,  consisting  of  four  vertical  plates  of 
metal  radiating  from  the  centre,  but  not  reach- 
ing it.    Perfect  tranquillity  being  thus  obtained, 
and  the  jet  from  the  circular  orilice  carefully  ob- 
served, Magnus  comes  to  the  conclusion  that  a 
descending  jet,  from  such  an  orifice,  so  long  as 
it  remains  unbroken,  is  a  column  constantly 
diminishing  in  diameter,  but  perfectly  smooth, 
and  subject  to  no  irregularities  of  any  kind,  pro- 
vided tliat  no  bubbles  of  air  have  been  jicrmitted 
to  enter,  that  it  be  kept  free  from  vibrations  of 
all  kinds,  and  that  all  causes  of  disturbance  be 
carefully  removed.    In  such  a  jet,  he  denies  the 
existence  of  Savart's  ventral  segments,  pcrccjit- 
ibly  at  least,  and  is  even  disposed  to  question  the 
existence  of  the  vena  coiifracia,  or  at  all  events 
of  any  ])articular  section  to  which  that  name  can 
be  peculiarly  applied,  since,  as  he  says,  there  is 
no  section  of  minimum  area.  The  ulfiniate  sepa- 
ration of  the  mass  he  attributes  to  the  tension 
resulting  from  the  acceleration  in  the  velocity  of 
the  falling  liquid,  which  tension,  at  a  sufficient 
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distance  from  the  orifice,  becomes  strong  enougli 
to  overcome  the  cohesion  between  two  adjoining 
sections  of  the  jet. — In  regard  to  the  vena  con- 
fracta,  however,  aUhongh  the  cohimn  continually 
diminishes  in  diameter,  yet  it  diminishes  at  first 
so  mucli  more  rapidly  than  afterwards,  as  to  in- 
dicate a  change  in  the  cause  of  contraction,  and, 
at  the  section  where  the  one  law  ceases  and  the 
other  commences  to  afiect  the  form  of  the  jet, 
there  evidently  is  the  position  of  the  contraction 
in  question.  Its  exact  place  may  not  be  easily  de- 
termined experimentally;  but  its  exact  diameter 
is ;  and,  had  Professor  Magnus  experimented 
upon  an  upward  instead  of  a  downward  jet,  he 
■would  have  seen  that  there  is  then  an  actual 
section  of  greatest  contraction. — M.  Plateau  (Phi/. 
JJaff.,  for  Oct.,  1856),  after  using  various  argu- 
ments to  prove  that  the  reason  assigned  by  Mag- 
nus, for  the  ultimate  separation  of  the  jet,  is  not 
tenable,  maintains  the  existence  of  the  ventral 
segments  in  jets  from  circular  orifices,  even  when 
disturbances  from  vibrations,  and  from  all  other 
causes,  have  been  carefully  guarded  against.  He 
then  describes  a  cause  of  a  different  kind  which 
he  considers  adequate  to  account  for  these  seg- 
ments.— "  All  physicists,"  he  says,  "  are  now 
acquainted  with  my  method  of  neutralizing  the 
action  of  gravity  upon  a  large  mass  of  liquiii, 
and,  at  tlie  same  time,  leaving  it  free  to  obey 
molecular  actions.    By  means  of  this,  and  after- 
wards of  another  method,  I  have  been  able  to 
obtain  liquid  cj'Unders  and  to  study  their  pro- 
perties.   I  have  thus  corroborated  the  following 
facts: — 1.  A  liquid  cylinder  constitutes  a  figure 
of  stable  equilibrium  as  long  as  the  ratio  between 
its  length  and  its  diameter  does  not  exceed  a  cer- 
tain limit,  between  .3  and  3  6. — 2.  Beyond  this 
limit  the  cylinder  constitutes  a  figure  of  unstable 
equilibrium,  so  that  it  cannot  be  obtained  in  a 
permanent  state  except  by  means  of  certain  hind- 
rances.— 3.  A  liquid  cylinder,  whose  length  is 
very  great  in  comparison  to  its  diameter,  con- 
verts itself,  by  the  spontaneous  rupture  of  equili- 
brium, into  a  series  of  isolated  spheres,  equal  in 
dianieter,  equidistant,  and  having  their  centres 
on  the  line  which  forms  the  axis  of  the  cylinder: 
in  the  intervals  between  these  are  spherules  of 
different  diameters,  having  their  centres  on  the 
same  line — 4.  This  transformation  commences 
with  the  origination  of  regularly  placed  con- 
tractions alternating  with  expansions:  afterwards 
both  one  and  the  other  become  more  developed, 
the  contracted  parts  becoming  thinner,  the  ex- 
panded one-s  thiclicr.    When  the  centres  of  the 
contracted  parts  become  sufficiently  thin,  they 
do  not  rupture  suddenly ;  but  the  liquid,  reced- 
ing on  both  sides  of  each  of  the  centres  towards 
the  expanded  parts,  still  leaves  the  latter  for  an 
instant  connected  two  and  two  by  a  thread  sen- 
sibly cylindrical.  Lastly,  these  tiireads  transform 
themselves  in  the  same  manner  as  tlie  cylinders; 
and,  by  the  rupture  of  threads  still  more  atten- 
uated, resulting  from  tiicir  own  contractions,  they 
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leave  the  isolated  masses  which  fonn  tlie  above 
spherules,  whilst  the  larger  masses  proceeding 
from  the  expanded  parts  of  the  original  cylinder, 
and  which  are  at  equal  distances  asunder,  assume 
spherical  figures. — 5.  This  spontaneous  alteration 
and  tliis  transformation,  whose  final  result  is  the 
formation  of  isolated  spheres  with  spheiules  ar- 
ranged in  the  intervals,  are  not  peculiar  to  cylin- 
ders :  they  accompany  every  other  liquid  figure 
of  which  one  dimension  is  considerable  compared 
to  the  other  two. — For  the  sake  of  those  who 
have  not  repeated  my  experiments,  I  will  here 
mention,  in  support  of  the  above  facts,  a  pheno- 
menon observed  by  all  physicists.    When  along 
a  thin  wire  held  horizontally,  an  electric  dis- 
charge capable  of  fusing  but  not  of  melting  is 
passed,  the  wire  becomes  first  heated  to  a  white 
heat,  and  at  the  same  time  bent  in  consequence 
of  its  elongation :  afterwards  it  is  observed  to 
resolve  itself  into  a  great  number  of  separate 
globules,  which  fall,  and  whose  form  when  cool 
is  found  to  be  rounded.    Now  this  wire,  at  the 
moment  of  fusion,  constitutes  a  liquid  figure  which 
satisfies  the  conditions  above  expressed  in  6. — 
Now  a  jet  of  liquid  issuing  in  any  direction  what- 
ever, fulfils  the  same  conditions  :  that  is  to  say, 
it  constitutes  a  liquid  figure  whose  length  is  con- 
siderable compared  with  its  transversal  dimen- 
sions.   It  should  then  of  necessity  alter  its  form 
in  order  to  transform  itself  gradually  into  a  series 
of  isolated  spheres  with  interposed  spherules ;  and 
the  phenomenon  ought  to  manifest  itself  by  the 
formation  of  contractions  and  expansions  which 
develop  themselves  more  and  more,  until  the 
generation  and  rupture  of  the  threads  take  place 
as  above  described.    But  the  liquid  of  the  jet, 
having  a  motion  of  translation,  which  cari-ies 
with  it  the  expansions  and  contractions,  it  is 
during  this  journey  that  each  of  them  completes 
all  its  progressive  modifications.  .  .  .  Further, 
a  fresh  quantity  of  liquid  being  always  supplied, 
the  transformation  must  be  incessantly  repeated. 
Hence  the  continuous  and  discontinuous  parts  of 
the  jet :  hence,  also,  the  origination  of  expansions 
and  contractions  scarcely  perceptible  near  the 
orifice ;  but  becoming  more  and  more  developed 
as  they  move  onwards  with  the  liquid,  until  tlie 
expansions  arriving  one  after  another  at  the 
extremity  of  the  continuous  part,  successively 
detach  themselves,  and  pursue  their  course  as 
isolated  masses,  which  assume,  or  tend  to  assume, 
a  spherical  form:  hence,  too,  the  spherules  in- 
terposed between  these  masses ;  and,  lastly,  the 
laws  discovered  by  Savart  connecting  the  lengtii 
of  the  continuous  part,  as  well  as  the  tone  pro- 
duced by  the  shocic  of  tlie  jet,  with  the  change 
in  the  diameteri  of  the  orifice." — M.  Plateau, 
however,  does  not  deny  the  cfToct  of  vibrations, 
and  even  musical  tones,  in  accelerating  the  forma- 
tion and  completion  of  ventral  segments,  especiallv 
wlien  tlie  expansions  and  contractions  caused  by 
the  vibrations  coincide  with  those  originating  in 
the  molecular  forces. 
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nydronictcors.    The  whole  aqueous  pheno- 
mena of  the  Atmosphere  are  designated  by  this 
name    The  chief  specific  Ilydrometeors,  viz., 
Clouds,  Dew,  Fogs,  Snow,  and  especially  Rain, 
are  described  and  their  causes  investigated  under 
those  several  titles  in  our  dictionary,  and  under 
Hygrometrt;  so  that  it  simply  remains  for  us 
in  this  place  to  offer  some  account  of  the  ground 
or  root  of  such  laws  as  have  been  ascertained  with 
regard  to  tlie  habitudes  of  the  aqueous  or  vapor- 
ous portion  of  our  composite  Atmosphere.  The 
rational  foundations  of  the  whole  inquiry  were 
laid  by  the  illustrious  Dalton;  but  we  owe  to  the 
late  Professor  Daniell  the  vigorous  and  skilful 
carrj'ing  out  of  Dalton's  general  principles.  It 
is  scarcely  necessary  to  recall  to  the  reader  the 
nature  of  Dalton's  great  discovery  regarding  tlie 
intermixture  of  gases.    It  consists  simply  in  tliis, 
that  one  gas  offers  only  a  mechanical  obstruction 
to  the  diffusion  of  another.    Suppose  that  any 
porous  solid  substance— a  sponge,  for  instance — 
were  plunged  amidst  a  certain  gas,  that  sponge 
would  displace  a  portion  of  the  gas,  but  through 
its  pores  the  gas  would  diffuse  itself  according  to 
its  own  laws — spreading  over  larger  space,  but  in 
nowise  otherwise  affected.    Exactlj'  in  the  same 
way  the  dry,  or  what  may  be  called  the  perma- 
nentlj'-elastic  Atmosphere,  affords  only  a  mecha- 
nical obstruction  to  the  Aqueous  Atmosphere ; 
i.  e.,  it  constrains  it  to  occupy  a  larger  space — to 
mount  higher — than  it  would  do  in  vacuo :  and  in 
return,  the  dry  Atmosphere  is  similarly  affected 
by  the  pressure  of  the  moist  one: — each  Atmo- 
sphere nevertheless  being  affected  by  its  own  laws 
of  diffusion,  as  depending  on  its  ratio  of  elasticity; 
and  each  one  accordingly  might  be  treated  inde- 
pendently, and  its  entire  phenomena  independently 
evolved,  were  it  not  that  their  corresponding 
horizontal  strata  at  different  heights  have  wholly 
different  relations  to  Heat.    That  is  to  say,  sup- 
pose A  B  a  vertical  column  of  dry  air, 
and  a'b'  a  vertical  column  of  the 
vaporous  atmosphere,  diffused  through 
each  other,  they  might  be  treated  quite 
apart,  and  their  phenomena  independ- 
ently deduced,  but  for  the  circumstance 
that  at  the  same  height  A  c,  a'  C,  the 
strata  c'c,  have  not  the  same  specific 
heats,  or  the  savie  relations  to  heat. 
In  which  latter  circumstance,  their 
mutual  actions  and  reactions  arise,  and  give  birth 
to  the  infinite  varieties  and  complications  of  the 
problem  and  its  results.    Such  being  its  general 
conditions,  Mr.'  Daniell  conducted  the  inquiry 
with  signal  industry  and  acuteness.  FolloAving 
the  exactest  rules  of  Method,  he  divided  it  into 
three  parts,  viz. :  First,  What  would  be  the 
habitudes  of  a  permanently  elastic  Atmosphere, 
surrounding  such  a  globe  as  our  earth  ?  Secondly, 
What  would  be  the  habitudes  of  a  purely  Va- 
poi'ous  Atmosphere,  surrounding  such  a  globe? 
And  ihirdli/.  In  what  manner  must  the  two 
Atmospheres,  if  intermixed,  act  and  react  on 
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each  other,  in  consequence  of  the  incongruity  of 
the  relations  of  their  corresponding  strata  to  heat, 
and  thus  modify  the  independent  or  natural 
habitudes  of  both  ? — For  the  general  results  of 
the  first  portion  of  Mr.  Daniell's  investigations, 
we  refer  to  our  article  on  the  Winds,  where  the 
whole  subject  is  minutely  treated.   Had  our  globe 
been  a  sphere  of  equal  temperature,  a  dry  envelope 
of  the  kind  referred  to  w'ould  have  simply  re- 
mained at  rest  over  all  its  surface,  and  presented 
no  phenomena  worthy  of  notice,  except  regularly 
decreasing  elasticity  and  temperature  along  ever}' 
vertical  column.  The  regular  diminution  of  Heat, 
however,  from  Equator  to  Pole,  and  the  irregular 
variations  of  surface  heat,  depending  on  the  con- 
stitution of  the  different  parts  of  the  Earth's 
surface,  disturb  this  rest  and  give  rise  to  inter- 
changing currents — some  comparatively  uniform 
and  universal,  such  as  the  Equatorial  and  Polar 
Currents — and  others  very  irregular,  or  our  ever 
shifting  winds. — In  the  same  manner,  with  regard 
to  a  Vaporous  Atmosphere  surrounding  a  sphere 
homogeneous  in  temperature,  neither  motion  nor 
condensation  could  supervene.    Add  the  element, 
however,  of  a  decrease  of  temperature  from 
Tropic  to  Arctic  Circle,  and  we  discern  the 
necessity  for  an  incessant  evaporation,  or  of  clear 
weather  at  the  equator,  and  a  current  of  vapour 
rushing  northward  and  southward,  condensing  as 
it  flows,  and  deluging  the  whole  of  the  Temperate 
and  Frozen  Zones  with  Kain  and  Snow.    In  tliis 
case  too,  of  course,  the  physical  irregularities  of 
the  Earth's  surface — its  division  into  land  and 
water,  into  sandy  deserts,  marshes,  forests,  and 
cleared  and  cultivated  ground — come  in  to  modify 
the  general  result,  and  to  necessitate  patches  of 
drought  and  patches  of  intensest  rain,  through 
all  its  zones.    These  irregularities,  however,  only 
modify  the  general  laws.    The  third  division  of 
Mr.  Daniell's  able  and  remarkable  investigations 
is  the  difficult  and  complex  portion  of  it,  and 
takes  account  of  the  actual  circumstances  of  the 
case.    Its  conditions  will  be  readily  understood. 
Suppose  that  at  the  point  C  of  the  foregoing 
diagram  the  heat  of  the  stratum  c  is  not  sufiicient 
to  permit  the  vapour  at  c'  to  remain  in  its  natural 
or  elastic  condition,  condensation  must  take  place 
and  rain  fall,  or  clouds  be  formed.    But  this  act 
of  condensation  necessarily  evolves  or  gives  out  a 
quantity  oiheat — that  which  was  formeriy  called 
latent  heat ;  this  heat  communicated  to  the  elas- 
tic stratum  wholly  alters  its  elasticity  and  entire 
condition,  and  new  currents  or  winds— bringing 
with  them  multifarious  changes — must  instantly 
arise.    View  under  this  new  conception  the  com- 
plex structure  of  both  Atmospheres,  as  dependin 
on  the  irregular  distribution  of  Heat  over  the 
surface  of  the  Earth,  and  it  -will  be  seen  how  in 
tricate  and  refined  is  every  problem  in  practice 
Meteorology.    No  doubt,  however,  can  r^'st  oi 
the  fact,  that  there  is  a  ratimal  mode  of  treatin 
the  subject,  and  we  shall  expose  under  Ra 
and  WiSD  the  leading  positive  results  alread 
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reached. — It  ought  to  be  mentioned  that  the  Dry 
Atmosphere  exerts  another  very  important  in- 
fluence with  regard  to  the  production  of  Hydro- 
meteors.  It  retards  the  flow  of  the  vaporous 
ciiiTents,  and  so  prevents  sudden  and  impetuous 
changes.  As  to  the  rate  or  degree  of  retardation, 
or  as  to  the  actual  velocity  with  which  Aqueous 
Vapour  travels,  much  obscurity  and  vagueness 
still  prevail.  The  element,  however,  is  a  most 
important  one  in  practical  Meteorology — involv- 
icg,  as  it  necessarily  does,  the  effects  of  winds  of 
various  degrees  of  strength  ou  the  processes  alike 
of  Evaporation,  and  of  the  deposition — especially 
the  distribution,  of  Rain.  Under  certain  cir- 
cumstances the  appai-ent  motion  of  a  cloud  

which,  however,  rather  signifies  the  diffusion  of 
(he  conditions  under  which  a  cloud  is  formed — is 
enormous,  touching  even  on  three  hundred  miles 
■ner  hour  !  For  details  of  the  remarkable  inves- 
tigation, of  which  we  have  described  the  mere 
bases,  the  student  is  earnestly  referred  to  Prof. 
Daniells  work  on  Meteorology:  its  leading  re- 
sults will  be  found  under  Eain  and  WrxD. 

nyilromeier.  An  instrument  of  the  same 
nature,  and  ou  the  same  principle,  as  the  Aeeo- 
MKTF.E  {q.  «.). 

IIydro!«tatic  Balance.  See  BALANCE  Hy- 
drostatic. 

nrdi-ostaiicsi.  The  science  which  treats  of 
the  equilibrium  of  fluids,  and  of  the  pressures 
which  they  exercise  against  the  walls  of  their 
containing  vessels.— It  is  manifest  that  this 
science  must  be  subject  to  all  the  laws  of  the 
general  theory  of  equilibrium  exhibited  in  ordi- 
nary statics.  But  there  are  two  fundamental 
axioms  which  constitute  it  into  a  distinct  branch 
of  that  science — including  a  peculiar  class  of  pro- 
blems, and  suggesting  and  explaining  a  separate 
class  of  physical  phenomena.  The  first  of  these 
axioms  is,  that  all  action  between  two  fluid  sur- 
faces, or  between  a  fluid  and  a  solid  surface,  is 
twrmal  to  the  plane  in  which  they  meet—or  to 
the  common  tangent  plane  to  the  surfaces  at  the 
pomt  considered.  The  problems  of  ordinary 
f  atics  are  complicated  by  the  introduction  of  an 
indefinite  force— indefinite  so  long  as  it  does  not 
exceed  a  certain  amount  fixed  by  the  conditions 
—which  is  called  friction.  The  science  of 
jiyorostatics  founds  on  the  assumption  that  there 
js  no  such  thing  as  Statical  Fluid  Friction.  In 
nydrodvnamics,  the  same  assumption  is  in  most 
theoretical  books  habitually  made-in  conse- 
quence of  the  yet  insuperable  analytical  diffi- 
ciUties  presented  by  the  problems  'the  science 
wouia  otherwise  present  us,  where  it  is  not  sup- 
^aed  to  hold.  But  the  assumption  that  there 
w  DO  tangential  action  when  fluids  are  actually 
moving  inter  se,  that  there  is  no  dynamical  fluid 
jncuon,  m  certainly  entirely  fallacious-in  the 
ar^r.lr^r''"'^  ^^^^  "^^^o^s  fluids,  such 

?o  thc  stl'i.  r"'*''"'''  "ff^^  a  certain  resistance 
lhat  tt  ^fr""  "'""e  ""o'her;  but  in 

What  are  called  perfect  fluids,  such  as  water,  if 
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there  be  any  such  resistance,  it  is  of  infinilei^ini  il 
amount,  and  may  be  disregarded  in  actual  pro- 
blems of  equilibrium,  where  we  are  dealing  not 
with  actual  motions,  but  with  ineffectual  tenden- 
cies to  motion,  which  are  capable  of  being  coun- 
teracted. In  the  case  of  such  fluids  no  such  ten- 
dency actually  is  counteracted  by  friction. — 
Before  stating  the  second  axiom,  we  shall  see 
how  the  pressures  of  which  it  treats  are  to  be 
measured.  If  we  conceive  a  plane,  containing  a 
unit  of  surface  within  a  fluid — the  pressures  ex- 
erted on  it  by  the  latter  consist,  according  to  the 
first  axiom,  of  a  number  of  parallel  forces,  all  per- 
pendicular to  the  plane.  If  any  one  point  of  this 
plane  be  pressed  exactly  as  much  as  any  other,  the 
sum  of  these  parallel  forces  is  the  pressure  at  the 
centre  of  the  plane.  If  all  these  points  are  not  pres- 
sed by  equal  amounts,  it  is  clear  that  we  can  still 
attach  an  idea  to  the  term  pressure,  at  the  point 
we  have  mentioned.  It  is,  what  would  be  the 
pressure  on  a  unit  of  surface,  if  instead  of  the 
unequal  forces  spoken  of,  forces  acted  at  every 
point  of  it,  all  equal  to  that  which  acts  at  the 
point. — We  have  defined,  then,  what  we  mean 
by  pressure  at  a  point.  But  nothing  has  been 
said  about  the  direction  of  the  plane  on  which 
we  considered  the  pressures  to  act.  Suppose 
that  to  be  vertical,  horizontal,  or  oblique  to  any 
degree — may  there  not  be  corresponding  altera- 
tions in  the  amount,  as  well  as  in  the  direction 
of  pressure?  The  second  hydrostatical  axiom 
answers  by  asserting  that  the  amount  of  pressure 
is  independent  of  the  direction  of  the  surface 
pressed.  So  far  as  it  is  a  special  mathematical 
subject,  hydrostatics  is  entirely  deducible  from 
these  axioms,— which,  by  the  way,  are  not  inde- 
pendent of  one  another.  But'  we  can  only 
exhibit  in  this  place  those  less  abstract  illustra- 
tions of  the  subject,  which  depend  least  on  high 
analysis. 

There  is  always  one  force  acting  upon  fluids 
whose  operation  must  be  borne  in  mind— that 
of  gravity.  AVhenever,  therefore,  a  problem 
in  hydrostatics  presents  itself,  we  must  remember 
that  this  force  is  present,  and  allow  for  its 
effect.  Another  essential  condition  is,  that  pro- 
perty of  liquids  which  allows  them  readily  to 
separate, — the  particles  being  capable  of  arrang- 
ing themselves  in  any  way  without  the  interven- 
tion of  any  opposing  forces.  We  have,  there- 
fore, gravity  and  liquidity  always  as  elements  in 

problems  in  Hydrostatics  A  principle  resulting 

from  the  quality  of  liquids,  lies  at  the  very  foun- 
dation of  the  whole  science,  i.  e.,  that  of  the 
equality  of  pressures,  i.  e.,  tliiit  liquids  have  the 
property  of  transferring  equally  in  every  direc- 
tion any  pressures  applied  at  their  surfaces. — 
Experimental  proofs  of  this  principle  are  rea- 
dily supplied.  Imagine,  for  example,  the  vase 
Q,  filled  up  to  the  level  a  b  with  water,  or  any 
other  liquid ;  and  suppose,  for  the  present,  tiuit 
gravity  is  not  acting  upon  it.  The  vase  in  that 
case  might  at  once  be  removed,  and  there  would 
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result  no  motion  of  the  water.  Gravitating  force 
not  soliciting  it,  and  no  otlier  force  being  present, 
the  water  would  remain  at  rest.  Imagine  now, 
however,  that  a  piston 
is  laid  over  ab  having 
a  weight  of,  suppose  30 
lbs.,  then  the  laver  of 
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water  a  b,  or  any  part 
of  it,  E,  would  fall,  if 
not  supported.    It  does 
not  move ;  so  that  there 
must  be  an  equal  force 
acting  against  it.  It 
transmits,  therefore,  the 
weight,  to  the  layer  or 
part  immediately  below.    There  is  thus  a  doMTi- 
ward  weight  on  that  part,  and  an  upward  force 
from  it,  counterbalancing  one  another,  and  equal 
to  the  weight  on  e,  this  upward  one  exactly 
counterbalancing  it.    Tlus  second  part  (e',  sup- 
pose) would  fall,  if  not  supported:  so  that,  it 
must  be  kept  up  by  the  transmission  of  the  force 
to  what  we  might  call  e",  and  so  on,  until  the 
force  is  transmitted  to  f.    For  every  portion 
similar  to  e,  having  the  same  weight  at  the  top, 
an  equal  pressure  is  transmitted  to  the  bottom, 
and  thus  the  weight  is  faithfully  transmitted 
downwards.    But  it  must  be  transmitted  also  to 
the  sides  of  the  vessel,  which  must  experience  an 
equal  pressure.    This  could  be  readily  shown 
by  boring  a  hole  in  the  side  of  the  vessel, 
through  which  the  water  would  immediately 
gush.    In  fact,  from  the  liquid's  perfect  freedom 
of  motion,  it  seeks  to  move  in  one  way,  just  as 
much  as  in  another ;  and  it  is  not  permitted  to 
move  in  any  way.    The  whole  resisting  force  is 
equally  distributed  over  the  outline  of  the  liquid  ; 
and  therefore  the  pressure  is  equal  on  all  sides  of 
the  vessel.    And  as  it  is  so,  the  amount  of  pres- 
sure on  any  one  part,  wiU  be  to  that  on  any 
other  part,  in  the  ratio  of  the  areas  pressed  respec- 
tively From  this  law  are  deduced  two  condi- 
tions of  equilibrium — the  one  amounting  rather 
to  an  expression,  in  another  form,  of  the  same 
law,  or  of  the  principle  of  liquidity:  i.e.,  1st, 
that  every  molecule  of  the  mass  must  be  solicited 
by  equal  and  contrary  pressures  in  every  direc- 
tion— becoming,  in  fact,  a  sort  of  centre  of  forces ; 
and  that,  2d,  the  upper  molecules  of  a  liquid 
which  are  free,  must  form  a  surface  perpendicular 
to  the  direction  of  the  impressed  force.    This  last 
proposition  needs  little 
Ij?  proof.  Suppose,  for  ex- 
ample, the  vessel  abdf, 
filled  with  fluid  sub- 
mitted to  the  action  of 
gravity  alone,  it  is  clear 
that  tlie  outline  of  tlie 
upr.er  surface  cannot  be 
such  a  figure  as  c  u  k  o  e, 
but  must  become  flat, 
that  is,  horizontal,  and 
80,  perpendicular  to  the 
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vertical  direction  of  gravity.   Suppose,  that  it  did 
actually  take  such  a  shape  as  c  h  k  o  e.  Then 
a  particle  at  k,  for  example,  is  pulled  down- 
wards by  its  own  weight,  and  as  all  the  liquid 
below  experiences  the  pressure  of  that  weight  in 
every  direction,  the  particle  adjacent  at  h  wiU 
feel  it  pushing  it  horizontally,  in  fact,  outwards 
— that  behind  wiU  take  its  place,  and  be  again 
pushed  outwards,  and  so  on.    This  state,  in  which 
there  is  no  equilibrium,  will  go  on  just  as  long 
as  there  is  any  difiference  of  level  in  the  out- 
line c  H  K  G  E ;  and  therefore,  there  can  be  equi- 
librium only  when  the  level  is  preser\'ed  constant 
It  follows,  that  one  means  by  which  we  might 
ascertain  the  direction  of  gra^dtj',  would  be  by 
taking  it  as  perpendicular  to  that  of  still  water. 
We  have  seen  elsewhere  that  the  direction  of  a 
plummet,  by  which  one  usually  tests  the  direction 
of  gravity,  may  vary  from  that  which  we  would 
naturally  expect,  in  consequence  of  the  mass  of  a 
neighbouring  mountain.  (SeeEAKTH.  Figure  of, 
and  Density  of).   May  not  this  caiise  be  eUmin- 
ated  by  the  method  of  taking  the  vertical  disturb- 
ance as  perpendicular  to  still  water  ?    Let  us  re- 
member what  the  direction  of  the  plummet  indi- 
cates ; — it  is  the  direction  in  which  a  small  body  is 
drawn  at  that  spot  by  the  attraction  of  the  whole 
actual  earth.  And  this  deviates  from  the  direction 
in  which  it  would  be  drawn,  if  the  actual  earth 
were  to  be  removed,  and  what  we  may  call  a 
normal  earth  substituted  for  it — that  is,  one  not 
broken  up  by  mountainous  irregularities  of  sur- 
face, but  homogeneous,  and  of  imiform  shape. 
Now  the  same  actual  earth  is  that  obeyed  by  the 
levels  of  the  sea  and  lakes.    When  a  mountain 
is  near  a  sea,  the  level  of  the  sea  must  be  deflected 
somewhat  upward,  towards  that  mountain ;  and 
just  by  the  same  amount  as  the  plummet  is  de- 
flected.   In  fact,  the  force  of  gravity  is,  in  neither 
case,  that  of  the  normal  earth,  but  the  residtant 
of  its  attraction  and  the  attraction  in  an  up- 
ward direction,  of  the  mountain ;  and  the  level  of 
water  must  be  perpendicular  to  that  disturbed 
line.    If  the  Cordilleras,  for  example,  were  a 
hundred  times  higher  than  they  are,  the  seas 
would  slope  upwards  along  the  shores  of  America 
on  both  sides,  and  the  ports  of  France  and 
Western  Britain,  as  well  as  those  of  Japan  and 
China  would  be  drained.    The  fact,  however, 
that  this  result  is  actually  found  in  nature, 
to  a  quite  measurable  extent,  proves  the  truth 
of  the  principle,  that  the  free  surface  of  fluids 
is  perpendicular  to  the  force  that  solicits  them. 
— The  phenomena  of  capillarity  depend  on  the 
same  princi|)les.    We  have  there,  the  force  of 
gravity  tending  to  produce  a  horizontal  level. 
But  there  is  also  a  certiiin  attraction  between  the 
particles  of  the  fluid,  and  those  of  the  containing 
vessel — and  a  further  attraction — resulting  from 
the  fact,  that  no  body  is  perfectly  liquid,  between 
the  jiarticles  of  the  fluid  itself.    The  force  which 
the  free  surface  of  the  fluid  obeys  is  the  resultant 
of  this  set  of  three  forces ;  and  that  resultant  for 
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each  point  of  the  free  surface,  has  certainly  a 
direction  perpendicular  or  normal  to  the  surface. 
— We  have  thus  established  the  conditions  of  equi- 
librium of  a  fluid.  "We  shall  now  investigate  the 
pressures  which  act  upon  the  walls,  and  which  they 
must  be  capable  of  resisting.  This  is  also  fruitful 
of  practical  applications.  Our  first  proposition  is, 
that  the  vertical  pressure  which  a  liquid  exerts 
against  the  bottom  of  its  containing  vase,  is  entirely 
independent  of  the  form  of  that  vase,  and  is  equal 
in  weight  to  the  solid  content  of  a  figure  on  the 
same  bottom,  and  with  the  same  height  of  level. 
Take  a  number  of  tubes,  each  having  the  narrow 
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arm  on  the  right  hand  of  the  same  dimensions,  but 
with  entirely  diflerent  forms  for  the  left  one.  If 
the  right  arm  tube  be  filled  with  water  to  any 
uniform  height  in  them  all,  it  will  be  found  that 
the  left  arm  tubes  appear  filled  to  exactly  the 
same  level.  More  water  has  been  necessary  to 
accomplish  the  task  in  the  one  than  in  the  other, 
but  the  level  in  each  of  the  two  arms  is  the 
same.  The  meaning  of  which  is,  that  the  pressures 
upon  a  layer,  which  we  may  suppose  to  bound 
them,  is  the  same.  The  right  arm,  with  its  uni- 
form bore,  rests  a  uniform  weight  of  water  upon 
this  layer, — producing  a  definite  pressure.  It  is 
kept  in  equilibrium,  however,  by  the  pressure  of 
the  unequal  masses  in  the  other  arms.  Hence, 
the  pressure  does  not  at  all  depend  on  the  shape 
of  the  containing  vessel.  From  a  similar  experi- 
ment, we  may  draw  our  other  conclusion.  In  a 
tube,  of  vertical  axis  and  horizontal  base,  the  pres- 
sure on  the  base  is  evidentlv  exactly  the  weight  of 
the  contents  of  the  tube.  "Every  particle  drawn 
downward  by  gravity,  if  permitted  to  fall  freely, 
would  strike  the  bottom,  and  the  force  of  gravity 
js  therefore  transmitted  entire  to  the  bottom, 
ibis  weight  is  measured  by  the  product  of  the 
area  of  the  base  by  the  height  of  the  level.  But, 
aa  we  have  just  seen,  the  pressure  so  exercised  is 
tuesame  as  in  the  case  of  the  base,  with  the  same 
height  of  level,  in  a  tube  of  any  form.  Suppose 
the  vertical  tube,  in  fact,  to  be  that  in  the  second 
hgure  given.  The  pressure  of  the  water  in  the 
other  vessel  is  exactly  the  same,  and  would  be  so, 

whatever  the  shape 
of    that    tube. — 
What  is  called  the 
0  D  hjdrostatical  para- 

p  dox  depends  on  this 
)  same  principle.  Let 
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leather  sides,  and  with  a  funnel,  a  b,  either 
vertical  or  oblique.    Let  water  be  poured  into 
this,  until  the  bellows-like  vessel  is  full.  If 
a  weight  be  now  laid  upon  c  d,  the  water  will 
rise  to  a,  and  the  weight  of  the  vertical  column, 
a  b,  or  of  the  oblique  column,  a'  b'  X  cos.  of 
obliquity,  will  apparently  balance  the  weight. 
It  will  be  readily  foimd,  however,  by  experiment, 
that  the  weight  on  c  d  wUl  be  the  weight  of  a 
column,  which  would  have  a  base  as  broad  as 
A  B,  instead  of  the  narrow  funnel  of  the  vessel, 
and  a  height  a  6.    Thus,  a  few  ounces  of  water 
may  be  made  capable  of  balancing  many  lbs. 
of^  solid  weight.    The  close  analogy  between 
this  and  what  is  called  the  Hydraulic  Press 
(q-v.)  will  immediately  suggest  itself — This 
pressure,  however,  is  not  only  exerted  against  the 
bottom,  but  also  against  the  sides  of  the  vessel, 
and  upon  all  the  pomts  of  the  interior  of  the  mass. 
The  latter  pomt  we  especially  desire  to  establish. 
Thus,  let  A  B  E  F  be  a  vase  filled  with  water. 
Consider  a  portion,  m  n,  of  , 
the  layer,  CD.  Horizontally,' 
it  must  meet  equal  pressures ; 
with  these,  however,  we  have 
not  to  do.    Vertically,  it  is 
evident  it  must  meet  on  the 
two  sides  with  equal  pres-  ' 
sures,  otherwise  it  would  move 
in    either  one  or  another 
direction.     The  downward 
pressure  is  due  to  the  whole  j 
mass  of   water  remaining 
above  it.    The  vertical  up- 
ward pressure  must,  therefore,  be  equal  to  that. 
The  mass,  m  n,  therefore,  is  in  equilibrium,  under 
the  counteracting  influences  of  tivo  equal  pres- 
sures.   This  would  be  very  strikingly  illustrated 
if  a  foreign  solid  body,^    n  o,  be  introduced  into 
the  fluid.    The  downward  weight  on  the  layer 
m  n,  from  the  upper  water  is  now  removed— at 
least,  ostensibly— and  the  upward  force  is  brought 
into  full  play.    If  there  be  a  smaller  downward 
force  to  counteract  this,  it  is  evident  that  the 
body  will  be  shoved  up.    Let  us  examine  the 
downward  forces  which  counteract  this.  First, 
the  weight  of  the  mass  of  solid  pmno,  and 
next  the  weight  of  the  mass  of  water  r  sp  o. 
Hence,  on  the  one  hand,  a  weight  equivalent 
to  that  of  a  mass  of  water  containable  in  rsm  n, 
acting  upward,  and  two  equivalent  to  the  water 
in  rspo,  and  the  solid  matter  in  pmn  o,  acting 
downwards.    As  these  forces  are  contrarj'  to  one 
another  in  their  line  of  action;  the  force  ulti- 
mately upward  is  represented  by  their  difference, 

i.e.  (I'mns — rpos)  of  water  (or  other  fluid)  

pmno  (oi  solid),  or  by  p  m  no      the  fluid  

pmno  of  the  solid.  The  solid  is  pressed  down- 
wards with  a  force  equivalent  to  its  own  weigiit 
diminished  by  the  weight  of  an  equal  bulk  of 
water.  If,  then,  the  equal  bulk  of  water  be 
heavier  than  the  solid,  it  will  be  pushed  up— if 
lighter,  it  wUl  sink  down— if  equal,  it  will  re- 
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main  in  any  position  without  moving.  Such  a 
solid,  however,  generally  soaks, — i.e.,  its  pores, 
wliich  contained  only  air  before,  become  filled 
^vith.  a  heavier  material,  and  so  the  whole  solid 
becomes  heavier  than  the  equal  built  of  water, 
and  sinks.  The  story  of  Archimedes'  detection 
of  the  deceitful  goldsmith  of  king  Hiero,  is  a 
well  known  illustration.  The  Hydrostatic  Ba- 
lance (see  Balance)  is  another. — When  a  solid 
floats  in  a  fluid,  it  displaces  a  certain  proportion 
of  its  own  bulk  of  water.  The  weight  of  the 
body  is  then  balanced  by  a  bulk  of  water  equal 
to  that  of  the  immersed  portions  of  the  solid. 
The  centre  of  gravity  of  the  solid — in  a  line 
through  which  its  weight  acts — and  that  of  the 
displaced  bulk  of  water — in  a  line  through  which 
the  upward  force  acts,  must  be  in  the  same  ver- 
tical line,  should  there  be  a  balance  of  forces,  or 
an  equilibrium.  From  this  consideration,  three 
states  of  equilibrium  exactly  like  those  described 
in  the  article  Stability,  taJte  place— an  equili- 
)mi\m  stalile ;  when  the  centre  of  gravit}' of  the 
Solid  is  below  that  of  the  displaced  fluid,  in  which 
case,  on  disturbance,  the  body  oscillates  until  it 
finally  settles  in  its  old  position,  like  a  pendulum 
set  in  motion  :  an  equilibrium  unstable,  when  the 
centre  of  gravity  of  the  body  is  above  that  of  the 
displaced  fluid,  and  the  bod\',  therefore,  on  dis- 
turbance, topples  over,  as  a  stick  balanced  on  the 
finger  does, — not  oscillating  back  into  its  original 
position :  and  an  equilibrium  indifferent,  where 
the  body  disturbed  refuses  to  rest  in  any  position 
in  which  it  may  be  placed,  like  a  body  rotating 
around  its  centre  of  gravity — or  a  sphere,  whose 
centres  of  gravity  and  suspension  being  the  same, 
may  rest  on  any  point  of  its  spherical  circum- 
ference.— A  good  practical  illustration  of  the 
theory  now  stated,  is  found  in  the  circumstance, 
that  the  keel  of  a  vessel  and  the  bottom  of  it 
must  be  made  so  much  the  thicker  and  stronger, 
the  deeper  the  vessel  sinks  in  the  water.  Suppose 
that  a  vessel  sinks  16^  feet  in  the  water  when 
loaded.  Its  keel  and  the  whole  bottom  of  the 
ship  must  be  capable  of  resisting  a  pressure  of 
7i  lbs.  per  square  inch;  i.e.  the  weight  of  a 
cvlindcr  of  water  16^  feet  and  a  square  inch,  in 
section.  If  the  vessel  sunk  only  2|  feet,  the  sea 
would  press  on  it  with  a  force  of  1^  lbs.  jicr 
stjuare  inch,  and  so  on.  Hence,  if  a  leak  should 
spring,  in  a  vessel  of  cither  kind,  a  weight  of  7^ 
lbs.  per  square  inch  in  the  one  case,  and  of  1^ 
in  the  other,  would  be  required  to  keep  a  plank, 
hastily  thrown  across,  from  being  driven  up.— 
"We  may  hence  gather  what  enormous  compres- 
sion the  bodies  of  sea  animals  or  plants— or  of 
the  chemical  substances  held  in  solution,  or  of 
the  rocks,  far  down  in  the  sea,  must  undergo. 
All  round  them,  at  a  depth  of  33  feet,  there  is  a 
pressure,  crashing  inwards,  of  15  lbs,  per  square 
inch  (see  Divlno  Bull),  and  this  pressure  in- 
creases exactly  as  the  descent  increases.  We 
can  readily  conceive  how  impossible  it  would  be 
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the  surface  of  the  sea;  just  as  it  would  be  impos- 
sible for  us  to  live  there — from  the  unnatural  ex- 
pansion or  contraction  of  the  material  frame. 
Exactly,  therefore,  as  along  the  mountain  ridges 
there  are  regions  of  flowers  and  shrubs,  wthiti 
which  alone  certain  vegetable  productions  are 
found;  and  as  certain  strips  of  earth,  sharply 
enough  outlined,  seem  the  necessary  limits  of 
certain  races  of  animals  and  men;  so,  unques- 
tionably, must  there  be  in  the  sea  many  totally 
difierent  kingdoms  of  animals,  each  M'ith  their 
corresponding  plants  and  minerak,  most  of  which 
may  visit  one  another  at  slight  and  rare  occa- 
sions, but  generally  remain  as  completely  isolated 
as  if  they  were  dwellers  in  another  world. — Our 
next  proposition  refers  to  the  lateral  pressures 
which  vessels  containmg  fluids  are  subjected. 
This  pressure  sustained  by  the  side  of  a  vase  is 
equal  to  the  height  of  a  column  of  liquid  ha^'ing 
that  base,  and  having  a  height  (perpendicular  to 
that  base)  equal  to  that  of  the  centre  of  gravity 
of  the  side  from  the  level.  This  rests  on  the 
principle  of  the  equalitj'  of  pressure.  We  have 
seen  that  each  point  of  the  layer  c  d,  such  as 
m,  sustains  the  load  of  the  superincumbent 
weight  mr  (see  the  last  figure);  which  being 
transmitted  in  every  direction,  is  transmitted 
also  to  the  particles  at  c,  in  a  direction  vertical 
to  the  side  ae  (that  is,  the  direction  of  the 
complete  pressure  sustained  by  the  side  of  the 
vase).  The  pressure  at  c,  then,  depends  on 
the  extent  of  the  little  space  covered  by  the 
pressing  molecules ;  or  on  the  height  of  the  mole- 
cules and  the  density  of  the  fluid.  Abstract- 
ing this  last,  (which,  as  it  will  enter  into  the  con- 
sideration of  the  pressure  on  every  point  such  as 
c,  we  may  replace,  once  for  all,  at  the  end),  we 
have  the  'pressm-e  at  each  verj'  small  space  o, 
depending  on  the  space  and  the  height  All  the 
pressures,  being  alike  perpendicular  to  the  side, 
are  in  parallel  directions.  Hence,  we  have  a 
number  of  parallel  forces  acting  at  distances 
along  A  E,  proportional  to  the  forces  themselves. 
The  united  action,  therefore,  is  equal  to  that 
of  a  weight  acting  at  some  point  along  the  side 
A  E,  and  equal  to  the  weight  of  a  mass  of  fluid  of 
bulk  equal  to  the  product  of  the  side  A  E,  by  the 
height  of  its  centre  of  gravity  from  the  level. — 
We  thus  have  the  value  of  the  pressures  on  all 
the  sides  of  a  vase  containing  water.  We  next 
want  to  discover  the  points  where  these  pressures 
could  be  resisted.  Wherever  we  have,  as  here,  a 
number  of  parallel  forces  for  their  united  action, 
one  force  parallel  to  them,  and  equal  to  their  smn, 
may  be  substituted.  We  have  found  the  value 
of  this  force,  it  is' required  now  to  find  its  line  of 
direction,  and  point  of  application.  This  is  of 
importance ;  because,  if  a  rigid  surface,  subject  to 
such  various  pressures,  have  njiplicd  to  it  one 
force  equal  and  opposite  to  this,  which  we  may 
call  their  resultant,  there  would  be  no  motion  in 
the  surface.    Of  the  existence  of  this,  one  may 
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a  plank  on  the  side  of  a  vessel,  beneath  the  water, 
IS  somehow  torn  up,  and  that  water  is  gushing 
through.    Suppose  a  planic  pushed  across  the 
aperture,  and  that  no  means  of  fastening  this 
can  be  got  but  by  holding  a  stick,  or  a  bar  of 
iron,  right  against  it  for  some  time.    How  is  one 
to  hold  it  ?    In  the  first  place,  quite  perpendicu- 
lar to  the  surftice  of  the  plank.    But  he  may 
put  that  stick  on  many  parts  of  the  plank,  and 
not  accomplish  the  end.    The  water  will  turn 
round  the  plank,  unless  he  get  it  in  the  proper 
place.    But  there  is,  evidently,  a  proper  place, 
^yhere,  if  he  put  the  stick,  the  pressures  on  one 
side  will  balance  those  on  the  other  aU  round 
and  equilibrium  be  presen-ed.    If  it  slip  momen- 
tarily from  the  perpendicular,  however,  or  go 
from  the  point  so  fixed,  the  water  will  rush 
in.    This  point  is  called  the  ce7itre  of  pres- 
sure.—lis  position  is  evident  in  the  horizontal 
bottom  of  a  vase,  or  at  the  keel  of  a  ship. 
There  all  the  pressures  round  about  are  equal, 
and  we  will  have  simply  to  press  vertically 
upwards  or  do^N-nwards,  with  a  force  equal  to 
the  weight  of  a  column,  having  the  moveable 
base  for  its  base,  and  for  its  height  its  dis- 
tance from  the  free  level  of  the  siuToimding 
fluid,  at  the  centre  of  this  moveable  base.  But 
on  the  side  of  the  vase,  and  on  the  side  of  a  ship 
tlie  pressures  are  not  equal  at  the  different  points, 
i  hey- are  proportional  at  the  different  points,  to 
the  different  vertical  distances  of  these  points 
troni  the  surrounding  level.    Common  sense  v.-Wl 
teach  us  here  something  of  the  result.    It  would 
endently  be  needful  to  put  the  stick  lower  down 
than  the  middle  of  the  moveable  plank  in  the 
ship,  because  stronger  turning  forces  are  exerted 
at  the  lower  than  at  the  upper  part,  and  they 
must,  therefore,  be  brought  to  act  at  a  less  levei-- 
age  than  they.    So  in  the  vase,  the  centre  of 
pressure  will  be  nearer  the  bottom  than  the  top 
for  the  reason  of  the  inequality  of  the  adjacen 
pressures.    The  problem  of  finding  the  meta- 
centre  depends  on  the  use  of  the  integral  calculus. 
Where  the  side  of  the  vase  has  the  form  of  a 
parallelogram,  it  is  on  the  line  bisecting  the  hori- 
zontal sides,  and  one  third  of  its  length  from  the 

fourth  of  the  length  of  the  side  from  the  bottom, 

^LTa  has  been  em- 

P  oyed  throughout  this  article,  applies  to  any  sort 
ot  vessel  in  which  water  may  be  held.  If  two 
lookprj'^'l'  ^"""'^^ted  by  pipes,  they  are 
are  s,i-  'j""^'  ^"''^  '^e  same  vesself  and 
are  subject  to  laws  just  as  if  they  were.  Hence 

St"'''  ^'"'^  P'P«^  thr<;,ghout  a 

town,  the  water  seeks  to  rise  to  its  original  level 

"  accordance  with  the  principles  just  explained 

and  presses  against  obstacle  ,  wi  i,  force  corrc- 

wnicli  the  water  m  the  streets-the  lowest  posi- 

tSrs^'oirceV"  'T'  "  eonerally  supplied  fZ 
these  sources,  gushes  up  and  out.    That  on  the 
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tops  of  high  houses,  again,  or  of  houses  on  ele- 
vated ground,  does  not  flow,  except  quietly  out 
of  the  pipes ;  and,  unless  the  highest  situation 
has  been  chosen  for  the  reservoir  of  water,  tho^e 
houses  which  are  higher  than  it  will  not  be  sup- 
plied by  this  principle  of  gravitation.    If  they 
are  to  be  supplied  at  all,  it  must  be  bv  the  ex- 
penditure of  enormous  artificial  pressures.— In 
the  case  of  vessels  commimicating,  containing 
fluids  which  do  not  intermingle,  it  is  not  at  all 
needful  that  the  same  level  should  be  preserved 
In  fact,  unless  there  be  the  same  density  in  the 
two  fluids,  it  will  not.    Thus,  in  the  vase  a  b  c 
D  E,  there  is  water  and 
mercury.  The  fluids  touch 
at  B  c,  suppose.    Then,  in 
order  to  equilibrium,  there 
must  be  equal  pressures  of 
water  and  of  mercury.  The 
pressure  of  water  is  the 
weight  of  that  contained 
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in  A.  That  of  mercury  is 
that  of  a  column  of  base  b  c,  and  height  the 
difference  of  levels  of  b  c  and  e  ;  and  if  d  be  on 
the  same  level  as  b  c,  the  pressure  of  mercui-y  is 
that  of  a  column  with  b  c  for  its  base  and  du 
for_  Its  height.  Hence,  the  bulk  of  the  ^two 
actively  pressing  masses,  are  as  the  heights  b  « 
and  de;  and  as  their  weights  must  be  equal, 
those  heights  must  be  inversely  as  the  densities, 
ine  height  of  two  communicating,  but  not  inter- 
mingling fluids,  above  their  level  of  contact 
must,  therefore,  be  in  inverse  proportion  of  their 
densities.— Such  the  general  principles  on  which 
Hydroslatics  at  present  rests.  Their  applications 
to  practical  engineering  are  abundant:  but  as 
already  frequently  indicated,  it  does  not  come 

tfiesT  °^       ^"^^^^"^  ^P^"^'*-^ 

Hj-drus.  (The  Water-Snake.)  A  southern 
constellation,  situate  between  the  south  pole  and 
Achemaz,  a  bright  star  in  Eridanus.  The  stars 
a,  ^,  and  y  Hydri  are  each  of  the  third  maLmi- 
tude.  ° 

Hyctogi-aph.  A  graphic  representation  of 
the  average  distribution  of  Ram  over  the  surface 
of  the  Earth.    See  Rain. 

Hycioinclcr.    See  PluvioAieter. 
Hj-gcia.    One  of  the  Asteroids.    For  Ele- 
ments, &c.,  see  Asteroids. 
_  nygi-oinctcr.    One  of  the  most  important 
instruments  required  by  the  Meteorologist;— its 
object  being,  as  its  name  imports,  to  detect  the 
dryness  or  moisture  of  the  Atmosphere.  All 
theoretical  considerations  concerning  Hygrometrv 
being  consigned  to  that  article,  the  constructioii 
and  character  of  the  requisite  instruments  sh  ill 
here  be  alone  described.    Hygrometers  are 'of 
three  classes.— (1.)  The  first  class— being  mere 
[hjyroscopes,  or  indicators,  not  measurers  of 
atmospheric  moisture-need  not,  in  the  present 
state  of  science  long  occupy  us.  Of  Uygroscopcs 
Saussure's  la  the  best,  and  it  has  been  vcrv  ex 
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tensively  uaed.  It  depends  on  this,  that  a  per- 
fectly dry  hair,  and  the  same  hair  saturated  with 
wet,  have  quite  different  lengths— tlie  dry  hair 
being  the  shortest.  Intermediate  lengths  are 
taken  as  roughly  indicating  proportional  humidi- 
ties ;  and  these  are  marked  on  a  dial,  connected 
with  the  hair  bj'  much  the  same  device  that  one 
finds  in  dial-barometers — (2.)  The  second  class 
consists  of  true  Hygrometers,  and  their  object  is 
to  determine  the  Dew-point  by  direct  experi- 
ment. The  dew-point  is  this — the  amount  or 
number  of  degrees,  by  which  the  temperature  must 
at  any  time  be  lowered,  so  that  the  surrounding 
atmosphere  become  inclined  to  deposit  moisture : 
if  this  amount  be  small,  the  inference  is,  that  the 
atmosphere  is  nearly  charged  with  moisture, — if 
large,  that  the  atmospheric  condition  is  compara- 
tivelj'  a  dry  one. — There  are  three  good  Hygro- 
meters, adapted  to  the  immediate  determination 
of  the  dew-point  in  this  way.   First.  Daniell's. 

This  instrument  consists  of 
two  glass  balls,  communicat- 
ing with  each  other  through 
a  bent  glass  tube.  The  ball  a  , 
is  of  black  glass,  about  one 
and  a  quarter  inch  in  diame- 
ter ;  the  ball  d  is  of  the  same 
size,  but  transparent.  A 
small  mercurial  thermometer 
is  fixed  in  the  limb  a  b,  with 
a  pyriform  bulb,  which  de- 
scends to  the  centre  of  the 
blackened  ball.  A  portion  of  sulphuric  ether, 
sufficient  to  fill  three-fourths  of  the  ball  a,  is  in- 
troduced, and— the  atmospheric  air  having  been 
expelled  by  boiling  as  completely  as  possible— the 
whole  is  hermetically  sealed  at  e.  The  baU  d  is 
covered  with  muslin,  and  the  apparatus  is  sup- 
ported on  a  brass  stand,  f  g,  to  which  is  fixed 
another  delicate  thermometer,  whose  readings 
show  the  air- temperature.  To  ascertain  the  tem- 
l)erature  of  the  dew-point,  the  ether  is  all  brought 
into  the  ball  A,  by  inclining  the  tube ;  the  tem- 
perature of  the  air  is  then  registered,  and  ether  is 
])0ured  from  a  dropping  tube,  which  fits  the 
mouth  of  a  small  phial,  on  the  muslin  cover,  d  : 
the  cold  produced  by  the  evaporation  then  causes 
a  condensation  of  the  vapour  of  ether  which  fills 
the  connecting  tube  and  the  ball,  d  e,  and  produces 
a  rapid  evaporation  from  the  ether  in  a  ;  which 
being  a  cooling  process,  the  temperature  shown 
liy  the  enclosed  thermometer  rapidly  sinks.  The 
instant  that  the  ether  within  the  black  ball  is 
cooled  down  to  tlie  temperature  of  the  dew-point, 
a  film  of  condensed  vapour  from  the  air  surrounds 
the  ball  like  a  ring  at  the  level  of  the  surface  of 
the  ether  within  a:  if  the  thermometer  be  read 
off  at  the  instant  this  ring  of  dew  is  formed,  we 
obtain  nearly  the  true  temperature  of  the  dew- 
point;  that  of  the  air  at  the  time  being  shown  by 
the  exterior  thermometer,  f  g.— The  ring  of  dew 
will  gradually  lassen  as  the  ether  withm  the  ba 
is  rccuvcring  its  original  temperature;  and  wll 
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finally  disappear.  At  that  instant  the  enclosed 
thermometer  should  be  again  read  off,  and  this 
reading  will  give  another  approximation  to  the 
dew-point  temperature ;  the  mean  of  this  and  the 
former  determination  may  be  supposed  to  ap- 
proach very  near  the  truth  — The  portability  of 
this  beautiful  instrument  is  a  great  recommenda- 
tion ;  the  whole  apparatus  is  packed  in  a  box, 
which  may  be  readily  carried  in,  the  pocket.  An 
important  deficiency  is  the  smallness  of  the  en- 
closed thermometer,  which  will  not  admit  of  a 
reading  by  estimation  of  nearer  than  half  a  de- 
gree ;  other  drawbacks  to  its  use  are  the  difficulty 
of  obtaining  pure  ether  for  the  experiment,  and 
of  catching  the  instant  of  the  formation  and  dis- 
appearance of  the  ring  of  dew, — seeing  that  the 
thermometer  has  to  be  watched  and  read  off  at  the 
very  moment  that  the  dew  appears  or  vanishes. — 
Secondly.  An  instrument,  essentially  the  same 
with  Daniell's,  has  been  recently  invented  by 
Eegnault;  and  it  must  be  allowed  that  Reg- 
nault's  is  not  subject  to  the  dejections  in  use, 
that  as  every  experimenter  feels,  stand  out 
strongly  against  the  former  instrument.  Eeg- 
nault's  Hj'grometer  consists  of  a  glass  tube,  over 
which  is  slipped  a  thimble,  a  B  c,  made  of  silver, 
very  thin  and  highly  polished, 
1-8  inch  in  depth  and  0-8  inch 
in  diameter ;  it  is  fitted  tightly 
on  the  glass  tube,  c  d,  which 
is  open  at  both  ends. — The 
tube  leads  by  a  small  aperture 
into  the  hoUow  upright  sup- 
port, N  M.  The  upper  opening 
of  the  tube  is  closed  by  a 
perforated  cork  (sometimes  of 
India-rubber),  through  which 
passes  a  very  sensitive  thermo- 
meter, T,  which,  being  much 
longer  than  any  that  can  be 
used  with  Daniell's  hj'grome- 
ter,  is  more  nicely  and  readily 
read  off:  its  bulb  descends 
nearly  to  the  bottom  of  the 
silver  thimble ;  and,  from  the 
same  depth,  rises  a  hollow, 
thin  glass  tube,  g,  which  also 
passes  through  the  cork.  Ether 
is  poured  into  the  tube  as  high 
as  p  Q ;  the  pipe,  ii,  leads  down 
the  hollow  upright  which  is  in 
communication  with  the  flex- 
ible tube  o,  to  an  aspirator  (not  |   i   ■  [ 

shown  in  the  drawing),  that 
is,  a  jar  containing  something  Fig.  2. 

less  tlian  a  gallon  of  water; 
this  jar  is  closed,  except  a  small  aperture,  over 
Avhich  the  flexible  tube  is  made  to  fit  air-tight ; 
at  the  bottom  of  the  jar  is  a  stop-cock,  on  turn- 
ing which  the  water  will  run  out.  The  aspirator- 
jar  is  near  the  observer,  but  the  instrument  may 
be  at  any  convenient  distance,  so  as  to  be  re- 
moved from  the  heat  of  the  person.— When  Uie 
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dew-point  is  to  be  ascertained,  water  is  allowed 
to  run  from  the  aspirator-jar ;  this  will  produce 
a  current  of  air  through  the  fine  tube,  whose 
mouth  is  at  g,  and  the  pipe  of  communication, 
M  N ;  to  reach  the  space  above  the  ether,  the  air 
must  pass,  bubble  by  bubble,  through  it,  which 
will  produce  an  uniform  temperature  throughout 
the  whole  mass  while  it  is  subject  to  the  agita- 
tion produced  by  the  rapid  passage  of  air ;  and 
the  silver  thimble  will  be  of  the  same  tempera- 
ture as  the  ether  within,  the  degree  of  which  will 
be  shown  by  the  immersed  thermometer,  t.  If 
very  great  nicety  is  required,  the  thermometer 
may  be  read  off  by  a  small  telescope,  but,  with 
care,  this  is  seldom  necessary. — At  the  moment 
that  the  ether  is  cooled  down  to  the  dew-point 
temperature,  the  whole  external  surface  of  the 
silver  thimble  becomes  covered  with  a  coating  of 
moisture ;  and  the  degree  shown  by  the  thermo- 
meter, at  that  instant  of  time,  must  be  marked. 
Let  us  suppose  the  first  reading  to  be  46° ;  it  is 
probable  that,  as  a  fraction  of  a  second  was  lost 
as  the  e3'e  glanced  from  the  silver  to  the  ther- 
mometer, this  reading  is  too  low.     In  a  few 
moments  the  dew  disappears  and  the  thermometer 
rises ;  but  now  its  reading  is  probably  too  great, 
say  48°.    The  stop-cock  of  the  aspirator  is  then 
gently  opened,  and  a  small  stream  of  air-bubbles 
rises  through  the  ether,  and,  by  nice  adjustment, 
the  thermometer  is  observ'ed  steadily  to  read 
47°-3  at  the  instant  that  the  dew  is  formed:  re- 
peated trials  are  sometimes  necessary,  but  five 
minutes  will  generally  suffice  for  the  whole  ope- 
ration.   The  inventor  found  three  or  four  suffi- 
cient to  determine  the  dew-point  to  the  tenth  of 
a  degree — The  second  tube,  a'  b',  holds  a  second 
thermometer,  t',  circumstanced  in  every  way 
like  that  used  in  determining  the  dew-point,  and 
its  reading  gives  the  temperature  of  the  air 
at  the  time  of  observation.   This  additional  ther- 
mometer need  not  necessarily  be  mounted  in  the 
same  manner  as  the  dew-point  thermometer,  as 
the  temperature  of  the  air  may  be  learnt  from 
one  suspended  in  the  usual  way.— The  direct 
method  by  which  the  dew-point  mav  be  ascer- 
tmned  by  marking  the  clouding  of  the  polished 
silver  surface,  is  so  great  a  recommendation,  that 
nothing  but  cheapness  is  requisite  to  bring  Eeg- 
nault's  hygrometer  into  general  use.  Messrs. 
JNegretti  and  Zambra  have  constructed  the  in- 
strument in  a  simpler  form,  at  a  price  not  greater 
tban  IS  paid  for  Daniell's.— The  aspirator  need 
not  be  a  vessel  of  water:  at  Kew  two  circular 
ooards  are  united  by  leathern  sides,  after  the 
manner  of  a  pair  of  bellows :  to  the  bottom  board 
Jf  "."ached  a  weight;  and  in  the  top  board  is  a 
prqection  to  which  the  india-rubber  tube  is  at- 
jacnea:  when  an  observation  is  to  be  taken,  the 
Doards  are  made  to  approximate  by  a  pulley,  and 
as  the  lower  one  is  allowed  to  descend,  a  draught 
Of  air  ,3  produced,  the  foree  of  which  may  be 
Wgula  cd  at  pleasure.   This  apparatus  does  away 
With  the  trouble  of  constantly  supplying  water  to 
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the  aspirator-jar,  as  is  necessary  in  the  usual 
construction;  though  some  aspirators  are  made 
double,  so  that  they  may  be  reversed  when  the 
water  has  run  out  of  one  compartment  into  the 
other,  and  thus  the  same  quantity  of  water  may 
be  made  serviceable  for  any  length  of  time. — 
The  third  instrument  of  this  class,  we  shall  men- 
tion, is  due  to  Professor  Connell  of  the  University 
of  St.  Andrews.   It  is  represented  below  (fig.  3) 
—  A  is  a  small  bottle 
made  of  highly-polished 
brass  or  silver :  it  is  par- 
tially filled  with  ether, 
and  the  temperatm-e  is 
lowered  by  means  of  an 
exhausting  syringe,  d  e, 
which  causes  the  ether 
to  evaporate  rapidly :  a 
thermometer,  t,  whose 
bulb  dips  into  the  ether, 
shows  the  temperature 
of  the  dew-point  at  the 
instant  that  the  polished 
exterior  of  the  bottle 
becomes  clouded  with 
moisture,   g  is  a  clamp 
to  fix  the  instrument 
to  a  steady  support. — 
(3.)  To  the  foregoing  second  class  of  Hygro- 
meters, there  is   one  essential  practical  ob- 
jection.    Each  determination  of  atmospheric 
moisture,  by  these  instruments,  is  of  the  nature 
of  an  experimeiU,  not  of  an  observation;  and 
the  magnitude  of  this  objection  ma.y  be  guessed, 
should  one  suppose  it  necessary  to  perform 
an  experiment,  instead  of  merely  reading  a 
scale,  previous  to  determining  the  thermometric 
condition  of  the  air.    The  conversion  of  experi- 
ment into  observation  is  the  object,  and  the  im- 
portant object  of  the  class  of 
instruments  about  to  be  de- 
scribed. So  successful  are  they, 
that  every  other  kind  of  hygro- 
meters must  now  be  regarded 
only  as  instruments  of  con- 
venience or  verification.  The 
dry  and  wet-bulb  thermometers 
of  Mason,  or  the  Psychrometer 
of  August,  is  represented  in 
fig.  4;  and  its  principles  are  aa 
follows: — Under  general  cir- 
cumstances, or  rather,  when- 
ever it  is  not  saturated,  the 
atmosphere  will  take  up  the 
vapour  of  water:  the  drier  it 
is,  the  more  rapidly  will  eva- 
poration proceed  ;  and  this  the 
more  slowly  as  its  condition 
approaches  that  of  complete 
saturation.    When  in  sucii  a 
state,  no  more  moisture  will  ri.se 
in  the  air.  Now,  as  evaporation 
proceeds,  heat  is  absorbed  by  tlie         yig,  ^ 


HYG 

conversion  of  the  water  around  the  wet-bulb  into 
vapour,  and  the  mercury  in  the  wet-bulb  thermo- 
meter will  fall  a  greater  or  less  number  of  degrees 
below  the  air  temperature,  according  to  the  dry- 
ness of  the  atmosphere.  When  the  air  is  satu- 
rated, the  readings  will  be  the  same. — Evapora- 
tion from  the  wet-bulb  will  proceed  even  when 
the  temperature  is  below  freezing;  but  in  this 
case  the  readings  must  be  taken  with  great  care, 
and  the  differences  will  always  be  small — The 
reading  of  the  wet-bulb  thermometer  gives  the 
temperature  of  evaporation  :  and  the  important 
l)i-oblem  to  be  solved,  is  to  deduce  the  dew-point 
from  this  record,  combined  with  the  temperature 
of  the  air  as  indicated  by  the  dry-bulb — The 
scientific  problem  now  enunciated  has  received 
several  solutions.  Until  quite  recently,  that  of 
Dr.  Apjohn,  of  Dublin,  had  general  acceptance. 
It  is  this : — 

Let    f  =  tension  of  aqueous  vapour  at  the 
dew-point  temperature  which 
we  desire  to  know. 
J"'  =  the  tension  of  vapour  at  the  tem- 
perature of  evaporation,  as 
shown  by  the  wet-bulb  ther- 
mometer, 
a  =  the  specific  heat  of  air. 
e  —  the  latent  heat  of  aqueous  vapour. 
(t — <')orc/  =  the  difference  between  the  read- 
ing of  the  dry-bulb  thermo- 
meter and  that  of  the  wet. 
p  =  the  pressure  of  the  air  in  inches : 
then  Apjohn' s  formula  is. 
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or  with  the  co-efflc-icnt, 
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Since  the  year  1834  and  1835,  during  which 
Dr.  Apjohn  produced  liis  Memoirs;  and,  indeed, 
very  lately,  M.  Regnault  (see  Vapours)  has 
laboriouslj',  and  with  unprecedented  accuracy, 
investigated  the  entire  habitudes  of  vapours. 
]\Iodifications — apparently  the  final  ones — have 
accordingly  been  imposed  on  the  foregoing  for 
inula.  At  present,  at  all  events,  this  scientific 
problem  has  the  following  as  its  best  solution : 
viz., 
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where  n  is  the  elastic  force  of  the  vapour  actu 
ally  in  the  air;  t,  the  temperature  of  the  air; 
and  r,  tliat  of  evaporation  in  centigrade  de 
grees.  M.  liegnault  has  pursued  his  researches 
farther;  he  investigates  the  effect  of  the  wind; 
and  the  result  is,  that  the  foregoing  formula 
will  quite  apply  in  all  cases  where  the  wind 
is  not  very  strong. — Many  practical  dilRculties 
are  still  in  the  way  of  accurate  bygrometrical 
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observation: — for  instance,  every  practical  ob- 
server knows  that  he  can  trust  to  no  existing 
mechanical  contrivances  which  aim  at  keeiiing 
the  wet-bulb  always  moist.  Nevertheless,  certain 
important  general  laws,  or  approximations  to 
such,  have  been  determined : — these  will  be 
found  in  next  article. 

Hygroniclry.  That  peculiar  constitution  of 
the  Atmosphere,  which  gives  rise  to  phenomena 
connected  with  Moisture,  in  its  various  forms, 
has  been  explained  under  Hydrojieteous.  The 
specific  object  of  Hygrometry  is  to  ascertain,  by 
suitable  instruments,  Qlygromeitrs)^  the  elastic 
force  of  the  vaporous  Atmosphere  under  various 
conditions,  and  to  determine  the  laws  of  tlie 
variations  of  this  force.  In  this  article  we  shall 
give  a  brief  account  of  the  conclusions  already 
reached. 

(1.)  Diurnal  Variation  of  the  Elastic  Force  of 
Vapour  in  the  Air. — The  following  facts  or  laws 
may  be  taken  as  nearly  ascertained.    In  the 
morning,  before  sun-rise,  the  absolute  quantity 
of  vapour  in  the  air  reaches  its  minimum ;  at  the 
same  time  the  humidity  of  the  air  attains  its 
highest  point.    As  the  sun  ascends,  evaporation 
quickens ;  the  tension  of  the  vapour  augments ; 
it  reaches  its  maximum  with  the  temperature; 
at  the  hottest  hour  the  humidity  of  the  air  is  the 
least. — (It  is  right  to  define  that  by  the  rather 
ague  term,  humidity,  Meteorologists  mean  the 
ratio  of  the  vapour  actually  in  the  air  to  the 
amount  which  the  atmosphere,  at  a  certain  tem- 
perature, could  contain). — In  whiter  there  is  but 
one  maximimi  and  minimum  during  theday ;  but  it 
appears  that,  in  summer,  there  are  two  maxima 
and  minima — the  one  foUowmg  the  course  of 
temperature,  the  other  maximum  occurring  be- 
fore noon,  and  the  minimum  between  that  and  the 
hour  of  highest  temperature.  These  irregularities 
and  apparent  anomalies,  are  doubtless  owing  to 
the  action  of  ascending  atmospheric  currents, 
which  carry  up  the  vapours  and  diffuse  them. 
Depositions  take  place  in  these  higlier  regioiK<, 
assuming  the  form  of  clouds ;  and  the  pressure 
of  the  vaporous  atmosphere  is  thus  lightened. 
We  wait  for  that  steady  obser\-ation  of  a  few 
years,  which  can  alone  be  furnished  by  photo- 
graphic instnunents,  to  clear  difficulties  away  on 
this  series  of  questions. 

(2.)  Monthly  Variations — These  follow  \cry 
nearly  the  progress  of  temperature.  In  our 
latitudes,  the  minimum  of  vaporoiis  tension  occurs 
in  January — tlie  maximum  in  July.  The  mini- 
mum of  humidify,  on  the  contrary,  is  m  August, 
and  the  maximum  in  December.  Science  urgently 
demands  that  observations  be  accumulated,  in 
diflorcnt  climates,  and  even  m  all  zones  of  the 
earth. 

(3.)  Vapours  at  dijferent  Heights — The  rnpi'^ 
descent  of  temperature  as  we  ascend  in  the  at- 
mosphere, is  necessarily  accompanied  by  a  rapid  ; 
diminution  also  of  the  tension  of  the  vapour  con-  ( 
tained  in  it;  but  the  interesting  question  arises, 
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•  whether  the  humidity  of  the  air  also  dimaiishes 

-  — that  is,  ^vhethe^  the  fraction  ?  {t  being  the 

T 

:  tension  or  elastic  force  of  the  vapour,  and  t  that  of 
I  the  air),  diminishes,  or  otherwise  varies  greatly  ? 

The  best  existing  determinations  of  this  ratio 
;  are  bj- Saussure,  at  elevations  among  the  Alps;  by 
1  Kiemtz,  also  among  the  Alps ;  and  by  Gav 
i  Liissac,  during  his  celebrated  balloon  ascent. 

•  Saussure  was  inclined  to  think  that  the  element 
of  humidity,  (or  the  foregoing  ratio),  actually 
decreases  along  with  the  positive  amount  of 

.  vapour:  but  his  conclusions  are  not  supported 
by  these  subsequent  observers.  Kremtz  con- 
tends very  strongly  that  the  ratio  of  humidity 

■  remains  constant  at  all  heights ;  and  it  ap- 
jiears  from  Gay  Lussac's  observations,  that 
while  that  ratio  diminislied  rather  irregularly  to 
the  height  of  3,000  French  metres,  it  maintained 
itself  invariable  from  that  elevation  up  to  the  ex- 
treme height  to  which  he  ascended,  viz.,  7,000 

.  metres.    It  may  on  the  whole,  then,  be  accepted 
.  as  most  probable,  that  the  humidity  of  the  various 
beds  of  the  atmosphere,  varies  exceedingly  little 

-  m  consequence  of  their  elevation. 

(4.)  Humidity  of  the  different  Winds  We 

have  seen  that  the  humidity  of  the  air  varies 
'With  the  hours  of  the  day:  but  just  as  in  the 
case  of  the  barometer  and  the  thermometer,  (g.».), 
this  regular  march  of  phenomena,  is  disturbed 
by  the  different  Winds.  Each  wind,  indeed, 
appears,  in  every  countrj'  and  locality,  to  have, 

•  as  proper  to  it,  a  certain  condition  of  humid- 
:ity  and  dryness, — depending  on  relations  be- 

■  tween  the  regions  from  which  it  blows,  and  those 
at  which  it  arrives.  See  Winds.  The  mean 
humidity  of  any  day  or  hour  cannot  thus  be 
correctly  ascertained  unless  account  is  taken  of 
the  mean  state  of  the  wind.  Observations  on 
this  interesting  subject  are  still  by  far  too  few  ; 
but  the  researches  of  Ksemtz,  and  a  few  other 
'  'bseryers,  justify  the  following  general  conclu- 

ns  in  respect  of  Western  Europe.  In  winter 
t'le  east  wind  is  humid,  and  dry  in  summer; 
^  iile  the  reverse  is  the  case  with  the  west  wind. 
Ihis  inversion  holds,  apparently  because  the 
">vest  wmd  in  winter  is  warmer  than  all  other 

inds,— a  character  belonging  to  the  east  wind 
summer.  But,  for  example,  if  m  winter,  after 
>"e  west  wind  has  for  some  time  prevailed,  a 
more  humid  and  cold  wind  arises  from  the  east 
or  north-east,  the  sky  immediately  clouds  over, 
ana  part  of  the  vapour  is  condensed  into  rain,  or 
'I'-nse  weather,— the  barometer  all  the  while  con- 
"""•ng  high.    The  reverse  of  course,  holds, 

nen  the  opposite  change  takes  place.  In  sum- 
ncr,  on  the  other  hand,  both  sets  of  phenomena 
"  c  necessarily  reverscd.-Such  are  the  leading 
"  ts  already  ascertained  in  Ilvgrometry.  The 
'•'1^^  referred  to  Kicmtz's'work  on  il/etor- 
to  our  own  articles,  lIvDnoMETEOB  and 
the  Frpn'"?  a^Imirablc  dissertations  in 

ine  i-rench  Annuaire  Meteoroloyijjue. 
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Hygroscopc.  All  substances  which  absorb 
the  huniiility  of  the  atmosphere,  and  so  change 
form,  weight,  volume,  or  any  physical  attribute, 
are  called  Hj'gi-oscopes.  They  indicate  moisture. 
It  is  only  when  tlie  change  bears  some  relatijn 
to  the  amount  of  moisture  imbibed,  that  tiiev 
answer  hj'grometric  purposes.  See  Hyc;ko- 
METER.  Bodies  with  this  propertj',  sucli  as 
hair,  cords,  chloride  of  calcium,  potash,  &c.,  are 
said  to  be  hygrometric  or  hygroscopic. 

Hyperbola.  A  cur^'e  which  is  the  locus  of 
the  point  to  which  two  lines  being  drawn  from 
two  fixed  points,  their  difference  shall  be  equal  to 
a  constant  quantity.  It  is  one  of  the  conic  sec- 
tions. It  has  two  branches  equal  and  similar. 
It  has  four  asymptotes  passing  through  the  centre, 
or  point  of  bisection  of  the  line  between  the  two 
origmal  points.  Taking  this  line  as  axis  of  x, 
and  that  perpendicular  to  it  through  the  centre  as 
axis  of  y,  the  equation  of  the  hyperbola  is, — 
y* 

II)l>otfaesis.  A  logical  instrument  of  re- 
search, of  consummate  importance.  There  are 
few  Inquirers,  save  those  of  the  lowest  order, 
who  are  not  inspired  with  the  conception  of  some 
theory,  or  the  hope  of  obtaining  a  certain  kind  of 
result,  when  their  inquiries  are  undertaken.  This 
hope  or  conception  "  shapes  then-  ends ;"  and  this 
hope  or  conception  is  the  true  logical  hypothesis. 
Success  or  failure — complete  or  partial— depends 
of  course  on  the  breadth  and  fitness  of  the.  analogies 
which  have  induced  and  .which  sustain  suc?i 
hopes :  but  no  Inquirer  deserves  his  name  who 
■will  refuse  to  sacrifice  the  most  sanguine  expecta- 
tion, on  the  instant  that  it  is  contravened  br 
unquestionable  fact — This  latter  rem  ark  ,  leads  to 
the  question,  are  there  not  illegitimate  as  well  as 
legitimate  hypotheses?  Their  trial  being  by  the 
test  of  facts,  can  any  Hypotheses  be  legitimate, 
which  in  their  very  nature  are  incapable  of  being 
verified  or  disproved  by  facts  ?  And  if  our  re- 
ply must  be  in  the  negative,  what  becomes  of 
those  hypotheses  regarding  invisible,  intangible, 
undiscoverable  ethers,  by  which  and  their  sup- 
posed undiscernible  undulations,  the  phenomena 
of  physical  optics  are  still  attempted  to  be  ex- 
plained !  Ethers  and  imponderable  Fluids  have 
now  given  place,  in  the  Science  of  Electricity,  to 
the  rational  consideration  of  Polar  Forck<?. 
We  are  fast  losing  faith  in  similar  artifices,  in 
our  Theories  of  Heat.  May  it  not,  by  all  this,  be 
foreshadowed,  that  before  many  years  shall  have 
elapsed,  the  doctrine  of  Undulations  shall — like 
the  old  doctrine  of  Emission — come  to  bo  treated 
merely  as  a  "  rude  and  beggarly  element,"  which, 
in  its  day  and  generation,  stimulated  men  to 
think,  and  so  did  good  service  ? 

Ilypsoincircy.  A  term  applied  to  the  pro- 
cess by  whicli  Heights  are  measured  by  aid  of 
indications  of  the  Barometer.  Sufiicicnt'has  been 
said  on  the  subject  under  Altitudks. 
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Ice.  When  water  is  brought  to  a  certahi 
temperature  it  solidifies,  with  expansion.  Solid- 
ilied  water  is  called  ice.    See  Freezing. 

Ignis  Faiiiiis.    See  Meteor. 

Ignition.  The  art  of  kindling  a  body.  Usual- 
ly by  applying  heat  to  it,  sometimes  by  chemical 
processes.    See  Heat. 

Images,  X)Icciricnl.  A  verj'  curious  sub- 
ject, connected  with  the  theory  of  the  distribution 
of  Electricity.  The  effect  of  a  body  electrified  in 
any  way,  upon  an  uninsulated  sphere,  is  com- 
pletely represented  by  "  the  image  of  the  electri- 
lied  body  in  the  sphere."  When,  again,  an 
electiitied  body  is  placed  in  the  neighbourhood  of 
two  uninsulated  spheres,  an  inductive  effect  is 
produced  that  may  be  represented  by  an  infinite 
series  of  "successive  images"  in  each  sphere. 
When  a  single  conductor,  bounded  by  segments  of 
two  spherical  surfaces,  cutting  at  an  angle  which 
is  a  submultiple  of  two  right  angles,  is  electrified 
by  the  influence  of  a  charged  body,  the  effect 
may  be  represented  by  a  finite  number  of 
"  image.s  "  disposed  in  a  symmetrical  manner  in 
the  circumference  of  a  circle  passing  through  the 
exciting  or  inducing  body,  and  cutting  the  tjvo 
spherical  surfaces  at  right  angles.  The  pheno- 
menon quite  resembles  the  production  of  sym- 
metrically arranged  images  in  a  kaleidoscope. — 
For  the  development  of  this  curioua/  Subject,  we 
are  indebted  to  Professor  William  Thomson  of 
Glasgow  University.   See  his  remarkable  papers. 

Images,  Elcctrogi-apliic.  The  phenomena 
row  refeiTed  to,  were  discovered  by  Eiess.  Place 
a  sheet  of  glass  between  two  points  that  connect 
the  poles  of  a  battery,  and  there  will  be  found 
proceeding  towards  its  edges  clear  indications  of 
disintegration.  These  lines  or  marks  are  conduc- 
tors ;  but  the  most  singular  thing  is  this, — other 
parts  of  the  surface  of  the  glass  have  become  con- 
ductors, without  having  seemed  to  undergo  any 
external  modification.  If  the  surface  of  the  glass 
be  breathed  on,  these  points  become  apparent,  and 
are  found  arranged  symmetrically.  The  same 
thing  occurs  with  the  surfaces  of  other  substances : 
the  figures  are  finest  in  the  case  of  mica.  The 
process  by  which  they  are  produced  is  evidently 
a  disintegrating  one, — to  -which  may  probably  be 
referred  those  remarkable  mechanical  effects  of 
Electricity  first  noticed  by  the  late  excellent  Mr. 
Crosse  of  Fyne  Court. 

Images,  PhoJogrnpliic.  Amply  discussed 
under  several  appropriate  articles. 

Images,  Thcruiograpliic  or  ITIosrr's. 
An  extremely  interesting  series  of  results  whose 
fixed  bearing  is  not  yet  determined.  They  are 
connected  evidently  with  the  chemical  action,  as 
it  is  termed,  of  rays  of  light,  even  although  tliey 
occur  under  circumstances  that  appear  to  exclude 
Light.  Detailed  description  in  this  dictionary  is 
impossible,  so  that  we  must  refer  to  the  memoirs 
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of  Moser,  to  the  account  of  them  by  Arago,  to  the 
very  original  investigations  by  Dr.  Draper  of 
New  York,  ard  to  the  subsequent  researches  of 
M.  Knorr.  A  full  digest  may  be  seen  in  the 
Repertoire  d^Optique  Sfoderne,  by  the  acute  and 
industrious  Abbe  Moigno.  The  class  of  facts 
may  be  defined  by  the  following  rather  startling 
proposition.  If  any  two  bodies  be  placed  suffi~ 
ciently  near  each  other,  and  face  to  face,  they  tend 
to  impress  their  images  on  each  other.  And 
Knorr  has  shown  that  the  eflfectiveness  or  celerity 
with  which  they  do  this  is  augmented  by  in- 
crease of  Temperature.  The  full  discussion  of 
this  curious  subject  would  demand  a  separate 
treatise. 

Imaginaries.  Imaginary  quantities  in  Al- 
gebra, are  expressions  involving  the  symbol 

1 ;  a  symbol  having  no  assignable  arith- 
metical or  numerical  meaning,  and  therefore 
termed  an  Imaginary.  It  is  often  thrown  up  in 
the  course  of  processes  of  Arithmetical  A  Igebra ; 
but  this  is  not  accounted  illegitimate,  since — if 
the  problem  being  resolved  be  not  an  impossible 
or  contradictory  one — it  disappears  in  the  course 
of  the  operation,  and  in  nowise  affects  the  result. 
Should  such  an  expression  appear  in  the  result, 
the  inference  drawn  from  it  is,  that  the  Elements 
of  the  problem  are  self-contradictory  or  incom- 
patible. Or,  if,  in  the  case  of  a  numerical  equa- 
tion— say  of  the  fourth  degree — two  roots  turn 
out  imaginaries,  the  inference  is,  that  the  pro- 
blem is  such  an  one  that  two  numbers  only — not 
four  as  usual  with  such  equations — can  be  found 
to  answer  its  requirements  Taken  as  an  ab~ 

struct  symbol,  however,  the  expression  V  —  1, 
has  quite  a  different  importance.  Viewed  in  this 
light  it  is  a  most  important  ^osi^ire  sj-mbol — in- 
dicating posiiww  in  geometry.  We  shall  discuss 
the  entire  subject  under  Quaternio.vs.  The 
student  is  also  referred  to  De  Morgan's  Trigo- 
nometry. 

When  one  body  strikes  against 
question  as  to  the  velocity  it  will 
the  direction  along  which  it  will 
fact,  the  whole  resulting  circum- 
stances— constitute  a  problem  of  simple  dynamics, 
to  which  is  applied  the  name,  of  the  problem  of 

Impact  In  the  general  case  of  two  bodies,  each 

moveable,  striking  against  one  another,  a  motion 
is  communicated,  independent  of  its  direct  mo- 
tion, in  some  straight  line.  Rotation  is  usually 
imparted  to  each  body.  This  part  of  the  problem 
— viz.,  the  determination  of  the  nature  and 
amount  of  the  rotation — we  shall  not  concern 
ourselves  with  here. — If  a  body  strike  against  an 
immovable  obstacle,  with  its  centre  of  gravity 
perpendictilar  to  that  obstacle,  it  ought — on  tli" 
sujiposition  that  each  body  is  perfectly  rigitl 
and  incapable  of  any  alteration  in  its  form- 
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k)  have  its  motion  completely  destroyed.  This 
jupposition,  however,  though  frequently  useful  to 
xieep  out  of  sight  for  a  time  a  disturbing  element 
the  problem,  is  not  quite  true.    The  body 
BOioves  back  with  a  certain  portion  of  its  original 
■tt'elocity,  which  varies  with  its  own  nature  and 
b:hat  of  the  obstacle,  and  which  admits  of  experi- 
nmental  determination  in  each  case.  This  velocitj' 
leoears  the  proportion  e  :  1,  to  the  original  velocity, 
j  being  a  fraction,  called  the  co-efficient  of  elas- 
:icity.     The  cause  of  the  non-destruction  of 
Mnotion  is  this, — the  impinging  body  and  the 
wiatter  of  the  obstacle  are  both  compressed  at  the 
loint  of  contact  by  the  impact,  up  to  a  certain 
oioint ;  the  original  velocity  is  then  entirely  de- 
■troyed,  but  the  compressed  matter  in  each 
iprings  out,  as  much  as  may  be,  into  its  fonner 
iimensions ;  in  which  act  of  springing  there  are 
evolved  two  forces,  opposite  in  direction,  produc- 
ng  motion  in  the  only  way  possible — a  retire- 
aent  of  the  body  originally  impinging,  and  also, 
oubtless,  to  some  extent  a  vibration  of  com- 
pressed and  expanded  matter  for  some  time  in 
he  obstacle.   If  the  effort  which  the  bodies  make 
0  regam  their  original  position,  were  quite  equal 
0  the  forces  of  compression,  the  bodies  would  be 
erfectly  elastic,  and  e  would  become  =  I,  i.e., 
he  impinging  body  would  move  back  with  the 
ame  velocity  as  it  had  advanced.    If,  on  the 
ther  hand,  they  made  no  effort  at  all,  e  would 
ecome  nothing;  and  the  impinging  body,  as  well 
s  that  struck,  would  remain,  so  far  as  the  forces 
f  impact  go,  constantly  at  rest,  in  their  com- 
ressed  form.    Neither  of  these  results,  in  all 
ielihood,  ever  occurs  in  practice.    What,  then, 
ecomes  of  the  mechanical  value  of  the  motion, 
■hich  is  partly  lost  ?    Is  it  contrary  to  the  gen- 
ral  law,  that  any  mechanical  effort  can  be  lost  out 
f  the  universe,  or  annihilated ;  and,  if  not,  what 
ecomes  of  it  ?    It  goes  to  heat  the  bodies  which 
re  struck  together.    Suppose  a  bullet  fired  from 
cannon  against  an  iron  target,  it  will  be  very 
■ot)  if  it  is  lifted  immediately  after  its  fall, 
na  sometimes  the  heat  is  powerful  enough  to 
■  ise  off  some  drops  of  the  lead  during  its  fall.— 
If  a  body  strike  against 
an  obstacle  obliquely,  as 
in  the  figure,  the  circum- 
stances will  be  changed. 
There  will  be  a  rotating 
effect,  which  we  do  not 
take  into  account  now. 
Suppose  the  body  to  move 
up  to  B  with  a  velocity 
which  may  be  represented 

fcirninaf  .1,      „  ^  ^""'''e  there 

Minst  the  wall,  BD.  Then,  it  could  be  represented 
•r  a  velocity,  a  d  and  a  c  (Forces,  Composition 
l.„',i  Ojeg'ecting  the  turning  effort),  by  its 

-^r  1  ^      rr.'''  would 
-ver  produce  it,  bemg  in  a  line  parallel  to  „  d. 
>he  velocity,  b  c,  however,  is  so,  and  the  body 
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would  be  flung  back  from  the  board,  b  d,  with  a 
speed  represented  by  b  c  X  e,  or  b  e  (suppose). 
There  remains  the  velocity  equivalent  to  b  d(b  u') 
not  changed  by  the  impact,  and  therefore  the  body 
will  move  under  the  influence  of  the  two  b  e  and 
B  D',  in  a  line  b  o,  with  a  velocity  which  it  re- 
presents, b  o  is  the  diagonal  of  the  parallelo- 
gram E  D'.  If  the  elasticity  were  nothing,  the 
ball  would  move  along  the  line  b  d',  and  if  again 
it  were  =  1,  it  would  move  along  a  line  b  a', 
obtaining  by  producing  a  c  till  c  a'  became  equal 
to  it  and  joining  b  a'. — When  both  bodies  are 
moveable,  we  shall  suppose  them  spherical  balls 
moving  along  the  same  plane  in  the  same 
line  of  their  centres — to  avoid  considering  rota- 
tion in  them.  It  wiU  be  easy,  having  an-ived  at 
the  result  in  that  case,  to  consider  afterwards  the 
cases  of  oblique  motion,  as  we  have  just  done  in 
the  simple  case.  Suppose  we  have  two  perfectly 
inelastic  bodies,  a  and  b,  with  velocities,  a  and  6, 
respectivelj\  Such  that  a  a  =  b  J,  moving  in 
contrarj'  directions,  it  is  manifest  that  all  motion 
will  be  destroyed.  The  quantities  of  motion  in 
the  two  bodies  are  quite  equal  and  simply  op- 
posed. If  instead,  the  two  bodies  move  in  the 
same  direction,  the  one  overbutting  the  other,  and 
both  after  that  moving  together,  the  resulting 
velocity  may  be  thus  found.  The  quantities  of 
motion,  A  a  and  b  h,  belonging  to  both  bodies 
must  evidently  be  added  together— because  tlie 
motion  is  in  the  same  direction  in  the  two  cases. 
But  this  total  quantity  is  partaken  between  the 
two  bodies  a  and  b,  and  therefore 


A  a 


B  6 


will  represent  the  resulting  velocity.    Before  pro- 
ceeding to  take  further  into  account  the  resilience 
due  to  partial  elasticity,  we  must  make  the  pos- 
tulate, that  if  the  same  velocity  be  added  to  or 
taken  from  both  balls,  so  as  not  to  alter  at  all 
their  rate  of  approach,  the  impact  will  be  the 
same  as  before;  and  if  we  take  care  to  abstract  or 
restore  these  foreign  velocities  after  impact,  the 
circumstances  will  be  entirely  the  same.  Thus, 
if  two  balls  flying  in  mid  air,  strike  one  another, 
each  partalces  of  the  motion  of  the  Earth  as  well 
as  of  its  own  motion,  and  yet  we  safely  enough 
never  take  this  into  account,  resting  o^i  this  prin- 
ciple.   Taking  it,  then,  for  granted,  let  A  and  it, 
moving  with  velocities  a  and  b  respectively  in 
the  same  direction,  A  being  the  last  of  the  two, 
and  a,  the  greatest  velocity,  and  let  the  velocity 
X.  in  the  contraiy  direction  be  given  to  each. 
Then,  if  a;  be  less  than  a  and  greater  than  6,  they 
will  now  move,  A  in  the  same  direction  as  before, 
with  velocit}'  a  —  x,  and  B  in  the  contrary  direc- 
tion to  meet  A,  with  velocitj'  x  —  h.    Let  the 
value  X  to  be  added,  be  determined  by  the  ecpia- 
tion  A  (o  —  x)  =.-b(x  —  b),  so  that  the  bodies 
now,  if  quite  inelastic,  would  remain  quite  at  rest 
in  impact,  the  velocity  x  having  been  taken  from 
each.    It  is  manifest  that,  if  so,  they  would,  in 
159 


IMP 

the  actual  case  (vestoviiig  tbat  velocity),  move 
eiicli  with  the  velocity  whose  value  is  x,  that  is, 
by  solving  the  equation 

A  a           B  h 

the  result  we  already  reached.  But  they  are  not 
so  non-elastic,  but  move  back  with  a  velocity 
e  (a  —  x)  and  e  (x  —  6),  depending  on  the  im- 
pact alone,  the  first  in  the  direction  c  a,  the  last 


A 

-ti- 


Fig.  2. 

in  that  c  b.  Restore  the  velocity  «,  which  was 
taken  from  both.  Then,  as  in  both  cases  it  was 
in  the  direction  from  a  to  b,  it  will  have  to  be 
subtracted  from  e  (a  —  X)  and  added  to  e  (a;  —  J), 
and  we  have  the  velocity  in  the  direction  from 
o  to  A  =  e  (a  —  x)  —  X.  and  that  from  c  to  B 
—  x-\-e(x  —  b).  In  order  to  have  the  two 
velocities  stated  in  the  same  direction,  which, 
according  to  algebraical  principles  (the  meaniiir/ 
of  Negative  Quantities),  can  include  the  other 
case.  Suppose  the  direction  from  c  to  a  changed 
into  that  from  c  to  b;  the  value  of  the  velocity 
■will  then  change  sign,  becoming,  instead  of 
e  (rt  —  x)  —  X,  X  —  e  (a  —  x).  Now,  sub- 
stitute for  X  the  value  found,  and  we  obtain  the 
new  velocities 

^  ^  Aa  +  B6-CB(a-5)_       ^^.^  ^ 

A  -|-  B 

Of  B  =  Aa  +  B5  +  eA(a-&)^  ^^jl  ^j^j^  ^  ^_ 

A  -|-  B 

It  is  interesting,  from  the  general  formula,  to 
come  to  some  of  its  direct  algebraical  results. 
For  instance,  the  original  velocity  of  A  being  a, 
and  its  new  one  u,  it  has  lost  a  velocity  of 


e)  (a  —  i). 
at  gained  similarly 


x-\-  a 

that  gained  similarly  by  B  is, 

A 


.,  which  call  a. 


,  which  call  (i. 


Agftin,  the  momentum  which  a  has  lost  and  h 
has  gained  is, 


A  B 


A  -|-  B 

A  curious  relation  holds  between  the  new  and  old 
diderenc'es  of  velocity.  The  one,  v  —  u  =  c 
Qi  _  /;).  The  vis  viva,  originally,  A  a^^  -f-  b  6% 
and  the  vis  viva  now,  hold  this  relation, 

A»B^Bt;»=:Aa«  +  Bio-(;— e»)(a  — J)a 

A  n 

A  -f-  B 

=  An«-}-B6«—  [a«»+b/3»} 
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As  the  vis  viva  is  just  double  of  the  mechanicil 
value  of  the  motion,  the  original  mechaniciil 
vahie  (say  0)  bears  this  relation  to  the  new 
(say  n). 


A  B 


A  -|-  B 


0  =  N 


l  —  e 


2(/  +  e) 


And  these  differences  between  0  and  N  are  me- 
chanically eqiiivuleni  to  the  heal  evolved.  That 
heat  is  distributed  variously'  between  the  bodies 
and  the  surrounding  air. — From  the  general  for- 
mulffi  just  deduced,  a  multitude  of  special  ones 
can  be  obtained  hj  giving  special  values  to  a,  a, 
B,  6,  and  e.  The  case  of  the  perfectly  inelastic 
balls  is  solved  hy  taking  e  =  0,  and  gives  the 
results  already  indicated.  If  we  wish  to  take  the 
case  of  such  balls,  meeting  one  another,  we  have 
simply  to  suppose  one  velocity  (suppose  J),  nega- 
tive, instead  of  positive.  In  the  case  of  two  per- 
fectly elastic  balls,  we  should  have, 

A  a.-\-lii  b  — Ba 


A-|-  B 

n  h  A-  2  \  a  —  A^ 

A  +  B   ' 

V  —  u=z  a  —  b 

A  B  ?;»  =  A  a*  -f  B 

and  0  =  N, 

so  that  no  heat,  in  that  case,  would  be  generate 
Similarly,  for  two  perfectlj'  elastic  balls  moving 
in  opposite  directions,  suppose  b  negative  in  tha 
formulie.    If  one  ball  be  originally  stationary/' 
suppose  u  =  0  ;  then, 

A  a  —  B  a 


+  B 


V  =- 


2  A 


A  -|-  B 

If  the  two  balls  be  equal  in  size,  as  well  as  per  j 
fectly  elastic,  a  and  b  being  equal,  the  fonnula 

'  —  ,  becomes  u  =  cl 


u  — 

A  -f-  B 

,        B  6  -|-  2  A  a  - 

and  V  —  !  


A  b 


becomes  «  =  t  l 


A  -f-  B 

so  that  the  balls  interchange  velocities  in  impacil 
Exactly  the  same  happens  if  one  of  the  ballj 
move  in  the  contrary  direction  to  the  othe:J 
(I)  suppose,  being  negative),  only,  that  instead  (| 
going  on  in  the  same  direction  after  impact,  the  j 
simplj'  go  back  over  the  same  path  as  before  i  f 
— In  the  less  simple  case,  where  two  balls  striki 
one  another  obliquely,  omitting  the  rotatory  efFw  j 
;is  involving  too  complex  mechanical  principl<J 
for  statement  here,  we  have  only  to  coinpoan 
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he  velocities  each  into  one  along  the  line  of 
entres,  and  another  perpendicular  to  tliat  line, 
.'he  latter  would  have  no  effect  in  making  the 
I'Odies  meet,  and  may,  therefore,  be  disregarded. 
Vhe  former  two  forces,  along  the  line  of  centre, 
kJone  operate  in  impact,  and  the  determination  of 
ithe  resultant  velocities  is  precisely  the  problem 
>-e  have  solved.    Certain  velocities  would  then 
I  e  found  just  as  if  those  perpendicular  to  the 
:>ne  of  centre  were  not  there.    Compound  the 
itfter-impact  velocity  of  each  ball,  with  the 
tiefore-inipact  velocity  perpendicular  to  the  line 
ff  centre,  and  we  obtain  the  resulting  velocity  of 
Kach  ball  in  magnitude  and  direction.    All  the 
>Wujary  problems  of  impact  can,  therefore,  be 
ililved  by  means  of  this  preliminary  solution, 
]  Inipeneti-ability.    That  property  which  we 
itelieve  to  exist  in  matter,  of  resisting  the  entrance 
:  two  pieces  of  matter  into  the  same  space.  Thus 
.:  hen  a  nail  is  knocked  into  a  piece  of  wood  the 
cod  is  compressed — forced  into  occupymg  a 
■nailer  space,  but  the  nail  and  it  cannot  exist 
,-  gether.  ^  It  is  supposed  that  all  matter  is  porous 
a  certain  extent ;  for  our  common  conception 
i'  matter  will  not  allow  us  to  conceive  it  com- 
•cssible ;  so  that  when  apparent  compression  of 
alter  is  foimd,  we  consider  merely  that  the  non- 
>mpre.ssible  particles  of  real  matter  have  been 
■ought  closer  together  so  as  to  occupy  the  spaces 
hich  were  formerly  void.    In  such  a  case, 
•erefore,  as  that  of  the  nail  in  tlie  wood,  we 
cur  to  our  theory  of  porosity.— But  there  is 
phenomenon  which  does  to  a  large  extent 
sturb  this  solution.    Frequently  a  body  may 
■  dissolved  in  water  or  other  liquids  without 
sible  increase  of  their  bulk.— Now  how  is  this 
be  accounted  for?    Do  the  solid  and  liquid 
■rticles  actually  interpenetrate?    Theory  an- 
'ers  that  they  do  not ;  but  this  theory  may  be 
e  of  those  universal  prejudices  which  we  are 
one  to  believe,  and  have  been  encouraged  in 
■astiDg?    If,  however,  they  do  not,  how  is  the 
:t  to  be  explained  ?  There  does  not  seem  chemi- 
1  mixture  generally,  and  we  cannot  see  how  at 
I  there  should  be  force  enough  generated  by  the 
>^re  dissolution,  to  compress  the  matter  to  such 
•  extent,  as  the  difference  between  the  liquid, 
d  the  sohd,  together,  would  indicate.  The  very 
latest  forces  are  needed  for  the  compression 
a  "quid— 15  lbs.  per  square  inch,  giving  one 
^'  ^}  TDooTjth  on  the  bulk  of  water.  Can 
CCS  be  generated  by  mere  solution,  enough  to 
"press,  perhaps,  to  a  fifth  or  a  sixth,  the  bulk 
t^iat  solution  ?    The  same  thing  is  observable 
mixing  gases ;  but  that  problem  can  be  solved. 
It  13  not  easy  to  see  it,— since,  at  all  events, 
"fmarj- experiments  on  the  compression  of 
^rove  them  very  slightly  porous,— unless 
mit  their  particles  themselves  to  be  com- 
-^■ble  when  some  force  is  brought  to  bear  on 
"  .  prevented  in  ordinary  circumstances  by 
.  'jpment  of  repulsive  forces  between  the 
"^les,  while  nof  juterfercd  with  in  solution  ; 
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or  admit  that  two  kinds  of  mattier  may  at  once 
occupy  the  same  .space.  The  admission  of  this 
last  would  drive  us  to  Berkeley's  matter-annihi- 
lating theories ;  and  we  can  scarcely  understand 
how  to  admit  the  former.— It  is  usual  to  define 
impenetrability  rather  as  a  term  indicating  that 
matter  has  a  property  of  resisting  force,  than 
as  any  very  clearly  conceivable  qnaliii/  of  matter. 
When  ranked  as  a  quality,  it  is  called  one  of  the 
primciry  qualities. 

Tinperiucability.    A  property  which  certain 
substances  have,  of  not  being  permeable  by  others, 
— that  is,  so  that  others  cannot  pass  through  their 
mass.    In  all  likelihood  there  is  no  body  which 
is  impermeable  to  any  fluid  under  sufficient  pres- 
sure, but  there  are  many,  such  as  glass,  whose 
pores  are  so  small  that  no  pressures  have  vet 
driven  fluids  through  them.    Some  substances 
are  impermeable  to  others  from  repulsions  be- 
tween their  molecules.    Thus,  waterproof  cloth 
or  oil  skin  is  impermeable  to  water  from  the  re- 
pulsion of  oil  and  water.    Some  substances  are 
permeable  for  certain  others,  and  impermeable 
(under  kno-\vn  pressures)  to  different  ones. 
Impetus.    See  Mo-AIentum. 
Impondci-abSe.    A  name  given  to  such 
agents  as  heat,  light,  and  electricity,  according 
to  the  old  theories ;  in  which  they  were  supposed 
to  be  fluids,  so  light  as  to  be  incapable  of  being 
weighed.    Now  it  is  recognized  that  the  pheno- 
mena classified  under  these  are  due  to  motions 
excited  in  ponderable  matter,  and  that  they  may 
be  rather  considered  as  forces  than  &%  fluids. 

Impulse.    When  a  body  falls  from  a  height 
it  commences  -svith  a  very  small  velocity,  and  this 
gradually  increases.    In  one  second  it  has  gained 
a  speed  of  32-2  feet  per  second,  and  at  the  end  of 
the  next  of  64-4  feet.  But  this  velocity  has  m  every 
case  taken  a  certain  time  to  be  attained.  Noav, 
■when  a  body  is  struck  by  another,  it  seems  at 
once  to  acquire  a  velocity,  and  to  proceed  with 
that.    Is  there  then,  at  the  moment  of  contact, 
a  definite  velocity  imparted,  no  time  being  occu- 
pied ?_  Is  impulsion  or  impulse  a  different  method 
of  action  from  the  usual  one,  in  which  force  gra- 
dually produces  visible  effect?    According  to  all 
our  ideas  of  force,  it  is  not  and  cannot  be.  Force 
never  accomplishes  any  eftect  but  in  some  time. 
Otherwise,  calling  the  unit  of  force  that  wliich 
makes  a  unit  matter  move  through  a  unit  space 
in  a  unit  time,  we  should  have  an  infinite  force. 
AVhatever  small  space  of  time  is  required,  some 
time  comparable  to  the  unit  (a  second)  must  have 
been  occupied  before  velocity  can  be  attained. 
The  plienomenon  of  impulse,  then,  merely  differs 
from  that  of  gravitation  in  this,  that  the  force  in 
the  latter  acts  during  a  period  measurable  bv 
sense,  and  in  the  former  not  so  measurable. 
Nevertheless  it  does  act  in  a  definite  period. 
There  is  no  such  thing  in  rerum  naturd  as  a 
force  which  produces  effects  in  no  time.  Still 
the  term  impulse  is  convenient,  and  is  therefore 
employed. 
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Incidence,  Angle  of.  The  angle  between 
the  du-ection  in  which  a  line  strikes  on  a  plane, 
and  the  perpendicular  to  that  plane.  See  Diop- 
Tuios,  Catoptrics. 

Inclined  PIniic.  Let  A  B  be  an  inclined 
plane  on  which  the  body  ii  is  set,  it  is  required  to 
determine  the  circumstances  of  its  descent.  The 
force  acting  on  a  b  due 
'D  to  gravitation,  draws  it 
vertically  downward,  but 
it  cannot  fall  downward 
— the  part  nearer  b,  for 
instance,  would  have  to 
press  through  to  the  level 
of  that  near  a,  before 
it  would  be  ready  to  fall  without  disturbance 
in  its  motion ;  and  the  plane  a  b  resists. 
The  force  of  gravity  (suppose  represented  in 
magnitude  and  direction  by  d  f)  can,  however, 
b}'  the  composition  of  forces  be  resolved  into 
tlie  two  forces  represented  in  magnitude  and 
direction  by  d  e  and  e  f  (the  latter  force  e  f, 
being  along  the  line  a  b,  instead  of  its  parallel, 
E  f),  where  d  e  is  perpendicular  and  e  f  parallel 
to  A  b.  Now,  this  force,  d  e,  simply  presses 
against  the  plane,  and  is,  evidently,  destroyed 
by  it.  But  the  force  along  a  b,  equivalent 
to  E  p,  and  in  the  direction  a  b,  is  mibalanced, 
and  will,  therefore,  pull  the  body  down  the 
plane.  It  is  evident  from  the  figure  that,  as 
the  angle  f  d  e  =  b  a  c,  the  value  of  f  e  will 
be  D  F  X  sin.  bag,  i.e.,  to  the  product  of  the 
weight  by  the  sine  of  the  angle  of  inclination  of 
the  plane.  The  pressure  on  the  plane  itself  will 
manifestly  be  D  f  X  cos.  bag.  It  is  clear, 
that,  since  the  angles  of  the  triangles  A  b  c,  D  f  e 
are  all  equal,  we  shall  have 


F  E 
F  D 


B  C 
A  B 


or  the  pulling  force  bears  to  the  weight  of  the 
moving  body  the  same  proportion  as  the  height 
of  the  plane  does  to  its  length  along  the  slope. 
Again, 

D  E    AO 

» 


F  D 


A  B 


or  the  pressure  on  the  plane  bears  to  the  weight 
of  tlie  body  the  same  proportion  that  the  hori- 
zontal length  of  the  plane  bears  to  the  lengtli 
along  the  slope. — In  ordinary  books  on  me- 
chanics, and  in  many  popular  physical  works, 
the  student  will  find  the  inclined  plane  ranlicd 
among  what  is  called  the  meclianical  powers.  It 
is  not  to  be  supposed  from  this  name,  that  any 
of  them  create  forces,— what  they  actually  cftect 
is,  the  possibility  of  using  a  small  force  through 
a  great  space  and  a  long  time,  instead  of  a  great 
one,  which  we  may  not  have  at  command,  for  a 
small  time ;  or  vice  versa.  Tluis,  in  the  inclined 
plane  which  is  employed  to  slide  or  roll  weights 
up.  The  weight,  when  in  such  a  position 
as  n,  tends  to  fall  down  the  plane  with  the 
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force  E  F,  and  this  force  must  be  opposed  by  an 
equal  one,  that  the  body  may  not  fall,  and  by  a 
greater — as  little  greater  as  we  choose,  that  it 
may  move  up.  Hence,  we  are  enabled  to  roll  up 
a  weight  with  a  force,  a  very  little  greater  than 
E  F,  instead  of  having  to  use  the  force  d  f  in 
lifting  it.  This  is  the  origin  of  the  position 
of  the  inclined  plane  among  the  mechanical 
powers.  It  will  be  at  once  evident  that,  abstract- 
ing all  considerations  of  friction,  the  velocity 
with  which  the  body  arrives  at  a,  will  be  the 
same  as  that  with  which,  falling  freely,  it  would 
have  reached  c.  The  force  acting  throughout 
has  been,  indeed,  in  the  case  before  us,  only  f 
but, 

F  E  B  C  " 


F  D 


B  A 


and,  therefore,  feXba  =  fdXbc.  That 
is,  the  force  multiplied  by  the  space  through 
which  it  has  T\Tought  is  the  same  as  the  force  by 
the  space  if  the  body  had  fallen  freely  to  c 
from  B.  The  work  done  is  the  same ;  and,  in 
consequence,  the  resultant  velocity — to  produce 
which,  the  whole  work  is  spent  in  each  case — mil 
be  the  same.  If,  then,  we  let  a  body,  h,  fall 
from  B,  either  by  the  inclined  plane  b  a,  or  by 
the  vertical  descent  b  C,  it  will  reach  the  level  of 
A  and  G  (which  are  supposed  to  be  on  the  same 
level),  having  the  same  velocity.  Kot,  however, 
in  the  same  time.  The  force  f  e  has,  in  fact, 
been  acting  instead  of  f  d,  and,  according  to  the 
definition  of  forces,  in  the  same  time  they  will 
have  produced  motion  through  space  proportional' 
to  F  E  and  F  D.  Now,  if  a  m  be  drawn  perpen- 
dicular to  A  B,  and  b  c  produced 
to  meet  it,  b  a  will  bear  the  same 
relation  to  b  si  that  f  e  does  to  f  d. 
Hence,  since  the  force  f  e  has  pro- 
duced motion  through  b  a,  the  force 
f  d  would  have  in  the  same 
time  produced  motion  through  b  m, 
which  bears  B  A  the  same  ratio  that 
B  A  does  to  B  c,  and  is  a  mean  pro- 
portional between  b  c  and  b  a — 
In  all  actual  applications  of  the 
inclined  plane,  we  require  to  re- 
collect that  friction  exists.    See  Friction. 

Inconiprcssibilily.    A  property  suppo 
to  belong  to  fluids.  It  is  now  found  that  thong 
very  slight  effects  are  produced  on  most  of  the 
by  compression,  they  are  yet  compressible.  It  " 
supposed  that  no  incompressible  matter  exists. 

Increments,  Doctrine  of.  A  Calculus  in- 
vented by  Dr.  Brook  Taylor.  It  is  really  equi- 
valent to  the  Calculus  of  Finite  Differences,  (j.r. 

Index,  Rcli-nciivc.   See  Dioptrics  am 
Refractive. 

Inflicator.  A  Dynamometer  applied  to  th' 
determination  of  the  work  actuallj'  dqne  by  stean 
engines. —  Its  principles  are  exactly  those  of  th 
ordinary  Dynamometer,  and  we  only  explain 
separately,  because  of  the  extensive  use  of  th 
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lachine  with  wliich  it  is  connected.   A  verj'  full 
■L'count  of  it  will  be  found  in  the  Dictionnaire  des 
'vts  et  Manufactures,  Paris,  1852;  and  another 
I  the  treatise  on  the  Sleam  Eiiffine,  published 
w  the  Artizan  Club,  edited  by  Bourne. — It  con- 
-  sts  of  a  small  cylinder  with  piston  attachable 
>  the  cylinder  of  a  steam  engine,  and  connected 
iiith  it  by  valves  in  the  ordinary  way.  The 
•iston  rod  consists  of  a  spiral  spring  of  any  con- 
■enient  strength.  When  steam  is  admitted  from 
■  e  cylinder  of  the  engine,  the  valves  connected 
;ith  the  indicator  cylinder,  which  must  be  com- 
r.ratively  small,  are  opened,  and  the  piston  rod  is 
iished  up — proportionally  to  the  impressed  force 
sisince  the  spring  affords  a  considerable  resist- 
:e.  If,  in  the  course  of  the  stroke,  the  pressure 
t  the  steam  gets  weaker,  the  spring  relaxes  and 
s  do^vn  the  indicator  piston.   If  the  piston  rod 
y  a  pencil,  it  may  register  its  motion  upon  a 
e  of  paper,  so  that  we  may  know  the  height, 
,  consequently,  the  pressure.    Now,  the  pres- 
,•83  upon  the  piston  of  the  steam  engine  are  the 
cs  to  which  its  work  is  due;  and  by  this 
ns,  we  may  obtain  the  successive  values  of 
t  forces.    "We  have  seen  in  the  article  Dyna- 
ETER,  that  this  would  not  be  sufficient  to 
ine  the  work  really  done  by  the  engine ; 
1  we  have  seen  there,  besides,  that  the  arrange- 
tnt  described  would  not  be  sufficient  for  even 
''ining  the  successive  pressures.  But  a  remedy 
y  be  found,  by  giving  the  paper  a  lateral  mo- 
;i;  and,  still  further,  use  may  be  made  of  such 
ients,  by  connecting  this  motion  with  the 
n  rod  of  the  engine,  or  with  any  other  part 
ed  by  it.    In  this  case,  as  we  have  already 
1,  we  may  obtain  diagrams  indicative  at  once 
.(he  successive  forces,  and  of  the  spaces  through 
tch  these  forces  have  severally  acted.  These 
jrams  must  give  the  whole  work  done  at  the 
•Cin  of  power  ia  the  engine. — The  paper,  just 
:;itioned,  is  usually  rolled  round  another  cylin- 
r:  moved  by  a  pulley  put  in  connection  with 
e  moving  part  of  the  engine :  and  the  motion 
he  engine,  due  to  that  of  the  piston  rod,— 
ch  indicates  the  spaces  through  which  the 
jsures  act— is  given  to  the  paper.    If  this 
Inder  be  put  in  motion  by  being  connected 
-.1  the  engine,  while  the  valves  of  the  indicator 
shut,  tlie  pencil,  not  rising  or  falling,  but 
mg  constantly  on  the  revolving  surface  of 
paper,  will  describe  a  horizontal  ring  round 
■iomsponding  to  atmospheric  pressures.  If 
♦valves  be  now  opened  and  steam  admitted, 
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ing  where  the  pressure  momentarily  lessens, 
and  descending  considerably  after  the  steam  is 
cut  off — something  as  if  the  curve  a  p  were 

rolled  round  a  cylinder  When  the  piston  of  the 

cj'linder  falls,  the  pressure,  from  the  vacuum 
created,  suddenly  becomes  very  low,  and  the  indi- 
cator piston  falls  almost  immediately  below  the 
point  where  it  stood  before  the  admission  of  steam 
— because  now  the  atmospheric  pressure  above  it 
is  not  balanced  by  an  equal  one  below,  and  the 
spring  must  relax  downward,  until  a  balance 
ensues.  The  pencil  will  suddenly  fall  therefore, 
and  so  go  on,  until  the  admission  of  new  steam 
gives  a  sudden  rise  of  the  pencil,  which  would 
lift  it  up  from  Y,  along  to  p,  when  it  again  falls. 
— The  cylinder  round  which  the  paper  is  rolled 
must  have  a  reciprocating  motion.  Its  connection 
with  the  piston,  which  moves  first  in  one  direc- 
tion, and  then  back  in  the  opposite,  may  be  easily 
made  to  secure  this.  Were  it  not  so,  the  lower 
part  of  the  diagram  would  be  prolonged  in  the 
same  dhection  as  the  upper. — The  usual  method 
of  determining  the  work  done  during  a  double 
stroke  is  to  divide  the  figure  by  12  ordinates, 
equidistant  and  perpendicular  to  the  atmospheric 
line,  and  to  take  the  mean  of  all  the  ordinates 
between  two  of  them  as  the  representative  of  the 
average  pressure  for  the  space  intervening.  If 
the  piston  have  a  9  feet  stroke,  the  value  of  each 
division  wiU  be  represented  by  feet,  or  9 
inches,  and  the  number  of  feet  found  of  work 
done  in  the  double  stroke  will  be  obtained  by 
adding  the  products  for  all  the  12  spaces,  of  all 
the  pressures  represented  in  the  side  scale  by  the 
perpendiculars,  by  —  In  engines  such  as 
those  now  in  use,  where  both  the  upper  and  lower 
parts  of  the  cylinder  are  employed  for  the  entrance 
of  steam,  and  for  the  procuring  of  a  vacuum,  we 
may  have  the  indicator  applied  either  to  the 
top  or  bottom  of  the  cylinder.  It  indicates  by 
the  successive  ordinates,  not  the  value  of  the 
pressures  in  either  cylinder,  but  the  difference  of 
pressures,  just  as  in  the  original  engines  open  to 
air  at  the  top,  an  indicator  would  have  given  the 
difference  between  the  pressure  in  the  cylinder 

and  that  of  the  atmosphere  The  figure  is  an 

actual  diagram  from  the  engines  of  H.M.S. 
Spiteful. — The  desideratum  yet  to  be  effectively 
and  simply  supplied,  is  to  secure  a  means  by 
which  the  engine  will  not  only  give  one  diagram 
when  it  is  wanted,  but  may  be  set  to  register 
its  own  work  for  any  length  of  time.  The  prac- 
tical value  of  such  a  persistence  can  scarcely 
be  over-estimated.  Even  the  indicators  we 
have,  though  falling  far  short  of  this,  are  of  the 
utmost  mechanical  value  in  indicating  faults  in 
the  engine,  and  in  telling  exactly  where  these 
may  bo  found.  (Sco  Bourne,  as  above.) — Tlio 
merit  of  the  invention  is  due  to  Watt;  though 
the  method  of  obtaining  diagi-ams,  which  gives 
such  a  value  to  the  instrument,  was  not  suggested 
by  him.  It  was  first  used  in  the  Soho  Engineer- 
ing Establishment. 
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Infliction,  Cycle  of.  See  Cycle. 
liitlUi'crciit  Equilibrium.  See  STABILITY. 
Indivisible!), — tkeMetJiodof  Cavalieri.  The 
method  of  Indivisibles  must  be  taken  as  the 
foundation  of  the  Infinitesimal  Calculus  of  Leib- 
nitz, in  the  same  sense  as  the  method  of  Exhaus- 
tion is  the  foundation  of  the  doctrine  of  Limits  of 
Newton.  Compared  with  the  latter,  its  logic  and 
processes  are  loose  and  unsatisfactory,  although 
in  action  it  is  comparatively  facile  and  seldom 
inaccurate.  Its  principle  is  that  a  line  consists 
of  a  number  of  contiguous  points ;  a  surface  of 
contiguous  lines,  and  a  solid  of  contiguous  sur- 
faces. To  value  either  line,  surface,  or  solid, 
therefore,  it  is  needful  simply  to  value  these  con- 
tiguous indivisibles  or  infmitesimals.  and  to  ascer- 
tain the  law  of  their  progression  or  connection. 
If  the  law  is  such  that  we  can  sum  or  interjraie 
them,  we  may  thus  obtain  the  value  of  the  whole 
line,  surface,  or  solid.  See  Calculus,  Ex- 
haustions, Limits,  &c. 

luduction.  A  term  now  employed  to  desig- 
nate a  very  large  and  important  class  of  Electrical 
Phenomena,  and  intimately  connected  with  all 
Elecu-ical  Theories.  There  are  two  aspects  under 
which  Induction  manifests  itself. 

(1.)  The  Ordinary  Static  Induction.— 'Elec- 
tricity, as  essentially  a  polar  force,  is  in  every 
phase  and  character  subject  to  the  fundamental 
law  of  polarity,  viz.,  one  kind  of  Electricity  never 
can  be  manifested  by  itself:  evolve  the  positive 
or  vitreous  force,  and  we  may  be  certain  that  an 
exact  equivalent  of  the  negative  or  resinous  force 
must  be  evolved  at  the  same  time.  If  a  con- 
ductor charged  positively  is  placed  isolated  in  any 
position,  the  molecules  of  the  surrounding  atmo- 
sphere immediately  assume  the  negative  state; 
and  if  a  second  isolated  conductor  is  placed  in 
the  neighbourhood  of  the  first  one,  this  polarity 
communicated — via  the  atmosphere — instantly 
effects  it,  i.e.,  it  takes  on  an  equivalent  negative 
state.  The  second  conductor  is  said  in  such  a 
case  to  be  excited  through  induction.  The 
theorv  of  the  Electrophorus  and  of  the  Condenses 
depends  on  this  remarkable  form  of  action.  The 
student  will  find  the  entire  subject  discussed  in 
the  writings  of  Faraday,  to  whom  we  owe  most 
of  our  accurate  conceptions  of  PoLAitmr. 

(2.)  Induction  Dynamic,  or  the  Induction  of 
Currents  by  Currents. — This  much  more  com- 
plex and  singular  manifestation  of  indirect  Elec- 
tricity also  owes  its  virtual  discovery,  and.ccr- 
t^iinly  the  discovery  of  all  its  laws,  to  Faraday, 
In  its  simplest  form  the  phenomenon  may  be 
stated  as  follows:— Let  A  b  be  a  wire  whose  ends 
arc  connected  with  the  poles  of  a  voltaic  battery, 
and  0  D  another  wire  unconnected  either  with  the 
wire  or  the  batten^,  but  lying  parallel  to  a  b, 
and  having  its  ends  connected  with  a  galvano- 
meter or  multiplier;  it  is  found  that  on  the  in- 
stant when  a  current  is  either  established  or 
broken  through,  A  b,  the  needle  of  the  galvano- 
meter, is  deflected,  showing  the  establishment  of 
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an  induced  current  through  c  d  :  when  contact 
is  first  established  the  induced  current  has  the 
same  direction  as  the  inducing  one ;  the  contrary 
when  contact  is  broken.    During  stable  connec- 
tion of  the  ends  of  a  b  with  the  voltaic  batterj', 
the  needle  of  the  multiplier  returns  to  its  condi- 
tion of  repose.— So  much  has  been  already  de- 
tailed in  this  dictionary  concerning  the  relations 
of  currents  original  and  induced,  under  Electro- 
Dynajucs,  that  we  shall  only  recapitulate  here 
some  facts  and  laws  on  this  interesting  subject. 
(1.)    A  magnet  may  induce  a  cun'ent. — If  a 
helix  or  cylindrical  mass  of  isolated  wne  have 
its  centre  hollow,  and  its  two  ends  connected 
^vith  a  Multiplier,  the  needle  of  the  Multiplier 
will  deviate,  on  the  instant  that  a  magnet  is 
pushed  through  the  hollow  centre  of  the  helix, 
or  withdraw  from  it.    (2.)  A  current,  named 
technically  the  extra-current,  may  be  induced 
through  a  wire  along  which  a  direct  current  is 
passing.— The  use  of  this  extra-current  is  very 
important.  Delarive  has  employed  it  ^vith.  great 
effect  in  augmenting  the  electric  tension  of  a 
couple.    See  the  valuable  treatise  on  Electricity 
by  this  distinguished  Physicist.  _  (3.)  Inductim 
is  produced  by  magnets  on  electric  conductors  at 
some  distance  from  them. — When  metallic  masses 
of  copper,  silver,  gold,  &c.,  are  placed  at  a  little 
distance  from  the  poles  of  powerful  electro-magr 
nets  with  horizontal  faces,  theefiects  of  induction 
are  readily  recognized.  And  these  efifects  original 
precisely  the  same  attractions  and  repulsions  a.-* 
the  ordinary  electric  currents— showing  that  ordi 
nary  currents  and  their  induced  currents  are  sub 
ject  to  the  same  Laws.    (4.)  General  laws  q 
induced  currents.— The  following  leading  fact 
may  be  accounted  ascertained.  First.  The  estab 
lishment  of  an  electric  current  through  a  metalh 
wire,  does  not  take  place  instantaneously,  or  with 
outha\dng  to  overcome  a  certain  resistance.  Tin 
resistance  is  expressed  by  a  certain  co-efficieni  o 
inertia,  which  is  always  constant  for  the  sanf 
metal.— /Seco/irf/^.  The  intensity  of  uiduced  cu" 
rents,  whether  inverse  or  direct,  is  an  exponenti^ 
function  of  the  electro-motor  force  of  the  pile,  < 
the  resistance  of  the  circuit  traversed  by  the  cu' 
rent,  and  of  the  time- reckoned  from  the  instji 
of  the  opening  or  closing  of  the  circuit,— r^trd/ 
The  induced  current  has  for  i(-s  limit  of  intensit 
the  intensity  of  the  inducing  current ;  i.  e.,  ' 
final  current  has  no  intensity.  There  is  no  sp_ 
accordingly  when  it  is  closed.— Fourthly.  1. 
direct  or  returning  induced  current  has,  at 
moment  of  ojjening  the  circuit,  an  additional 
sistance  to  overpower,  depending  on  the  distal 
between  the  two  extremities  of  the  broken 
opened  circuit.    A  spark  may  always,  or  aim 
ahvavs,  be  produced  then.— Fifthly.  The  tij 
requisite  for  the  complete  establishment  of  a  c( 
rent,  in  a  circuit  of  known  resistance,  is  prop 
tionate  to  that  resistance,  and  to  the  inverse  n 
of  the  electro-motor  force  of  the  pile.  (6.) 
ence  of  media  on  the  effects  of  Induction,—' 
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most  general  known  results,  with  regard  to  the 
li'octs  of  media,  may  at  present  be  expressed  as 
illows: — On  covering  electro-magnets  with  me- 
illic  envelopes,  the  velocity  of  magnetization  or 
11  magnetization  is  diminished:  this  may  be  ex- 
i'lained  by  the  presence  of  currents  of  induction 
within  the  metallic  masses ;  and  it  accounts  for 
the  method  employed  to  diminish  the  shock  in 
magneto-electric  apparatus  by  enveloping  these 
machines  in  a  metaUic  cylinder.    It  is  essential 
to  notice  that  by  such  a  contrivance  the  intensity 
-ir  energy  of  the  inductive  action  is  not  altered — 
mly  its  duration.    For  details  of  the  effects  of 
nmedia,  see  the  writings  of  Davy,  Henrj',''and 
esspecially  Dove.    (6.)  Different  orders  of  cur- 
rrents  of  Induction. — Investigations  with  regard  to 
Itthe  influence  of  media,  show  that  the  interposition 
oDf  a  plate  of  a  conducting  substance  between  the 
porimarj'  current  and  the  secondary  or  induced 
:t!urrent,  may  originate  a  secondary  current  de 
ititructive  of  the  effect  of  the  primary  one.    It  is 
loot  therefore  unexpected  that  when  a  conducting 
I'^re  is  traversed  by  an  induced  current,  it  can 
originate  another  induced  cm-rent — a  current  of 
bhe  secondary  order— in  a  third  wire ;  and  that 
■this  may  establish  in  a  fourth  wire  an  induced 
■irurrent  of  the  third  order,  &c.,  &c.  The  followmg 
the  law  of  the  nature  of  these  currents  as 
SMtablished  by  Henry  and  Abria :  
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I.  When  the  Circuit  is  Closed. 

Inducing  current  + 

Induced  curent  1st  order — 

5°  2d  order  -|- 

 3d  order  ....  — 

■Do  4th order  ....  4- 

<KC,  &c,  &c. 

II.  When  the  Circuit  is  Opened. 

Inducing  current  

Induced  cuiTent  Ist  order "." "'  + 

Do  2d  order  — 

5"  3d  order  ....  -f- 

"0   4th  order  ....  _ 

&c.,  &c.,  &c 

7.)  Induction  due  to  the  action  of  the  Earth.  

t  has  been  quite  established  by  Faraday,  Pal- 
imien,  and  Sinari,  that  Terrestrial  Magnetism  acts 
B-n  _aU  bodies  on  the  surface  of  the  earth,  by  in- 
ducing electric  currents  within  them  precisely  as 
f  a  strong  magnet  were  placed  within  the  in- 
renor  of  the  globe  in  the  direction  of  the  free 
•nagnetic  needle;  and  that  these  currents  are 
■Hirected  from^  east  to  west  parallel  to  the  Magnetic 
^^quator.  This  telluric-magneto-electric  action 
no  doubt  much  to  do  with  meteorological 
•Phenomena.  (8.)  Induction  due  to  Electric  dis- 
•sar^M  —rhis  can  scarcely  be  termed  a  separate 
to  ot  Induction.  If,  as  has  been  seen,  induced 
SMtantaneous  currents  can  develop  in  their  turn 

&dt  electric  discharges,  such  as  the  discharge  of 
Z  ^'y'^'^'^.J^';'  in"«t  equally  produce  tliem.  See 
ienrl^M  '!"le-^P«"™ental  researches  of 
■lenry,  Mananmi,  Matteucci,  Riess,  and  Vcrdet. 


— The  student  is  further  referred  to  the  admirable 
general  treatises  by  Delarive  and  Becquerel. 

Inductive   Electric  Machine,  Rlmin- 
kortt's.    One  of  the  most  powerful  means  of 
obtaining  intense  electric  effects  at  present  exist- 
ing.   The  following  is  an  outline  of  its  structure 
and  character ;  but  the  student  who  would  under- 
stand it  thoroughly  and  appreciate  its  varied 
applications  is  referred  to  a  pamphlet  by  M, 
Moncel.   The  apparatus  consists  of  a  long  cylin- 
der of  thin  card-board,  terminated  by  circles  of 
glass  or  wood,  and  covered  by  a  primary  circuit, 
composed  of  insulated  and  pretty  thick  copper 
wire,  through  which  the  inducing  electric  current 
is  made  to  pass.   The  extremities  of  this  primary 
wire  are  attached  to  copper  columns  fixed  on 
the  framework  of  the  apparatus.  —  Over  this 
primary  circuit  is  rolled  a  thin  copper  wire  of 
great  length,  covered  with  sillc  and  gum  lac, 
the  recipient  of  the  induced  current.    The  length 
of  this  second  wire,  by  opposing  resistance  to  the 
movement  of  the  Electricity  in  the  first  or  in- 
ducing wire,  augments  its  intensity;  and  this  is 
the  main  cause  of  the  astonishing  and  really  im- 
mense effects  producible  by  Rhumkorff's  machine. 
The  mechanism  of  the  whole  is  most  admirable, 
proving  the  artist  to  be  a  man  of  genius.  The 
instrument  is  not  yet  adequately  Imown  in  this 
country, 

Indu^.  A  constellation  of  Bayer,  situate  be- 
tween the  South  Pole  and  Sagittarius.  Its  largest  ' 
star  a.  Indi  is  of  the  third  magnitude. 

luequaliiy.  It  is  usual  in  computing  the 
motions  of  a  planet,  to  calculate  the  place  in 
which  it  is,  at  any  given  time,  first,  as  that  in 
which  it  would  be,  if  it  moved  in  a  circle,  having 
its  average  distance  from  that  centre  round  which 
it  moves,  for  radius,  at  a  uniform  rate.  Whatever 
corrections  require  to  be  applied,  as  for  an  ellip- 
tical orbit,  for  a  variable  rate,  for  a  precession  of 
the  line  of  the  major  axis,  &c.,  are  called 
Inequalities.  They  are  generally  divided,  in  a 
systematic  account  of  them,  into  those  which  do, 
and  those  which  do  not  depend  on  the  eccentricity. 

Ineitia.  The  principle  generally  named  the 
principle  of  the  Inertia  of  Matter,  is  twofold. 
The  first  part  of  it  is  a  pure,  but  convenient  hy- 
pothesis. This  hypothesis  is,  that  all  external 
nature  is  naturally  inert,  motionless,  lifeless;  and 
that  action,  or  activity,  can  be  impressed  on  it 
solely  by  external  energies  or  forces.  But  in  so 
far  as  we  can  form  any  conception  of  the  con- 
stitution of  matter,  this  is  physically  quite  un- 
true,— not  an  atom  existing  which  is  not  the 
centre  and  source  of  manifold  and  multiform 
activities.  The  hypothesis  is  convenient,  how- 
ever, and  even  necessary  to  the  development 
of  science : — we  inquu-o  theoretically  what  kind 
of  motions  could  be  impressed  on  an  inert  point  by 

the  action  of  certain  external  forces;  and  these 

determined— we  infer,  or  expect  to  infer,  some- 
tliing  concerning  the  nature  of  those  inherent 
activities,  or  affections,  which  positively  establish 
4C5  2  H 
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the  place  occupied  by  that  point  amid  the  changes 
of  the  Universe.  No  other  possible  account  can  be 
rightly  given  of  this  conception  of  Inertia. — But 
there  is,  besides,  the  Law  of  Inertia, — the  funda- 
mental Law  of  Motion, — the  Law;  viz.,  that  a 
body  subjected  to  any  impulse,  or  cause  of  Motion, 
would,  if  not  further  disturbed,  move  on  for  ever 
in  a  straight  line,  and  with  an  uniform  velocity. 
For  a  full  discussion  regarding  this  and  cognate 
Laws,  see  Laws  of  Motion. 
Inflexion.  See  Diffraction. 
Insiilatioii.  When  Electricity  is  given  to  a 
mass  of  iron  held  in  the  hand,  it  does  not  remain 
ou  it,  but  passes  off  immediately  to  the  earth. 
This  happens  whether  the  Electricity  imparted 
be  vitreous  or  resinous,  positive  or  negative. 
If  Electricity  be,  on  the  other  hand,  imparted 
to  a  bar  of  glass  it  will  hold  its  charge  for  a 
long  time,  though  in  contact  with  the  hand. 
Some  kinds  of  matter,  therefore,  conduct  elec- 
tricity, and  some  other  kinds  seem  to  resist  its 
passage.  In  the  case  of  the  glass,  the  earth 
has  not  changed,  and  is  ready  to  conduct  the 
electricity  away,  but  the  glass  resists  its  passage 

down  It  is  called,  therefore,  a  non-conductor 

or  an  insulator.    The  latter  name  it  gets  from 
this  fact,  that  when  a  conducting  body,  such  as 
iron,  is  not  in  connection  with  the  earth  except 
through  some  such  insulator,  it  receives  elec- 
tricity and  retains  it,  as  if  it  had  been  a  non- 
conductor.   Thus,  if  we  stand  on  a  stool,  with 
glass  legs,  and  place  ourselves  in  connection 
with  a  working  electric  machine,  M'e  receive  a 
charge  which  we  can  give  off  when  we  put  our- 
selves in  connection  with  a  conductor.  Bodies 
then,  which  like  glass,  resist  the  passage  of 
electrieit\-,  are  called  insulators,  and  those  which 
do  not  are  non-insulators.    Glass,  the  resins, 
such  as  shsUac,  gutta-percha,  &c.,  are  good 
insulators.    Air  also  is  an  insulator,  else  as  all 
bodies  are  surrounded  by  it  in  ordinary  cases,  it 
would  be  only  possible  to  give  a  clmrge  in  a  Tor- 
riceUian  vacuum.    Water  is  not  an  insulator, 
and  from  this  cause  arises  the  chief  difficulty  found 
in  producing  insulation.    A  light  film  of  aqueous 
vapour  very  readily  deposits  on  the  siirface  of 
such  an  insulator,  as  a  glass  stool,  and  conducts 
the  electricity  downwards  to  tlie  earth.    It  is 
needful,  therefore,  to  heat  our  insulators  well  be 
lore  using  them,  carefully  nibbing  off  all  particles 
of  moisture.    It  is  useful  besides  to  coat  a  glass 
insulator  with  a  thin  surface  of  shellac,  which  is 
not  so  liable  to  become  moist,  as  the  glass,  and 
round  which,  therefore,  this  conducting  film  does 
not  so  readily  form.    Shellac  is  not  probably,  in 
Its  interior,  so  good  an  insulator  as  glass,  but  its 
surface  is  much  better,  m  consequence  of  this  pro 
perty.— No  body  is  a  perfect  insulator.— Elec 
tricity,  however,  of  very  low  tension,  i.e.,  feeble 
trans'missory  power,  will  jiass  along  an  iron  wire 
at  the  rate  of  thousands  of  miles  per  second,  while 
it  will  take  an  hour,  even  if  the  tension  be  very 
higli,  to  creep  an  inch  along  a  piece  of  glass, 
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This  will  give  an  idea  of  the  extent  of  this  insulat- 
ing quality,  and  of  the  differences  it  must  imply 
in  the  nature  of  these  substances. 

Integrntion.  The  process  of  the  integral 
calculus  is  essentially  of  the  following  nature  :— 
Given  a  series  of  quantities,  each  of  which  be- 
comes indefinitely  small  while  their  number 
increases  indefinitely,  it  is  required  to  know  to 
what  quantity  their  sum  constantly  approxi- 
mates. Thus,  supposing  that  we  have  a  cur\  ed 
line,  along  the  arch  of  which  we  draw  several 
chords,  then  if  we  take  the  chords  as  such  a 
series,  increasing  the  number  of  the  chords,  and 
so  diminishing  the  magnitude,  since  they  all 
travel  between  two  definite  points,  i.e.,  the  ex- 
tremities of  the  chords,  in  a  sort  of  general  di-( 
rection  or  course,  that  is,  along  the  arch,  it  is 
required  to  know  to  what  constant  quantity  the 
smn  of  the  chords  approaches  without  ever  reach- 
ing it.  It  is  sufficiently  evident  that  this  sum 
will  approach  to  the  arch  itself,  and  so  if  we  can 
by  means  of  the  integral  calculus  discover  its 
exact  amount,  we  shall  clearly  be  able  to  tell 
the  length  of  the  arch.  Hence  the  integral  calr 
cuius  enables  us  frequently  to  obtain  definite 
values  for  otherwise  unknown  quantities.  Simi- 
larly by  taking  what  are  called  elements  of  the 
area,  we  can  obtain  the  area  included  between  a 
curve  and  what  is  called  its  ordinate,  or  if  the 
curve  be,  like  the  circle,  an  enclosed  one — termi- 
nating in  itself,— we  can  tell  thus  the  area  which 
the  line  of  cm-ve  contains.  The  elements  are  the 
little  areas  contained  between  indefinitely  small 
arcs  of  the  cun-e,  and  indefinitely  near  parallel 
lines.  The  smaller  they  become,  the  nearer  they 
will  be  in  area  to  little  rectangles  having  one  of 
the  parallel  Imes  for  sides,  and  the  breadth  be- 
tween them  for  the  other,  and  the  whole  sum 
making  up,  in  any  case,  the  complete  area  of  the 
curve,  we  may  take  instead  of  it  the  quantity, 
found  by  the  integral  calculus  to  which  the  sura 
of  these  constantly  diminishing  rectangles  ap- 
proaches.   The  sign  of  integration  is  J" ,  the  old 

form  of  s,  the  initial  of  sum7na.—U  we  have  a 
series  of  quantities  which,  on  being  thus  indivi- 
dually diminished,  but  increased  in  number,  con- 
stantly approach  to  any  given  value,  suppose  the 
value  2,  then  they  will  'also  manifestly  constantly 
ai)proach  to  any  n\unber  above  that  value,  such 
as  3,  4,  &c,  although  they  always  remain  far 
below  these  latter  numbers.  Hence,  the  uitcgral 
calculus  might  give  us  with  as  much  propriety, 
in  answer  to  the  question,  which  as  we  have 
stated  it  answers,  the  numbers  3  or  4  as  the 
number  2.  How  then  shall  we  be  able  to  dis- 
tinguish ?  In  fact  there  is  difiieulty  in  doing 
so,  but  it  is  nevertheless  possible  in  most  cases. 
The  answer  usually  comes  out  =2  -f-n,  taking 
(e.g.)  2  as  the  correct  answer  or  proper  limit,  and 
this  quantity  a  is  indefinite,  but  its  value  may 
usually  bo  assigned  througli  some  datum  of  the 
special  question.    Sometimes  it  happens  that  the 
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irst  quantity  2  does  not  come  out  quite  evidently 
It  fii-st,  part  of  the  quantity  a'  being  as  it  were 
Tought  into  and  mixed  up  with  the  algebraical 
iiuantity  expressing  it,  but,  then  also,  it  is  possible 
to  tell  the  exact  value  in  ordinarj'  cases.  The 
methods  by  which  this  lowest  value  to  which  the 
sum  approximates — or  limit  of  the  sum — is  usu- 
ally found,  are  called  those  of  definite  integrak. 
(See  Todhunter's  Calcultis,  Be  Mcyrgans  Cal- 
ctiliis,  W/ieioelVs  Doctrine  of  Limits,  and  our 
articles  Lijuts  and  Calculus. 

Interference.    A  name  given  to  an  occur- 
rence that  must  take  place,  under  certain  cir- 
cumstances, with  regard  to  all  phenomena  which 
depend  on,  or  are  affected  by,  the  propagation  of 
W  aves ;  and  the  fertile  explanation  of  many  of 
the  most  striking  facts  in  Phj'sical  Optics. — In 
order  that  its  nature  be  clearly  apprehended  let 
15  refer  to  the  case  of  the  Tides.    In  the  free 
eean  there  is  but  one  great  tidal  wave ;  but  when 
that  tidal  wave  enters  channels  among  clusters 
)f  islands,  it  is  broken  into  several  subsidiary 
nes ;  and,  on  the  other  side  of  an  island,  these 
subsidiary  waves  frequently  meet  and  modify 
each  other, — the  actual  tide  on  the  coast  being 
then  not  the  general  great  luni-solar  wave,  but 
;he  result  of  the  meeting  of  these  partial  waves. 
I  he  tide  at  the  port  of  Batsha,  for  instance,  is  a 
•rfect  example  of  such  interference  in  its  com- 
letest  form.    The  actual  tide  of  this  harbour 
^ults  from  tAvo  sets  of  waves  passing  through 
:wo  channels,  whose  lengths  are  so  different,  that 
lie  tidal  wave  through  the  one,  reaches  Batsha 
xactly  six  hours  earlier  than  the  corresponding 
ave  through  the  other,    ffigh  water,  as  deter- 
lined  by  the  one  wave,  thus  meets  Low  water  as 
letermined  by  the  other ;  and  the  consequence  is, 
liat  at  those  seasons  at  which  the  morning  and 
'•ning  tides  are  equal,  there  is  no  tide  at  all  at 
'  itsha — the  hollow  of  the  one  wave  being  merely 
led  up  by  the  crest  of  the  other;  while  at  all 
her  seasons  there  is  only  a  small  tide,  due  to 
le  difference  between  the  heights  of  the  morning 
d  evening  tidas.    In  the  same  manner  have 

■  oral  apparently  perplexing  irregularities  of 
'-  tides  in  the  port  of  London  been  recently 
[•lamed  by  Dr.  Whewell.    This  tide  is  really 

■  result  of  the  interference  of  two  tidal  waves, 
of  which  flows  through  the  English  Channel 

■  ';ct  frora_  the  Atlantic,  and  the  other— also  from 

Atlantic,  but  propelled  towards  London  from 
•  north— through  the  German  Ocean.  — In- 
"lous  experiments,  contrived  by  Mr.  Hopkins, 
'w,  as  one  might  quite  expect,  the  applicability 
tne  same  principle  of  interference  to  the  aerial 
•ives  of  Sound.   These  waves  or  pulsations  differ 
m  the  tidal  waves  in  this,— they  consist  of 
emating  expanded  and  compressed  portions  of 
1'  Atmosphere;  so  that  interference  would  con- 

-l-Z  f  ^^"^  "'^^""g  of  expanded 

'  ^'i'li  the  compressed  portion 

,bo,  S""'  f°°"<l  that  if  two  separate 

'f^es  he  made  to  jom  or  meet  in  one  common  tube. 
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and  if  sound-waves,  in  opposite  states,  be  propa- 
gated through  the  separate  tubes,  there  is  no  wave 
or  sound  whatsoever  in  the  tube  in  which  they 
meet. — But  let  us  hasten  to  occupy  ourselves  ex- 
clusively with  the  remarkable  subject  of  the  Inter- 
ference  of  Light. — The  fundamental  fact,  con- 
nected with  this  large  class  of  phenomena,  is 
unquestionably  due  to  the  Jesuit  Grimaldi.  To 
him  science  is  indebted  for  the  earliest  statement 
of  the  apparent  paradox,  tliat  light  added  to  light 
may  produce  darkness.  This  was  the  form  of  his 
experiment : — Let  rays  of  light  pass  into  a  dark 
room  through  two  neighbouring  small  circular 
openings, — each  of  these  openings  will  be  the 
apex  of  a  luminous  cone  suiTounded  by  a  pen- 
umbra less  bright.    Eeceive  these  two  cones  on 
the  same  screen,  and  it  will  appear,  that  although 
portions  of  the  region  within  which  the  cones 
mingle  with  each  other,  ai-e  brighter  than  they 
would  be,  were  only  one  cone  received  on  the 
same  screen,  there  are  other  parts  much  darker, 
or  rather  wholly  unilluminated ;  and,  further,  that 
these  dark  parts  became  bright  again,  the  in- 
stant that  the  light  of  one  of  the  cones  is  removed 
by  closing  the  orifice  at  its  apex.    Until  the 
period,  however,  of  the  labours  of  our  country- 
man, Dr.  Thomas  Young,  nothing  additional 
accrued  in  relation  to  this  curious  subject,  and 
not  a  step  was  taken  towards  explanation  of  the 
phenomenon.    Yoimg  first  greatly  improved  the 
form  of  Grimaldi's  experiment.    Instead  of  cir- 
cul'ar  openings,  he  employed  narrow  rectilineal 
ones,  and  by  this  means  obtained  Grimaldi's 
results  much  more  clearly  and  definitely :  if 
homogeneous  instead  of  the  usual  composite 
solar  light  be  employed,  a  screen  in  this  case 
exhibits  an  alternating  series  of  well  marked 
dark  and  bright  bands  passing  on  either  side  of 
the  centre  of  the  space  separating  the  two  slits. 
Close  one  slit,  and  the  dark  hands  affecting  the 
light  entering  by  the  other  wholly  and  instan- 
taneously disappear.    The  mode  of  the  experi- 
ment received  its  last  perfection  from  Fresnel. 
Lest  it  might  be  said  that  these  bands  arise  from 
some  action  of  the  edges  of  the  hole  or  the  slit, 
Fresnel  substituted  the  two  inclined  min-ors  de- 
scribed under  Diffraction,  and  thus  completed 
the  demonstration,  that  Light  added  to  Light 
may  produce  darkness.    To  the  further  and  in- 
genious modifications  of  this  fundamental  experi- 
ment, as  proposed  by  Lloyd  and  others,  we  cau  'ot 
here  refer.— The  fact  clearly  established,  what  is 
its  cause- ?    It  is  one  of  the  strongest  of  Young's 
many  titles  to  a  high  permanent  place  in  Scientific 
History,  that,  first  of  all,  he  answered  the  ques- 
tion.   Before  his  time,  the  Undulatorj-  Theorr 
of  Light  had  been  propounded,  and  -was  rising 

into  esteem.    But  if  Light  is  not  an  Emission  

if,  like  the  Tide,  or  like  Soimd,  it  is  propagated 
by  systems  of  waves,  is  it  not  certain  that  two 
systems  of  waves  proceeding  from  different  sources 
and  intermingling,  will  necessarih'  present  lines 
or  curves  along  which  the  crest  of  the  one  just 
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fills  up  the  trough  of  the  other, — in  other  wordg, 
where  there  must  be  darkness?  We  are  not 
required  to  caiTy  out  here  specific  illustrations 
of  this  principle,  because  of  the  full  details  in 
article  Diffraction  ;  but  it  is  hoped  that  what 
has  been  said  even  here,  will  give  the  student  a 
distinct  conception  of  the  nature  of  what  is  termed 
Interference. — In  the  remainder  of  this  article, 
we  shall  state  briefly  the  general  laws  of  Inter- 
ference, advert  to  a  few  interesting  specific  in- 
quiries connected  with  it,  indicate  the  probable 
extent  of  its  range  among  phenomena,  and 
notice  a  few  of  its  proposed  applications. 

I. — According  to  the  Undulatory  theory,  the 
waves  of  light  are  found  in  two  conditions,  the 
condition  that  constitutes  Ordinary  light,  and  the 
condition  that  constitutes  Polarized  light.  The 
difi'erence  is  supposed  to  be,  that  while,  in  the 
former  case,  the  vibrations  of  the  particles  consti- 
tuting the  wave  always  correspond  in  all  respects 
in  regard  to  their  ])lane, — these  vibrations,  in  the 
latter  case,  are,  in  every  separate  instance,  confined 
to  some  special  plane.  The  student  will  fully  com- 
prehend this  rather  obscure  subject  on  referring  to 
Polarization  :  he  is  required  at  present  merely 
to  keep  in  mind,  that  if  a  beam  or  wave  of  ordi- 
nary light,  meets  another  beam  or  wave  of  the 
same  ordinary  light,  we  are  not  requhed  to  raise 
any  question  as  to  the  direction  in  which  the 
wave  particles  are  vibrating,  seeing  that  these 
are  the  same  in  both  beams ;  but  that  the  case  is 
quite  difierent  when  a  question  is  started  regarding 
two  raj'S  of  Polarized  Light.  Under  these  con- 
ditions let  us  study  Interference  as  it  must  be 
supposed  to  influence  the  meeting  of  rays  of  both 
sorts. 

(1.)  Unpolarised,  or  Common  Light. — This 
subject  also  consists  of  two  parts — viz.,  when 
the  rays  that  interfere  are  homogeneous,  and 
when,  as  in  the  case  of  the  ordinary  solar  beam, 
they  consist  of  several  distinct  colours,  or,  what 
is  the  same  thing,  of  several  distinct  and  easily 
distinguishable  sets  of  vibrations.  Both  cases, 
however,  have  already  been  so  fully  treated  under 
Diffraction,  that  regarJ  to  the  narrowness  of 
our  space,  prevents  our  further  adverting  to  them 
here. — On  one  collateral  point  of  much  interest, 
however,  a  remark  may  be  made.  It  long  re- 
mained one  of  the  crucial  questions  between  the 
theory  of  Emission  and  the  theory  oF  Undulation 
— whether  light  is  retarded  or  accelerated  on 
passing  from  a  rare  medium  into  a  dense  one. 
Accept  the  theory  of  Emission,  it  ought  to  be 
accelerated:  accept  the  theory  of  Undulation,  and 
we  expect  it  to  be  retarded.  The  question  has 
at  length  been  finally  .settled  by  direct  experi- 
ment—(see  Light,  Velocity  of),  but  it  is  also 
determinable  by  aid  of  tiie  principle  of  Inter- 
lerence.  If  one  of  the  rays  wiio.se  interference 
causes  those  symmetrical  fringes  on  the  screen 
alluded  to  above,  and  so  fully  described  under 
Dikfuaction,  be  made  to  pass  tlirough  a  dense 
inediuin — say  a  thin  or  transpareut  plate  or  a 
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tube  containing  water ;  and  if  its  velocity  be  thus 
altered,  the  system  of  fringes  will  no  longer  be 
found  on  the  screen  symmetrically  with  the  space 
between  the  two  slits — i.e.,  the  central  band  will 
no  longer  be  opposite  the  centre  of  that  space.  It 
is  clear  that  if  the  one  ray  of  light  has  been  re- 
tarded by  passing  through  the  denser  medium, 
the  action  of  the  other  ray  must,  so  to  speak, 
have  gained  upon  it,  and  the  system  of  fringes 
will  shift  towards  the  slit  through  which  the  re- 
tarded ray  is  entering :  if,  on  the  other  hand,  the 
ray  has  been  accelerated,  the  reverse  must  follow. 
Experiment  in  the  hands  of  Arago  pronounced 
for  the  former  result;  and  thus  stepped  out  in 
advance  of  the  very  brilliant  measurements  of 
Foucault  and  Fizeau. 

(2.)  Polarized  Light. — We  have  now  to  take 
into  account  the  planes  in  which  the  particles  of 
the  Light-wave  vibrate.  The  following  are  the 
laws  established  by  Arago  and  Fresnel : — 1.  Two 
rays  polarized  in  the  same  plane  necessarily  in- 
terfere exactly  as  if  they  were  rays  of  mipolarized 
light.  This  in  fact  is  a  mere  case  of  that  general 
one  in  which  we  do  not  require  to  take  any  ac- 
count of  the  planes  of  vibration — 2.  Two  rays 
polarized  in  planes  at  right  angles  to  each  other 
can  in  no  case  produce  the  phenomena  of  inter- 
ference, at  whatever  phase  of  their  vibration  they 
may  meet.  It  is  manifest  at  first  sight  that  a 
vibration  from  a  to  A',  and  vice  versa,  cannot  at 
all  afiect  a  vibration  from  b  to  b',  and 
vice  versa.  And  experiment  amph'  j*^ 
confirms  this. — 3.  Two  rays  polarized  | 
in  planes  inclined  to  each  other  at  an 
acute  angle,  inter/ere  partially  when 
they  meet  at  the  proper  phase;  the 
intensity  of  the  fringes  produced  is  in 
that  case  comparatively  feeble.  Ex- 
periment proves  this ;  and  the  student 
will  at  once  discern  the  cause  of  it,  by  resoh  ing 
one  of  the  vibrations  into  two — the  one  at  right 
angles  to  the  plane  of  the  other  vibration,  and 
the  other  in  the  direction  of  that  plane. — 4.  Two 
rays  polaiized  in  opposite  planes  may  be  brought 
into  the  same  plane  of  polarization  without  thereby 
acquiring  the  power  to  interfere  with  each  other. 
— 5.  Two  rays  treated  as  above,  interfere^  as  in 
tlie  case  of  ordinary  light,  provided  they  belong  to 
a  beam,  originally  and  as  a  whole,  polarized  along 

the  same  jdane  6.  The  phenomena  relative 

to  the  interference  of  rays  that  have  undergone 
double-refraction,  and  the  position  of  the  fringes, 
are  not  determined  solely  by  consideration  of  the 
distances  through  which  the  rays  have  travelled, 
or  their  velocities : — regard  must  be  had  to  a 
half-nridulaiion  that  may  be  said  to  have  been 
lost.  The  loss  of  this  half-undulation  is  a  simple 
and  beautiful  consequence  of  the  theory  of  trMis- 
vcrsal  vibrations.  In  reality  the  vibration  of  the 
wave  is  divided,  in  the  interior  of  the  cry  stal,  into 
two,  at  right  angles  to  each  other,  and  situate— 
tiie  one  in  the  plane  of  the  principal  section,  and 
the  other  perpendicularly  to  that  plane.  Eae 
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of  these  vibrations  must  be  decomposed  anew 
into  two  others,  according  to  their  rectangular 
■  lirections ;  and  it  is  easy  to  conclude  that  of  these 
four — (coming  from  the  primitive  vibration) — 
iwo,  along  one  of  the  definite  directions,  conspire 
or  agree;  while  the  other  two,  along  the  direction 
at  right  angles  to  it,  are  opposed.  It  is  clear, 
then,  that  the  vibrations  of  the  two  couples  must 
be  regarded  as  differing  by  half  an  undulation  — 
All  these  laws  have  been  amply  and  brilliantly 
confirmed  by  the  experiments  of  Arago  and  Fres- 
nel,  and,  it  may  just  be  added,  that  they  entirely 
consist  with  the  doctrines  of  Undulation  and 
Interfei-ence. 

II. — The  foregoirig  are  the  simple  laws  of 
Interference;  but  we  desire  to  give  an  idea  of 
the  multifarious  and  complex  conditions  under 
which  it  is  found  to  exert  its  influence,  and  of 
the  extent  of  unexplored  field  j-et  remaining  in 
this  region  of  Physical  Optics.  To  do  this,  in 
the  most  palpable  manner,  we  shall  specify  three 
problems  or  classes  of  phenomena,  that  have  re- 
cently engaged  attention. 

(1.)  A  very  singular  experiment  was  brought 
a  few  years  ago  under  notice  of  scientific  men  by 
PProf.  Baden  PoweU.    Take  a  hollow  prism  or 
wedge  of  glass  as  below,  and  enclose  within  it 
some  very  refringent  or  dispersive  liquid,  such  as 
lioil  of  sassafras,  or  cassis  ;  next  introduce  into  it 
partially,  as  in  the  figure, 
a  plate  of  glass  whose  lower 
edge  shall  be  parallel  to 
the  base  of  the  prism,  or 
the  surface  of  the  liquid. 
This  done,  introduce  a 
beam  of  light  through  a 
narrow    horizontal  slit, 
and  observe  the  spectrum 
formed  by  it,  with  the 
eye  at  the  arrow.  The 

Sstrangest  appearances  manifest  themselves,  

bithe  spectrum  thus  formed  is  crossed  by  a  certain 
nnumber  of  dark  bands  parallel  to  the  slit  or  to  the 
those  of  the  prism.     Professor  Powell  tried 
ivanous  combinations  of  oils  and  other  media, 
With  plates  of  glass  and  other  transparent  sub- 
hstances  of  diflPerent  thicknesses :— he  found  each 
•combination  distinguished  by  its  peculiar  svstem 
ot  dark  bands.  Further,  he  varied  the  inclination 
ot  the  mimersed  plate,  sometimes  even  laying  it 
|on  the  side  of  the  prism,-the  bands  did  not 
■eease  to  be  visible,  but  their  intensity  faded  as 
wue  deviation  of  the  plate  from  the  perpendicular 
wncreased.    Mr.  Stokes  proposed  a  new  form  of 
experiment  as  below,_the  vessel  with  the 
piqum  and  plate.being  rectangular,  and  a  prism  (of 
wne  same  material  as  the  vase)  fitted  to  produce 
spectrum  being  placed  outside.  The  phenomena 
•are  prec,sely  the  same;  but  this  form  of  the  ex- 
»penment  m  preferable,  as  it  separates  the  agency 

■itL'irT","  t^^^'^  ^'""^  ^he  agency  which 
^olves  the  dark  bands.-Complex  though  these 
Wtrange  appearances  unquestionably  are,  they  have 
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all  yielded  to  the  principle  of  Interference.  Their 
origin  in  general  terms  is  this : — the  portion  ol 
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the  ray  passing  through  the  plate  is  retarded; 
and  when  the  retarded  part  and  the  unretarded 
part  emerge  and  mingle,  there  is  a  destruction  of 
light  at  all  those  points  of  the  spectrum  where 

the  retardation  amounts  to  half  an  undulation ;  

hence  the  dark  bands.  But  this  general  explana- 
tion is  not  enough ; — account  must  be  given  of 
specific  cases  and  their  specific  phenomena:  and 
it  is  precisely  here  that  the  doctrine  of  Inter- 
ference has  achieved  its  triumph.  By  aid  of  the 
formulae  of  Fresnel  and  Airy,  Profes'sors  Stokes 
and  Powell  have  traced  the  dependence  of  every 
specialty  of  these  dark  bands  —  their  number, 
thickness,  and  distribution — on  the  relative  re- 
fringent powers  of  the  plate  and  the  liquid  me- 
dium. Nay,  so  thoroughly  has  this  been  accom- 
plished, that  if  the  refringent  or  dispersive  power 
of  the  liquid  medium  be  known,  and  the  number 
of  the  bands  ascertained  by  observation,  we  may 
deduce  by  calculation  the  index  of  Eefraction  of 
the  Plate. 

(2.)  The  second  instance  to  which  we  shall 
allude,  is  one  of  those  innumerable  classes  of  facts 
with  which  the  unequalled  industry  and  accuracy 
of  Sir  David  Brewster  have  enriched  every  de- 
partment of  Physical  Optics.    Form  a  spectrum 
either  by  Refraction  or  Diffraction.    Look  at  it 
across  the  edge  of  a  thin  plate  of  glass,  quartz, 
or  mica;  in  other  words,  place  such  a  plate  so 
that  it  cover  about  half  the  pupil  of  the  eye.  If 
the  plate  be  on  the  violet  side  of  the  spectrum,  the 
entire  spectrum  will  appear  traversed  by  numerous 
black  and  nearly  equi-distant  bands  parallel  to  the 
dark  lines  of  Frauenhofer,  and  which,  speaking, 
generally,  increase  in  breadth  with  the  thickness 
of  the  plate.    But  if  the  plate  is  on  the  red  side 
of  the  spectrum,  no  bands  are  produced.  Sir 
pavid  has  studied  this  curious  subject  under  all 
its  aspects — varying  the  inclination  of  the  plate, 
&c.,  &c.  Mr.  Airy  immediately  occupied  himself 
with  the  theory  of  these  new  bands.    At  the 
meeting  of  the  British  Association,  in  1840,  he 
produced  a  very  able  memoir,  referring  them  to 
Interference;  but  on  the  supposition  that,  when 
seen,  the  spectrum  was  slightly  out  of  focus.  Sir 
David  objected,  that  the  phenomenon  explained 
could  not  be  the  true  phenomenon,  because,  alon-i- 
with  his  dark  lines,  he  saw  the  fixed  lines  o^ 
Frauenhofer,  and,  therefore,  that  the  spectrum 
must  have  been  perfectly  in  focus.    Mr.  Airy 
resumed  his  investigations,  and  generalized  theiii 
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finding  his  former  sup[)osition  unnecessary ;  but 
Sir  David  again  objected  to  several  of  his  formulsE 
and  specific  results.  Professor  Powell  has  since 
then  reviewed  the  -whole  curious  question,  ex- 
pressing a  strong  conviction  that  Mr.  Airy's  two 
memoirs  contain  a  satisfactory'  reference  to  the 
theory  of  Interference,  of  all  phenomena  belong- 
ing to  this  class,  at  present  known.  He  confesses 
at  the  same  time  that  peculiarities  may  occur 
not  easily  reducible  by  the  calculus,  but  contends 
that  even  such  a  circumstance  ought  not  to  be 
held  as  invalidating  a  general  theory  which  has 
explained  so  much.  The  whole  history  of  this 
curious  case  is  most  interesting,  and  ought  to  be 
studied  in  the  original  memoirs  by  the  eminent 
men  we  have  named. 

(3.)  It  is  impossible  to  omit  reference  to  those 
recent  very  interesting  researches  by  Foucault 
and  Fizeau,  concerning  the  interference  of  two 
rays  of  light  which  have  passed  through  spaces 
of  very  different  lengths : — the  phenomena  usually 
produced,  are  evolved  by  rays,  diflFering  from  each 
other,  in  regard  of  the  course  they  have  traversed, 
by  only  a  verj'  few  half  undulations.  Imagine 
the  fringes  of  diffraction  produced  by  the  mirrors 
of  Fresnel  to  be  received  on  a  screen ;  and  let  that 
screen  be  pierced  by  a  very  fine  slit  in  the  midst 
of  the  central  fringe.  If  the  ray  emerging  from 
this  slit  be  passed  through  some  very  refringent 
medium,  it  will  be  expanded  into  the  ordinary 
spectrum,  and  the  observer  viewing  this  spectrum 
by  a  telescope  will  simply  discover  the  usual 
colours  and  the  fixed  lines  of  Frauenhofer.  Sup- 
pose now  that  one  of  Fresnel's  mirrors  is  made 
to  advance,  or  brought  forward  in  a  direction 
parallel  to  its  original  position,  the  central  band 
or  fringe  will  be  displaced,  and  instead  of  it  a 
fringe  will  be  found  of  an  order  that  will  be  the 
higher,  the  farther  the  mirror  is  brought  forward. 
Instantly  the  spectator  wiU  find  the  spectrum 
covered  with  dark  and  bright  lines ;  and  these 
increase  in  number  and  crowd  on  each  other  the 
more,  as  the  mirror  is  farther  and  farther  brought 
forward.  The  ordinary  fixed  lines,  remaining  in 
the  spectrum  at  the  same  time,  one  can  easily 
count  the  similar  lines  between  any  two  of  them, 
and  it  is  found  that  this  number  depends  exactly 
on  the  amount  of  the  advance  of  the  mirror.  If, 
instead  of  causing  the  mirror  to  advance,  a  thin 
plate  (a  plate  of  retardation)  be  placed  in  the  way 
of  one  of  the  rays,  precisely  the  same  phenomena 
occur,  and  the  bands  increase  in  number  with  the 
thickness  of  the  plate.  The  following  is  the  ac- 
count given  bv  MM.  Foucault  and  Fizeau,  of 
their  first  general  conclusion :— "  The  number  of 
bands  may  be  made  very  great,  without  their 
ceasing  to  be  observable,  through  the  whole  length 
of  the  spectrum.  When  66  were  counted  between 
the  Frauenhofer  lines,  e  and  F,  the  phenomenon 
was  distinct  and  defined,  and  there  were  then 
about  500  in  the  whole  spectrum.  When  this 
number  is  largely  augmented  they  begin  to  fade, 
and  e\  en  no  lonirer  to  be  perceived,  near  the  red 
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extremity; — after  that  they  fade  away  in  the  i 
orange,— next  in  the  yellow, — crowding  up  to- 
wards the  violet  end  of  the  spectrum.    The  i 
greatest  number  counted  between  e  and  f  is  141 ;  , 
they  have  been  seen  still  more  crowded,  but  in  i 
that  case  they  could  not  be  counted,  because  of  the  i 
feeble  intensity  of  the  light  employed  in  such  cir-  i 
cumstances  to  form  the  spectrum.  The  progressive  •, 
disappearance  of  these  bands,  beginning  with  the  i 
least  refrangible  portion  of  the  spectrum,  as  the  ( 
diflPerence  of  the  routes  of  the  two  rays  becomes  ) 
greater  and  greater,  is  a  phenomenon  constantly 
observed,  whatever  the  means  used  to  produce  the 
interference.    If  it  be  remarked,  that  this  dis-  * 
appearance  does  not  begin  until  the  bands  have  » 
attained  an  extreme  thinness,  and  if  it  be  recol-  1 
lected  that  in  consequence  of  the  decreasing  dis-  \ 
persion,  from  the  violet  end  of  the  spectrum  to  | 
its  opposite,  the  light  at  the  latter  is  necessarily  I 
less  pure  or  homogeneous,  one  may  be  inclmed  ^ 
to  attribute  the  fact  just  mentioned,  to  the  im-  | 
perfect  separation  of  the  simple  rays  at  the  least 
dispersed  extremity  of  the  spectrum." — Foucault 
and  Fizeau  have  not  stopped  -with  the  exhibition 
of  the  new  interferences  now  described;  their 
elaborate  memoir  contains  a  mass  of  original 
and  most  curious  investigation,  concerning  in- 
terferences produced  by  reflexion  from  thin  plates, 
and  by  means  of  double  refraction ;  and  they  have 
further  investigated  the  singular  efiiecls  produced 
on  polarized  light  by  hi- refringent  crj'stals.  We 
cannot  follow  them  through  such  researches  here, 
but  must  content  ourselves  with  assenting  to  the 
opinion  of  M.  Babinet,  who  reported  on  their 
laboiu-s  to  the  Institute,  that  henceforward  the 
mode  of  analysis  they  have  used  must  be  the 
essential  instrument  in  the  hands  of  any  one 
occupied  with  the  higher  problems  of  Physical 
Optics. 

III.— It  cannot  be  doubted,  that  a  principle  so 
fertile  and  flexible  as  the  one  now  explained  and 
exemplified,  must  play  a  very  important  part  in 
the  production  of  optical  plrenomena.  Among  the 
more  remarkable  aspects  of  external  nature,  we 
find  as  its  result,  the  twinkling  of  the  fixed  stars. 
See  Scintillation.  As  is  shown  in  many 
separate  articles  in  this  Dictionarj-,  it  is  the  source 
of  all  these  brilliant  chromatic  phenomena,  di.s- 
played  in  diffraction,  and  the  colours  manifested 
by  "crystals  subjected  to  polarized  light;  and, 
indeed,  sets  of  fringes,  rectilineal  or  circular,  are 
rarely  met  with,  unless  through  the  agency  of  In- 
terference. But  the  point  of  highest  interest, 
requiring  notice  in  this  place,  is  one  suggested  by 
these  most  instructive  experiments  of  Foucault  and 
Fizeau.  These  ingenious  physicists  have  placed 
it  beyond  all  doulit,  that  by  the  interference  of 
rays,  whose  routes  differ  very  much  in  length,  the 
ortlinary  spectrum  can  be  crowded  with  dark 
bands — these  bands  increasing  in  number  as  the 
difl'erence  augments.  It  is  not  possible,  then,  to 
refrain  from  the  hypothesis  that  the  puzzling  dark 
lines  of  Frauenhofer,  and  even  those  wonderful 
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phenomena  discovered  by  Sir  David  Brewster, 
concerning  the  effect  of  nitrous  acid  gas,  the 
vapour  of  iodine,  brome,  &c.,  &c.,  may  here  find 
their  rational  explanation.    It  had,  indeed,  been 
conjectured  long  before  the  singnlar  experimental 
conlirniation  by  Foucault  and  Fizeau,  that  such 
lines  ai  e  simple  results  of  interference.    Sir  John 
Ilerschel  very  early  took  this  view,  and  exhibited 
it  iii  a  paper,  published  iii  the  PhiLsnphical 
Magazine.     But  he  assigned  every  individual 
absorption  to  a  special  cause,  and  was  thus  obliged 
to  imagine  as  many  different  causes  within  ab- 
sorbing bodies,  as  there  are  dark  lines  or  absorp- 
I  tions  in  the  spectrum.     No  such  explanation 
I  could  be  received  ^  it  was  the  ignatum  per  igno- 
I  tius:  nevertheless,  our  countryman  had  the  hon- 
:  ourof  tirst  suggesting  what  seems  the  true  origin 

■  of  these  puzzling  appearances.  The  credit  of 
.  carrymg  out  this  suggestion,  and  of  first  present- 
i  ing  it  in  an  acceptable  form,  is  unquestionably 
:  due  to  Baron  Von  Wrede,  whose  most  instructive 
!  and  elaborate  Memoir  (already  frequently  referred 
:  to),  has  been  worthily  included  in  the  valuable 

■  repertory  of  Mr.  Taylor.    The  Baron  assumes 
nothmg  except  one  general  fact— or  rather,  what 

:  every  physicist  accepts  as  a  fact  regarding  the  con- 
i  stitution  of  matter :— viz.,  that  all  matter  is 
:  composed  of  particles  maintained  by  certain  forces 
I  at  determinate  distances  from  each  other.  Now, 
»  while  it  is  clear  that  such  a  constitution  must 
«  impress  certain  general  conditions  on  a  lumin- 
^  ous  wave  passing  into,  or  through  any  portion  of 
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I  matter ;  it  is  equally  manifest  that  no  d  priori 
statement  can  be  made  as  to  the  specific  effects  to 
;  be  expected  from  the  transit  of  such  a  wave 
t  through  any  specific  kind  of  matter,  because  we 
«  are  quite  ignorant  of  the  specific  difference  be- 
t'  tween  the  molecular  constitution  of  any  two  sub- 
stances.  Theory,  in  this  case,  therefore  cannot 
P  predict  particular  results;  it  can  only  show  that 
■  molecular  differences  have  the  power  to  produce 
in  such.  Not  passing  beyond  the  foregoing  general 
asauraption  regarding  the  constitution  of  matter 
*  let  us  imagine  a  light  wave  entering  or  passing 
» through  such  a  mass  of  connected,  but  yet  sepa- 
rate molecules.  It  is  clear,  that  these  particles 
Vrf".^  resistance  to  the  wave  ;  part  of  it  will 
ce  reflected  from  surface  to  surface  of  the  mole- 

d£„r  <=°"''i«t  of 
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merely  general  form.    By  the  application  of  the 
calculus,  he  has  shown  how,  in  the  chief  cases, 
alike  the  difference  of  march,  and  the  intensities  of 
the  emerging  rays,  may  be  calculated  for  any 
number  of  reflections;  and,  what  is  even  more 
satisfactory,  he  hasdevised  experiments,  afterwards 
perfected  by  M.  Soieil— experiments  in  whicli 
the  reflecting  surfaces  of  the  molecules  are  re- 
presented by  cylindric  surfaces  of  mica— by  which 
it  can  be  made  manifest  tliat  such  bands  may  be 
produced,  as  Sir  David  Brewster  observed  in 
some  of  his    most  remarkable  experiments. 
Should  VonM^rede's  views  and  ideas,  when  further 
developed,  fulfil  their  present  apparent  promise, 
they  will  lead  us  towards  something  of  a  solution 
of  the  yet  obscure  question  concerning  the  natural 
colour  of  bodies;  and  what  is  of  equal  impor- 
tance, the  bauds  produced  by  the  interposition 
of  any  gas  or  other  substance  will  cease  to  be 
isolated  phenomena,— they  will  be  our  first  clue 
to  the  peculiarities  of  the  molecular  constitution 
of  these  substances  themselves. 

IV. — We  conclude  this  article  by  a  brief  refer- 
ence to  a  few  of  what  may  be  termed  the  practi- 
cal applications  of  the  principle  of  interference. 

(1)  .  By  its  aid,  an  objection  that  at  one  time 
appeared  fatal  to  the  wave  theory  of  Light,  is 
entirely  removed.  This  theory  seemed  at  first 
inconsistent  with  the  rectilineal  propagation  of 
light,  inasmuch  as  a  wave,  although  meeting  au 
obstacle,  turns  round  that  obstacle.  How  then 
could  shadows  exist  ?  The  reply  is  quite  satis- 
factory. The  wave  does  turn  round  obstacles ; 
nevertheless  shadows  necessarilv  exist  because 
the  different  portions  of  the  lateral  wave  destroy 
each  other  ly  interference,  and  the  oiilv  efficacious 
part  of  the  wave,  is,  on  this  account,  those  por- 
tions of  it  which  are  propagated  straight  onwards. 
The  grounds  of  this  assertion  have  already  been 
in  so  far  exposed  under  Diffraction. 

(2)  .  In  (1.)  I.  of  this  article,  it  is  explained 
how  the  interposition  of  a  refracting  substance 
between  one  ray  and  the  screen,  necessarily  dis- 
places the  system  of  fruiges,  in  the  fundamental 
experiment  of  diffraction.    The  amount  of  this 
displacement  depends,  of  course,  upon  the  index 
of  refraction  of  the  inteqiosed  plate;  for  it  is 
in  proportion  to  this  index,  that  the  velocity  of 
the  ray  is  accelerated  or  retarded.      It  'was 
early  suggested  by  Arago,  that  the  measure- 
ment of  the  displacement  furnishes  by  far  the 
most  delicate  means  of  determining  the  refring- 
ent  power  of  any  transparent  substance;  and 
the  accurac}'  of  his  opinion  is  made  strikingly 
apparent  by  an  elaborate  investigation  of  this 
kind  on  wliich  he  ventured.  Tiie  question  whether 
the  humidity  of  the  atmosphere  ouglit  to  be  taken 
into  account,  in  the  theory  of  Astronomical  re- 
fractions, had  long  been  a  vexed  one.  Laplace 
and  Biot  liad  both  engaged  in  the  controversy  • 
but  instruction  by  experiment  remained  absent' 
The  subject  was  taken  up  by  Arag-o  and  Fresnel' 
—the  leading  experiment  being  made  by  thciii 
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conjointly ;  the  correction  and  confirmation  of  it 
by  Arago  alone.    The  form  of  the  experiment 
ivas  simple,  altliough  the  preparation  and  con- 
duct of  it  demanded  that  precision  and  care,  which 
one  can.  look  for,  only  from  tlie  most  expert  and 
distinguished  physicists.     Two  tubes  above  a 
yard  (a  metre),  in  length,  were  filled — the  one 
■with  dry,  the  other  with  moist  air,  at  the  same 
temperature  and  the  same  elasticity     The  open 
ends  of  the  tubes  were  closed  by  plates  of  glass, 
in  all  respects  corresponding.    The  two  rays  of 
the  diffraction  experiment  were  then  made  to 
pass  through  the  two  tubes.    If  the  refringent 
powers  of  dry  and  moist  air  are  the  same,  it 
is  clear  that  the  central  band  of  diffraction  would 
retain  its  symmetrical  position ;  if  they  are  differ- 
ent, that  baud  and  the  whole  systen^  of  fringes 
must  move  tozaards  the  tube  containing  the  most 
highly  refracting  medium.     Displaceinmt  took 
place  by  the  breadth  of  a  fringe  and  a-half  to- 
wards the  side  of  the  dry  air.    Dry  air,  therefore, 
is  more  highly  refringent  than  moist  air;  and  the 
difference  could  be  calculated.    At  80°  Fahr.  the 
index  of  refraction  of  dry  air  came  out  to  be 

1-0002945, 
while  that  of  moist  air  appeared 

1-0002936; 

a  difference  almost  infinitesimal,  but  real  and  cer- 
tain ; — so  delicate  an  instrument  is  the  principle  of 
Interferences !  It  might  be  applied  in  the  same 
way  to  test  all  other  qualities  of  the  Atmosphere ; 
and  Arago  has  shown,  how  by  a  very  simple 
apparatus,  it  might  indicate  variations  of  the 
air's  pressure  and  temperatiu-e, — thus  supplant- 
ing the  barometer  and  thermometer.  Into 
further  details,  however,  our  limited  space  for- 
bids us  to  go. — Such,  in  outline,  the  general 
character  of  that  most  important  piinciple,  known 
as  the  Interference  of  Light.  The  student  will 
find  it  fully  developed  in  all  good  modern  treatises 
on  Light.  That  he  is  acquainted  with  it,  will 
be  assumed  in  many  articles  on  Physical  Optics, 
in  the  further  portions  of  this  Dictionary. 

Interpolation.  The  operation  of  finding 
terms  between  any  two  consecutive  ones  of  a 
series  which  shall  conform  to  the  law  of  the  series. 
In  most  cases  the  law  of  the  series  is  not  given, 
but  only  numerical  values  of  certain  terms  of  the 
series,  taken  at  fixed  and  regular  inter\-als.  In 
this  case  we  may  approximate  to  the  interpolated 
term  by  the  formula — 

n  n.  (n — 1) 
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term  a,  and  n  denotes  the  order  of  the  interpolated 
term.  To  illustrate  the  process  of  interpolation, 
let  us  take  the  equation  y  =  f(x).  Now,  by  as- 
signing values  to  x,  and  deducing  corresponding 
values  ofy,  we  shall  have  sets  of  values  of  x  and 
y  which  may  be  regarded  as  the  co-ordinates  of  a 
plane  CMTve  that  may  be  constructed.  Suppose 


,   (1.) 

-r    1 2  3  ' 

Formula  (1.)  expresses  any  term  of  a  series  whose 
terms  are  computed  for  values  of  the  variable  in 
arithmetical  progression ;  a  denotes  the  term  of 
the  series  preceding  the  interpolated  term;  di, 
di,  d^,  d.i,  &c.,  are  the  first  terms  of  the  suc- 
c^'ssive  orders  of  diQereuces,  counting  from  the 
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o  X  and  o  t  to  be  the  axes  of  co-ordinates,  and 
a  b'  &  d\  &c.,  the  curve ;  bb',  c&,d  d',  &c,  to  be 
ordinates  taken  at  equal  intervals,  that  is,  so  that 
0  0  =  0  b=bc=c  d,  &c.  Now,  if  the  curve  were 
accurately  constructed,  any  ordinate  g  g'  between 
b  b'  and  c  &,  might  be  found  by  drawing  g  g' 
parallel  to  o  y,  and  measuring  the  length  of  it 
by  means  of  a  scale  of  equal  parts ;  but  if  the 
cun'e  were  only  approximately  given,  the  value 
of  gg'  could  oidy  be  approximately  determined. 
But  if  we  have  tabulated  a  series  of  values  of  y 
for  values  of  x  in  arithmetical  progression,  we  can 
by  interpolation  obtain,  to  any  degree  of  exact- 
ness, any  intermediate  ordinate.  In  order  to 
apply  formula  (1.^  to  find  the  value  of  g  g',  we 
should  make  in  it — 

a  =  bh',n=  -, — ' 

b  c 

and  taking  the  tabulated  values  of  b  b',  cd,d  d\ 
&c.,  find  the  successive  order  of  differences  to  any 
required  degree  of  accuracy,  and  make  dj,  d^^ 
c?3,  &c.,  equal  to  the  first  terms  of  the  successive 
orders  of  differences.  Substituting  these  exjires- 
sions,  in  formula  (1.),  the  value  of  t  will  be  the  I 
ordinate  required,  or  the  interpolated  term.  To  I 
illustrate;  let  it  be  required  to  find  from  the 
tabulated  values  of  the  logarithms  of  the  num- 
bers 12,  1.3,  14,  and  15.  the  value  of  the  loga- 
rithm of  12|  :— 

Nos.  18.          13.          14.  15. 

Log.  l-0r918I     l-n3943     HG128  )17(i091 

1st  or  diffs.  0-0347(!2      0-0321S5  0-29i)«3 

ad   do.  — OOOiS??  — 0D022'.!2 

3d   da  0-00035* 

Counting  from  log.  12,  we  have — 

a  =  1-079181,  n=^,  di  =  0-034762 
d2  =    0-002577  c?3  =  0-000355 

Substituting  these  values  in  formula  (1.),  and 
neglecting  all  the  terms  after  the  fourth,  us  iu- 
appreciable,  we  have — 
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T  =  log.  12i  =  a  +1  rfi  +  grfa  +^cf3-f  &c., 

=  1-079181  -|-  0-017381  +  0-000322 
+  0-000022  =  1-096906 

Had  it  been  required  to  find  the  logarithm  of 
12-39,  we  should  have  made  n  =  0-39,  and  the 
process  would  have  been  the  same  as  above.  In 
like  manner  we  may  interpolate  terms  between 
the  tabulated  terms  of  any  mathematical  table. 
The  method  of  interpolation  is  of  extensive  use, 
not  only  in  pure  analysis  and  geometry,  but  also 
in  various  other  subjects  of  mathematical  in- 
quiry and  computation,  particularly  in  Astro- 
pnomy.    In  this  latter  branch  of  investigation  it 
tis  the  means  of  saving,  in  many  cases,  immensely 
L'laborious  computations.    Thus,  for  example,  in 
fi  finding  the  places  of  some  of  the  planets  whose 
iiniotions  are  not  very  rapid,  it  will  be  sufficiently 
^accurate  to  compute  their  places  for  every  fourth 
:or  fifth  day,  and  then,  by  interpolation,  to  find 
dtheir  places  for  intermediate  days.    Again,  in 
nfinding  the  moon's  place  for  any  particular  hour, 
'.supposing  its  place  for  every  three,  six,  or  twelve 
:  hours  to  be  given,  the  method  of  interpolation 
may  be  applied  with  great  success,  the  results 
utliffermg  inappreciably  from  those  of  actual  com- 
•  putation.    By  this  means,  also,  the  place  of  a 
icomet  at  any  particular  time  may  be  determined, 
rfrom  observations  made  previous  and  subsequent 
;do  that  precise  period.    In  a  word.  Astronomy 
Uias  derived  more  assistance  from  this  principle 
Mhaa  from  ahnost  any  other  mathematical  device. 
Inrariants.    See  Polynomj£. 
Involute.    See  EyoLDTE. 
Involution,  in  Arithmetic  and  Arithmetical 
Algebra,  is  the  process  by  which  numbers,  or 
literal  representations  of  numbers,  or  combina- 
tions of  such,  are  raised  to  powers,  i.e.,  on  which, 
the  act  of  multiplication  into  themselves  is  re- 
peated any  number  of  times.    The  Binomial 
iheorem  is  the  general  representation  of  the  re- 
.mlts  or  laws  of  such  Involution.- In  Symbolical 
Algebra,  or  the  Science  of  Operations^  the  sie- 
nifacance  of  the  term  Involution  may  be  extended 
•0  represent  the  repetition  upon  a  quantity  or 
;  3f  ti'mes  ^"^^  operation,  any  number 

nmHr?-',"''","'.'"  ^^«(^!/-  A  very  important 
nmd  fertile  relation  between  points  is  indicated, 
n  the  Higher  Geometry,  by  this  term.    It  is 
-xplained  fully  under  Ratio.  Technically, 

.y3^J5'%"T'^  ""'l         be  three 

ystems  of  two  pomtn,  conjuffate  to  each  other- 

ud  if  r-^'^-'  «  to  a';  6  to  b',  and  c  to  C; 
loinff  "''''"'^onic  liatio  of  four  of  these 
lieir  f^f  '     ''"'^  '^^"'il  to  that  of 

hl  TJ  P°'"'^ :  ^J^'-.         C  and  c- 

ese  six  points  are  said  to  be  in  involution.  The 

^"'l       value  in 

n-eat  w^  ri    VT.?      ^""^  subject,  the 

^•eat  work  of  Chasles-Geome^r/e  Superieure. 
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Irene.  One  of  the  Asteroids.  For  Elements, 
&c.,  see  Asteroids. 

Iridescence.  The  name  given  to  those 
brilliant  displays  of  colour  always  manifested 
when  transparent  substances  are  presented  in 
very  thin  plates— as  in  the  case  oi  fish  scales, 
the  laminaj  of  mother  of  pearl,  soap  bubbles,  &c. 
See  Thin  Plates,  and  Interfekence. 

Iris.    One  of  the  Asteroids.    For  Elements, 
&c.,  see  Asteroids. 
Iris.    See  Rainbow. 

Iriscope.  An  ingenious  and  simple  instru- 
ment, invented  by  Mr.  Reade,  by  which  Newton's 
coloured  rings  can  be  readily  shown.  It  is  simply 
a  plate  of  black  glass  perfectly  polished.  Let  the 
experimenter  cover  its  surface  with  thin  and  very 
fine  soap,  and  rub  it  afterwards  with  a  piece  of 
dry  chamois  leather.  On  breathing  on  it  after- 
wards through  a  glass  tube,  the  vapour  deposits 
itself  in  brilliant  rings,  the  exterior  of  which  is 
black,  and  the  interior  either  white  or  coloured, 
according  to  the  quantity  of  vapour  deposited. 
The  colours  of  these  rings  seen  under  ordinary  or 
composite  Light,  correspond  with  the  reflected 
rings  of  Newton,— with  this  difference,  that  as 
the  film  of  vapour  is  here  thickest  at  its  centre, 
the  rmgs  of  the  Iriscope  have  blaclc  exteriors  or 
contours.  See  Thin  Plates.— The  Iriscope  is 
much  more  a  philosophical  toy  than  a  philoso- 
phical instrument. 

Irradiation.  An  optical  phenomenon  briefly 
explained  as  follows:— It  is  well  known  that  the 
images  of  objects  persist  on  the  retina,  in  time. 
I.e.,  we  continue  to  see  a  light  for  a  certain  period 
after  that  light  has  gone  out ;  witness  the  trains 
of  light  of  the  fallmg  stars,  and  a  common 
child  s  amusement;  viz.,  the  whirling  round  of  a 
bright  point,  causing  thereby  the  appearance  of  a 
continuous  bright  circle.    Irradiation  is  a  pre- 
cisely similar  action  of  the  retina  in  respect  of 
space.    Not  only  does  the  retina  not  lose  its  im- 
pression at  once,  but  no  part  of  it  can  be  affected, 
apparently,  without  its  immediate  neighbom- 
hood  being  affected  also.    Hence,  objects  appear 
to  the  eye  slightly  larger  than  they  reaUy  are ; 
and  when  the  objects  are  thin— such  as  Saturn's 
Ring  seen  on  edge,  the  effect  of  tliis  Irradiation 
IS  so  great,  that  it  becomes  impossible  to  execute 
accurate  measurements  of  them.    The  laws  of 
this  special  optical  illusion— for  such  it  is— have 
been  inve.stigated  with  great  acuteness  by  M. 
Plateau,  who  has  thrown  so  much  theoretical  and 
experimental  light  on  the  cognate  plienomona  of 
persistance  of  impressions.    The  following  are 
the  conclusions  of  his  very  remarkable  memoirs. 
For  the  sake  of  distinctness,  and  because  of  their 
eminent  practical  value,  wo  give  them  in  the 
form  of  separate  and  substantive  propositions. 
They  express  the  whole  phenomena  of  Irradia- 
tion, as  it  affects  simple  vision,  or  vision  aided  by 
Telescopes. 

I.  As  to  simple  Vision.— (_!.)  Irradiation  is 
a  fact  thoroughly  established,  easily  confirmed 
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very  variable,  but  capable  of  being  measured 
with  precision,  under  every  circumstance. — (2.) 
It  occurs,  whatever  the  distance  of  the  object  at 
which  we  look;  and  its  amount,  or  the  visual 
aii'jle  which  it  subtends,  is  independent  of  that 
distance.  Hence,  the  absolute  breadth  that  we 
ought  to  attribute  to  it,  is — all  things  else  being 
equal — proportional  to  the  distance  which  exists, 
or  seems  to  exist,  between  the  object  and  the  eye. 
— (3.)  Irradiation  increases  with  the  brightness 
of  the  object,  but  not  proportionally.  If  the  law 
of  its  increase  were  represented  b}'  a  curve,  whose 
abscissa!  represent  increasing  brightnesses,  begin- 
ning at  darkness  or  zero,  and  having  for  its  ortft- 
nates  the  corresponding  amount  of  Irradiation, — 
this  curve  would  pass  through  the  oi-igin  of  the 
co-ordinates ;  have  its  concavity  towards  the  axis 
of  the  abscissai,  and  finally  pass  into  an  asymjitote 
parallel  to  that  axis.  For  a  brightness  equiva- 
lent to  that  of  stars  in  a  clear  northern  sky,  the 
curve  would  be  found  very  close  to  its  asymptote. 
— (4.)  When  the  space  surrounding  the  object 
looked  at,  is  not  wholly  dark,  the  irradiation  be- 
longing to  the  object  is  diminished;  and  when 
the  illumination  of  the  field  of  view  approaches 
equality  with  the  brightness  of  the  object,  the 
illusion  attributable  to  Irradiation  altogether 
vanishes.  Hence  two  important  practical  conse- 
quences. When  two  objects  of  equal  brightness 
touch,  or  can  be  made  to  appear  to  touch,  irradia- 
tion is  at  zero,  at  their  point  of  contact.  And 
any  two  irradiations,  occurring  in  neighbourhood 
diminish  each  other, — the  diminution  being  the 
greater,  in  pi-oportion  as  the  edges  of  the  lumin- 
ous spaces  are  nearer  each  other. — (5.)  Irradia- 
tion augments,  the  longer  we  contemplate  the 
object ;  but  as  it  depends  very  much  on  the  state 
of  the  eye,  or  the  impressibilitj'  of  the  retina,  it 
varies  considerably,  even  in  the  same  individual, 
from  day  to  day.— (6.)  Irradiation  is  greatly 
modified  when  a  lens  is  placed  before  the  eye :  — 
it  is  diminished  by  converging  lenses,  and  aug- 
mented by  divergent  lenses.  This  action  of 
lenses,  seems  to  depend  solelj'  on  their  focal  dis- 
tances— not  on  their  diameters  or  apparent  curva- 
ture. The  shorter  the  focal  distance,  the  more 
distinct  and  decisive  it  is.  The  theoretical  diffi- 
culty of  the  subject  really  lies  in  this  action  of 
lenses.  What  M.  Plateau  has  established  on  the 
subject,  is  now  to  be  exi)lained: — 

II.  Irradiation,  as  affecting  Vision  through 
Telescopes.— (I.)  The  error  produced  in  Astrono- 
mical observations,  flowing  out  of  what  is  called 
Irradiation,  springs  from  two  causes  essentially 
distinct;  viz.,  the  ordinary  ocular  irradiation  just 
described,  and  the  aherraiion  of  the  Instrument. 
— (2.)  The  part  of  the  total  error  due  to  irradia- 
tion properly  so  called,  depends  on  the  magnifying 
power  of  tlie  eye-piece,  the  brightness  of  the 
image,  and  the  nature  of  the  eye  of  the  observer. 
It  is  greatly  diminished  by  the  action  of  the  eye- 
piece, and  that  in  proportion  to  its  magnifying 
power,  or  to  its  convcrgcncy  as  a  lens.    But  it 
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will  vary,  of  cour.^e,  uith  the  state  of  the  ob- 
server's eye.  It  is  also  clear,  that  this  portion  of 
the  total  error  must  disappear  when  a  double 
image  Micrometer  is  made  use  of:  it  must,  like- 
wise, affect  only  slightly,  observations  with  the 
Ileliometer. — (3.)  The  other  portion  of  the  total 
error,  that,  viz.,  which  originates  in  aberration  of 
the  Telescope,  necessarily  varies  with  the  Instru- 
ment used,  but  must  be  constant  for  the  same 
Telescope.  One  part  of  the  error  is  thus  con- 
stant, while  the  other  varies  with  circumstances, 
and  with  the  observer.  Nevertheless,  it  is  mani- 
festly possible,  even  in  the  case  of  an  imperfect 
instrument,  and  an  eye  very  sensitive  to  irradia- 
tion, to  obtain  means  of  freeing  observations  from 
the  effect  of  this  peculiar  error. 

Isobarouielrici  The  term  itself  indicates, 
equal  barometric  pressure.  It  is  employed  by 
Kaemtz  to  denote  lines  on  the  surface  of  the 
globe,  connecting  places  that  present  the  same  mean 
diflference  between  the  monthly  extremes  of  the 
Barometer : — Lines,  or  rather  curves,  whose  geo- 
graphical position  and  inflections  yield  important 
conclusions  regarding  the  influence  exercised  by 
the  form  of  the  land  and  the  distribution  of  the 
seas,  on  the  oscillations  of  the  atmosphere,  Hin- 
dostan  with  its  high  mountain-chains  and  tri- 
angular penmsulas,  and  the  eastern  coasts  of  the 
New  Contiuent,  where  the  warm  gulf  stream 
turns  to  the  east  at  the  Newfoundland  banks, 
exhibit  greater  isobarometric  oscillations  than  the 
group  of  the  Antilles  and  Western  Europe.  The 
prevailing  winds  exercise  a  principal  influence 
on  the  diminution  of  the  pressure  of  the  atmo- 
sphere ;  and  this  is  accompanied  by  an  elevation 
of  the  mean  level  of  the  sea. 

Isochimenal.  A  term  applied  to  lines  con- 
necting places  on  the  surface  of  the  globe,  at 
which  there  is  an  equal  mean  heat  during  winter. 

See  ISOTHERMALS. 

Isochronous.  Vibrating  or  oscillatory 
movements  performed  in  equal  times  are  called 
isochronous;  and  the  same  isochronism  belongs  to 
that  very  remarkable  property  by  which  all  sys- 
tems that  are  in  equilibrium,  when  disturbed  by 
moderate  but  different  forces,  from  that  position, 
vibrate  with  oscillations  performed  in  what  is 
sensibly  the  same  time.  A  demonstration  of  the 
general  property  cannot  be  well  given  here.  Il 
is  to  be  found"  in  the  Mecanique  Analytique 
Lagrange,  and  deiionds  on  the  processes  of  th| 
higher  calculus.  The  most  ordinarj'  and  be8| 
known  instance  of  the  projierty  is  in  the  motii 
of  the  pendulum,  wWch  being  set  a-going  eithi 
with  a  verv  great  or  a  very  slight  velocity,  wiU* 
beat  seconds  quite  regularly  if  of  the  proper  length*'. 
Another  excellent  instance  is  detected  in  this,' 
—  when  a  note  of  a  pianoforte  is  stnick  sliari>ly  f 
or  gently,  the  finest  ear  cannot  discern  any  dif-  : 
ference  in  the  pitch.  That  depends  on  the  time 
of  the  vibrations  exerted,  and  they,  therefore,  are 
isochronous  in  the  two  cases,  although  the  dis- 
turbance  in  the  one  case  may  be  more  than  l 
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twenty  times  that  in  the  other. — If  there  be  iso- 
chronism — that  is,  if  the  larger  space  through 
which  the  disturbed  body  moves,  be  traversed  in 
the  same  time  as  the  smaller,  it  will  be  needful 
that  the  force  in  the  first  case  have  been  greater 
than  in  the  second,  and  not  only  so,  but  that  it 
have  borne  the  same  ratio  to  the  second  that  the 
[i  first  space  did  to  the  second.  It  is  not  difficult 
tito  prove  that,  for  small  distances  of  equilibrium, 
Itthis  is  sensibly  the  case;  and  it  follows,  therefore, 
ttthat  the  vibratory  motions — before  restitution 
tcto  the  original  place  is  completed — must  be 
insochronous. 

Isoclinal:  signlfj'ing  equal  inclination.  A 
Irterm  applied  to  lines  traced  over  the  sirrface  of 
Mour  globe,  connecting  places  at  which  a  free  and 
i^wrfectly  balanced  Needle  has,  when  magnetized, 
tthe  same  inclination  or  dip.    See  Magnetism 

rXEREESTEIAL. 

Isodjiiamic :  signifying  equal  force.  A 
(term  applied  to  lines  connecting  places  on  the 
inrface  of  our  globe,  at  which  the  total  magnetic 
(power  of  the  Earth  is  the  same.  See  Magnetism 
TTereestkial. 

Isogeotlicnnal.  A  term  applied  to  a  set  of 
iilines,  or  rather  curve-surfaces,  within  the  Earth, 
apposed  to  connect  surfaces  equally  affected  by 
hthe  internal  or  proper  heat  of  our  globe.  Such 
inrfaces  are  assuredly  not  yet  determined.  They 
rare  supposed  to  be  indicated  partly  by  the  depths 
*)f  hot  springs,  partly  by  very  ambiguous  theore- 
idcal  considerations. 

Isogonic.  A  term  signifying  equal  angles. 
t[t  is  applied  to  those  lines  traced  over  the  surface 
the  globe  which  connect  places  at  which  the 
deviations  of  the  magnet,  from  the  meridian  or 
true  north,  are  equal.  The  course  of  these  curves 
rarer  our  globe  is  extremely  simple  and  interest- 
ing, as  well  as  the  history  of  their  changes. 
AEverj'  one  of  them,  as  Humboldt  observes,  has  a 
History.  The  student  is  refered  to  Magnetism 
iTekrestrial. 

Isomcirical  Projection.  A  species  of 
mrqjection  on  a  single  plane,  whose  fundamental 
•ondition  is  the  following:— If  three  equal  lines 
ie  parallel  respectively  to  three  rectangular  axes, 
■^6  single  plane  must  be  so  chosen  that  their 
T(^ections  on  it  be  also  equal.  It  is  a  mode  of 
irqjection  most  valuable  in  the  arts.    See  Pro- 

I'BCnON. 

1^  Isoperimetcriii.    A  branch  of  the  Higher 
geometry,  treating  of  surfaces  having  equal 
««nmeters,  and  of  solids  bounded  by  equal  sur- 
■ces.^   The  curious  problems  suggested  by  it 
tributed  more  perhaps  than  any  other  cir- 
imstance  to  originate  the  Calculus  of  Variations. 
Mothcrnl.    A  term  applied  to  lines  connect- 
tng  places  on  the  surface  of  the  globe,  at  which 
'mere  is  an  equal  mean  summer  heat.    See  Iso- 

ifHERMALS. 

I  Isothcrmal^i  or  Isothermal  Linen.  Nearly 
?ny  years  have  elapsed  since  the  illustrious  and 
»ow  veteran  Humboldt  published  in  the  jl/e- 
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moires  de  la  Societe  d'ArcHeil,  his  famous  disser- 
tation on  Isothermal  Lines,  and  the  distribution 
of  heat  over  the  surface  of  the  Globe.  Uniting, 
bylines,  the  points- of  equal  annual  mean  tem- 
perature, on  the  east  coast  of  America  and  the 
western  coast  of  Europe,  he  prolonged  these 
through  the  interior  of  the  two  continents  as 
far  as  the  state  of  observation  at  that  epoch 
permitted  him.    Much  has  been  done  since  the 
date  of  Humboldt's  Memoirs,  to  enable  the 
physicist  to  carrj'  out  this  master-idea.  The 
temperature  of  the  polar  regions  has  been  deter- 
mined ;  every  ocean  has  been  traversed  by  skilful 
navigators,  and  its  relations  to  heat  at  the  differ- 
ent seasons  carefully  scrutinized  ;  and  in  the  in- 
terior of  the  continents,  meteorological  Observa- 
tories, furnished  with  choice  instruments,  have  been 
planted  in  abundance.    The  general  map  of  the 
annual  Isothermals,  now  presented  to  the  reader, 
is  the  result  of  all  these  various  investigations,  as 
collected  and  methodized  by  Kaemtz,  Berghaus, 
and  Dove.    On  the  left  hand  side,  the  degrees 
are  marked  according  to  the  Centigrade  scale,  and 
on  the  right  are  the  corresponding  degrees,  in  the 
scale  of  Fahrenheit.    It  must  be  observed  too, 
that  the  influence  of  altitude  is  eliminated  from 
all  these  mean  temperatures  by  aid  of  the  well 
known  law,  which  expresses  the  amount  of  that 
influence  in  any  given  latitude  ;  so  that  the  globe 
of  which  we  are  supposed  to  be  treating,  is  not 
our  irregular  globe,  but  one  with  an  even  surface 
enveloping  ours,  at  the  mean  level  of  the  sea.  The 
most  cursory  glance  at  this  map  cannot  fail  to 
impress  one  with  a  sense  of  its  great  impor- 
tance, and  of  the  profound  interest  that  in  evei-y 
respect  attaches  to  it.    Speaking  generally,  the 
temperature  diminishes   as   one  passes  from 
equator  towards  either  pole  ;  but  how  utterly  in- 
dependent withal,  is  any  of  these  lines  of  mean 
temperature,  of  the  mere  parallel  of  latitude ! 
No  wonder,  that  the  early  American  colonists 
were  so  cnielly  disappointed  with  the  new  climate 
into  which  they  had  adventured.    Albany,  in 
the  State  of  New  York,  is  of  the  latitude  of 
Rome  ;  and  yet,  the  Hudson  which  flows  past  it, 
is  often  frozen  over  for  nearly  ninety  days  in  the 
course  of  a  year !    Loolc,  also,  at  the  North  of 
Europe,  and  the  South  of  Asia,  the  town  of 
lakoutzk  has  the  same  latitude  as  the  Faroe 
Islands,  while  the  difference  of  their  temperatures 
amounts  to  31°  of  Fahrenheit.  What  is  the  cause, 
then,  of  these  remarkable  anomalies?    How  does 
the  distribution  of  land  and  water  influence  them? 
What  is  the  influence  of  ocean  currents  ?  What, 
of  the  prevailing  winds  ?  &c.,  &c.    Problems  of 
highest  interest  in  physics :  but,  before  attempting 
to  resolve  them,  let  us  attend  to  another  all-im- 
portant consideration — The  moan  annual  temper- 
ature of  a  place  is  only  the  rudest  element  of  its 
climate.    The  effects  of  climate  are  mainly  felt 
through  the  changes  that  occur  during  the  year. 
Now,  if,' according  to  the  happy  conception  so  well 
wrought  out  by  M.  Dove,  we  lay  down  maps  of 
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montlily  Isothertnals,  we  shall  find  that,  although 
as  the  heat  increases  in  either  hemisphere,  these  lines 
have  a  direct  and  well  pronounced  motion  towards 
the  respective  poles,  they  do  not  retain  any  approach 
to  parallelism  to  the  line  of  the  annual  mean. 
On  the  contrary,  they  entirely  change  their  form, 
some  portions  of  them  pushing  onwards  with  re- 
markable velocity,  and  many  new  sinuosities 
appearing.  Maps  2  and  3,  oifer  to  the  eye  of  the 
reader,  M.  Dove's  determination  of  the  isother- 
mals  of  January  and  July  ;  and  a  glance  at  the 
curves  into  which  they  are  thrown,  will  suffice  to 
bear  out  our  assertion.  Observe,  for  instance, 
the  isothermals  of  July.  In  this  month  their 
modifications  attain  their  maximum.  In  the 
long  space  passed  over  hy  the  line  of  30°  Cent,, 
or  of  86°  Fahr.,  a  sinuosity  is  developed,  within 
which  the  temperature  rises  to  32-5  Cent, 
or  90'5  Fahr.  This  comprehends  Nubia  and 
the  south  of  Arabia,  —  "  countries  of  which  it 
is  said  by  Hagi  Ismael,  that  the  earth  is  of 
fire,  and  the  wind  a  flame."  Is  it  astonish- 
ing, under  such  circumstances,  if  the  trade 
wind  of  the  south-east — there  called  the  mon- 
soon of  the  south-west — drives  back  the  trade 
wind  of  the  north-east,  even  to  the  feet  of  the 
Ilimalaj'a ;  if  elevated  temperatures  are  found 
even  in  the  north  of  the  Asiatic  continent ;  or  if 
near  Baganida,  trees  are  found  in  the  72°  of 
latitude,  although  the  earth  remains  frozen  a  few 
feet  beneath  the  surface  ?  In  the  interior  of  the 
continent,  the  curves  become  convex  towards  the 
north, — Scotland  and  Ireland  possess  a  marine 
climate,  just  as  Labrador,  Canada,  Australia  on 
the  south  and  north,  the  coast  of  California,  and 
on  as  far  as  the  embouchure  of  the  river  Mac- 
kenzie. The  centre  of  heat  in  the  Gulf  of  Mexico 
presents  by  no  means  so  high  temperatures  as 
Africa  or  India.  At  Maracaibo,  it  reaches  30° 
Cent.,  or  86°  Fahr.  The  thermic  equator  there  is 
only  slightly  bent  towards  the  north,  whereas,  in 
the  Eastern  continent,  it  reaches  in  some  places 
even  the  tropic  of  Cancer.  In  the  polar  regions — the 
entrance  to  the  Icy  Sea — the  Straits  of  Lancaster 
and  Behring — transform  the  isothermals  near 
the  poles  almost  into  triangles.  In  the  north  of 
America,  these  lines  are  driven  downward  both 
east  and  west.  In  Europe  and  Asia,  their  con- 
vexities are  transformed  into  concavities,  and  for 
tiie  most  part  their  directions  are  perpendicular 
to  what  they  were  in  January.  In  the  southern 
hemisphere,  few  of  these  irregularities  appear. 
The  lines  are  quite  near  each  other,  and  almost 
straight  between  1°  and  15°  S.  latitude.  Com- 
paring the  map  of  July  with  that  of  January,  and 
glancing  also  at  Dove''s  maps  of  the  other  months 
not  given  here,  we  may  in  general  terms  sum  up 
the  changes  which  the'lsothermals  undergo  in  the 
course  of  the  year,  as  follows  In  Asia,  Uiese 
lines  present  the  largest  disijlacements  in  a 
northerly  and  southerly  direction.  Their  sum- 
mits, convex  towards  tlie  pole  in  summer,  become 
concave  in  winter. — 2.  In  Europe,  the  isother- 
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mals  present  the  most  complex  contortions  

3.  In  America,  the  concave  summits  pointing  to- 
wards the  poles,  shift,  between  winter  and  sum- 
mer, from  the  interior  of  the  continent  towards  the 
Eastern  coasts,  and  they  resume  their  previous 
place  towards  the  end  of  summer  or  autumn. — 

4.  Europe  has  no  extreme  seasons. —  5.  Asiahas 
cold  winters  and  hot  summers ;  America  rigorous 
winters,  a  cold  spring,  a  European  summer, 
but  a  much  more  beautiful  autumn — If  primary 
causes  were  alone  taken  into  account,  the  ex- 
tremes of  heat  and  cold  ought  to  be  found  in  the 
middle  of  the  continents  and  oceans  respectively. 
It  is  not  so.  Sundry  causes  of  great  importance 
must  therefore  modify  the  action  of  the  primary 
ones.  What  these  are,  will  in  so  far  appear  from 
the  remainder  of  this  paper. — The  mode  in  which 
M.  Dove  determined  these  monthly  means,  and  so 
felt  authorized  to  construct  his  maps,  is  explained 
under  Temperature. 

(1.)  The  Temperature  of  the  Pole,  and  o/  the 
Terrestrial  Globe  and  its  two  Hemispheres. — Be- 
fore proceeding  to  take  account  of  the  secondary 
causes  above  alluded  to,  let  us  attempt  to  form  a 
notion  of  the  general  distribution  of  temperature 
over  the  globe.  In  the  map  of  January,  aa 
indeed  in  the  others  also,  it  will  be  seen  that  the 
fiercest  colds  rage  in  the  north  of  Asia  and 
America.  If  a  polar  projection  were  made  of 
these  regions  for  the  month  of  January,  it  would 
be  found  that  the  two  coldest  spaces  of  these  con- 
tinents form  a  continuous  band  passing  across 
the  pole  of  the  Earth.  But  the  lines  occupying 
these  regions  of  the  extreme  north  are  so  twisted 
and  strange,  that  no  formula,  of  a  manageable 
nature,  capable  of  expressing  them,  need  hopefully 
be  looked  for : — happily  in  determining  the  tem- 
perature of  an  entire  hemisphere,  the  condition 
of  the  other  regions  is  of  much  more  importance. 
Let  us  rather  start  from  the  torrid  zone.  In  this 
zone,  the  fomiula  which  best  expresses,  in  Centi- 
grade degrees,  the  decrease  of  temperature  in 
January  as  we  pass  from  0°  to  30°  N.  lat.,  iu 
the  Eastern  Hemisphere,  is 

/  =  26-21  cos.  2  X. 
where  x  is  the  latitude  and     the  temperature 
corresponding  to  it   In  the  Western  Hemisphere 
between  0°  and  40°,  the  approximate  represen- 
tative formula  is 

=  27-75  COS.  (2  a;— 7°). 

No  formula  can  be  found  that  will  embrace  all 
degrees  of  latitude;  and  between  30°  and  40° 
the  errors  of  the  foregoing  are  sufliciently  palpable. 
The  reason  is  simple.  It  is  between  these  par- 
allels that  the  Gulf  Stream  leaves  the  coast  of 
America  and  makes  for  the  Azores,  and  that  in 
Asia  we  meet  with  the  plateau  which  rises  from 
the  plains  of  the  Ganges.  Hence  perturbations 
in  tiie  law  of  the  decrease.  The  formula  which 
best  represents  the  case  for  all  parallels  is 

<^  =  —  30  63  -f  56-88  cos.  'x } 
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J,  for  low  latitudes,  the  nearest  fonnula  is 
t  =  —  30-0  -)-  56-25  COS.  'x. 

cording  to  tliis  the  temperature  of  the  pole,  or 
len  X  —  90° — woidd  be 

=  _  30°-6  Cent.  =  —  23°-l  Fahr. 

ir  the  Eastern  Hemisphere,  south  of  the  Equa- 
r,  and  as  far  as  40°  S.  lat.,  the  following  formula 
approximative : — 

t^  =  —  6-25  -j-  32-75  cos.2  (a;  —  5°). 

(-ive,  by  applying  these  formula),  which  he  con- 
lei-s.  with  all  their  errors,  preferable  to  the  usual 
:  tliod,  obtained  the  following  results:^ 

Jakc ART, —Northern  Hemisphere  49°-3  Fahr, 
Southern       „  59"  5 


Entire  Globe,  54°-4  Fahr. 

Jolt,— Northern  Hemisphere,  70°-88  Fahr. 
Southern        „  53-6 


Entire  Globe,  Gi^-ii  Fahr. 

jlThe  temperature  of  the  Earth  thus  diminishes 
lOut  8°  Fahr.  or  4° -5  Cent,  from  January  to 
iy.  If  the  mean  temperature  of  the  Earth  be 
cen  as  the  mean  of  the  temperature  of  these  two 
treme  months,  it  is  14°-5  Cent.,  or  G0°-1  Fahr.; 
Ithe  Southern  13°-6  Cent.,  or  o8°-32  Fahr.  For 
13  Northern  Hemisphere  it  is  15°-5  Cent.,  or  56°-5 
bhr.  The  difference  of  the  temperature  of  the 
lispheres  and  of  the  variations  indicated  above 
rreferable  to  the  great  primary  cause— their 
nolly  different  relations  'to  land  and  water, 
tit  how  many  other  complications  are  involved 
1  these  differences?  To  how  many  modifica- 
is  in  the  general  system  of  winds  must  they 
e  rise,— how  greatly  must  they  affect  the  dis- 
bbution  and  well-being  of  animal  and  vegetable 

Tlie  Influence  of  Oceanic  Currents  on  the 
Uthermals. — The  calorific  influence  of  an  oceanic 
■ent  necessarily  depends  on  the  difference  of 
it  existing  between  the  coasts  it  leaves  and 
•se  at  -which  it  arrives.  The  great  Equatorial 
irent  from  East  to  West,  has  no  perturbing 
idon  whatever :  influence  of  this  sort  can  be  ex- 
ted  only  from  those  which  flow  from  Equator  to 
We,  and  vice  versa.  Of  these,  the  two  chief  ones 
I  the  Gulf  Stream,  carrj'ing  Equatorial  heats 
vthward  in  the  Atlantic,  and  the  current  on  the 
Wuvian  coast,  discovered  by  Humboldt  in  1802, 
rich  sweeps  towards  the  Equator  the  cold 
.era  of  the  Antan^tic  Ocean.  Both  of  these 
It  the  Isothermal  lines,  and  in  the  same  direc- 
a ;  giving  them  sinuosities  that  push  north- 
rds.  It  is  in  the  southern  atmosphere  -where 
t  southern  ices  melt  in  greatest  quantitv,  that 
« influence  of  the  Peruvian  current  is  mainly 
;  but  the  mass  of  waters  moving  northwards 
io  large,  that  there  are  only  slight  traces  of 
-erences  ojving  to  the  seasons.  The  nortliern 
t  ot  the  P.acific  Ocean  and  the  southern  half 
•<the.  Atlantic  present  phenomena  strikingh- 
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analogous  to  the  great  Antarctic  current.   In  the 
southern  Atlantic  a  current  arising  at  the  Cape 
of  Good  Hope,  moves  along  the  African  coast 
towards  the  Equator,  then  it  traverses  that  ocean 
from  east  to  west,  following  the   confines  of 
Brazil  from  Cape  St,  Eoque,  and  flowing  from 
north-east  to  south-west.   In  the  North  Atlantic 
also,  there  is  a  current  running  opposite  to  the 
Gulf  Stream  from  Greenland  and  Hudson's  Bay, 
but  this  latter  acts  chiefly  in  spring.     This  is 
joined  by  another,  whose  origin  apparently  lies  in 
the  melting  of  masses  of  ice  carried  to  the  north 
of  Siberia  by  the  unbound  rivers  of  that  ten-ible 
region,  and  which  gives  rise  in  the  first  place  to 
what  Eennel  called  the  Stream  Current.  This 
divides  into  two  currents,  one  of  which  flows 
west  to  Spitzbergen,  which  turns  it  to  the  south 
in  the  direction  of  Greenland ;  it  passes  between 
Greenland  and  Iceland  as  far  as  Cape  Farewell. 
At  that  Cape  it  meets  the  former  current, — the 
one  %vhich  penetrates  from  the  Icj'  Sea  into  Baf- 
fin's Bay,  through  the  Strait  of  the  Fziri/  and 
ffecla — issuing  through  Davis'  Straits.  Thus 
we  find  on  the  banks  of  Newfoundland  icebergs 
brought  down  by  these  two  currents ;  but  these 
rapidly  melt  on  meeting  the  waters  of  the  Gulf 
Stream — From  these  facts  it  results  that  the  Iso- 
thei-mal  Lines  which  always  push  forward  towards 
the  pole  in  proportion  as  the  declination  of  the 
sun  increases,  are  stopped  in  their  advance  along 
the  eastern  coast  of  America.     The  concave 
summits  of  December  and  January  shrink  back  in 
the  centre  of  America ;  and,  after  June,  they  are 
displaced  towards  the  eastern  coast.    The  north 
of  America, — especially  the  neighbourhood  of 
Hudson's  and  Baffin's  Bays — is  the  counti-j'  of 
cold  springs.    There  vegetation  is  of  the  poorest, 
because  the  masses  of  ice  absorb,  in  melting,  the 
heat  which  should  cherish  the  increase  and  multi- 
plication of  plants.    An  unhappy  conjunction  of 
circumstances  neutralizes  the  beneficent  influence 
of  the  sun.     For  instance,  the  missionai-ies  at 
Okak  inform  us  that  on  1st  May,  1837,  their 
garden  was  covered  -with  snow  to  the  depth  of 
from  five  to  eight  yards,  and  in  August  it  snowed 
anew !    These  few  examples  may  suffice  to  show 
the  influence  of  Oceanic  Currents  in  impressing 
irregularity  on  the  American  Isothormals. 

(3.)  hifluence  of  Aerial  Currents  or  Winds  on 
the  Isothermals. — It  will  be  noticed  that  the  in- 
fluence of  the  Oceanic  currents,  as  traced  in  last 
section,  is  mainly  visible  in  the  Western  Hemi- 
sphere,— a  fact  naturally  issuing  from  the  narrow 
and  elongated  character  of  the  new  continent. 
The  eastern  half  of  the  globe  has  a  totally  dif- 
ferent configuration.  It  cannot  from  its  verv 
nature  be  much  influenced  by  the  waters  that 
wash  its  coasts ;  and  it  is  here  accordingly  that 
we  trace  mainly  the  agency  of  Winds  in  modi- 
fying temperature. — The  plateaux  and  chains  of 
mountains  in  tlie  Eastern  continent,  lying  for  the 
most  part  from  East  to  West,  are  on  that  account 
barriers  against  the  winds  that  chiefly  inlluence 
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temperature,  viz.,  the  Nortliei-ly  and  Southerly 
streams.  The  central  plateau  of  Asia,  acting  in 
tiiis  manner,  prevents  the  hot  winds  of  India 
from  penetrating  into  Siberia,  and  the  cool  winds 
of  the  North  from  refreshing  during  summer  the 
burning  plains  watered  by  the  Ganges :  hence 
the  terrible  winters  of  Siberia,  and  scorching 
summers  of  India.  These  latter,  indeed,  do  to 
some  extent  influence  the  summers  of  Siberia, 
which  in  some  places  are  very  wann. — Why, 
however,  do  the  isothermals,  with  concavities 
towards  the  pole,  fall  in  winter  near  to  its  eastern 
coast,  and  not  in  the  centre  of  the  Asiatic  conti- 
nent? In  other  words,  why  has  Europe — the 
western  side  of  the  old  World — so  high  a  tem- 
perature in  winter?  The  temperature  of  the 
winter  in  our  latitudes  is  so  dependent  on  the 
direction  of  the  winds,  that  the  cause  of  the 
phenomenon  in  question  must  be  sought  for  there 
alone.  The  predominance  of  moist  and  hot,  over 
dry  and  cold  winds,  is  the  cause  of  the  mildness 
of  the  European  winters.  Two  propositions  estab- 
lish this: — First,  Nowhere  are  moist  and  hotwinds 
so  predominant;  and,  secondly,  Nowhere,  even 
when  they  prevail,  do  thej-  raise  the  temperature  so 
much  as  they  do  in  Europe.  This  subject  cannot 
be  understood  without  regard  to  the  changes  im- 
pressed on  aerial  currents  by  the  rotation  of  the 
Earth.  The  air  which  rises  at  the  Equator  is 
animated  by  a  rotation  much  more  rapid  than 
that  of  higher  latitudes,  hence  a  change  in  its 
direction  as  it  flows  northwards  or  southwards 
towards  the  temperate  zones.  In  our  Northern 
zone,  the  south  winds  gradually  verge  towards 
west  winds,  and  north  winds  towards  the  east. 
The  air,  therefore,  that  rises  in  Africa,  blows 
rather  over  Asia  than  over  Europe.  The  cradle 
of  our  winds  is  not  in  Sahara,  but  in  America. 
Now,  the  air  which  rises  under  the  tropics,  and 
descends  to  the  Earth's  surface  in  higher  lati- 
tudes, warms  them  chiefly  by  getting  rid  of  the 
latent  heat  that  retained  its  moisture  in  the  state 
of  vapour.  Europe  is  thus  the  condenser  of  the 
Caribbean  Sea.  The  Andes  and  the  rocky  moim- 
tains  arresting  the  snow,  all  the  vapours  of  the 
Pacific  Ocean  precipitate  themselves  in  the  narrow 
slip  of  land  on  the  west  of  these  chains.  Hence 
the  vast  diiference  of  the  influence  of  these  appa- 
rently corresponding  winds  in  Europe  and  the 
greater  part  of  the  continent  of  America, — that, 
viz.,  lying  to  the  east  of  its  central  chains  of 
mountains. 

(4.)  Cavses  of  the  intense  Cold  of  Nortliem 
America.  —  Besides  the  general  phenomena,  al- 
ready partially  explained,  there  starts  up  the 
problem  as  to  tlie  fearful  rigour  of  the  winters  in 
the  northern  portions  of  North  America.  Why 
are  immense  rivers  annually  frozen  in  a  continent 
whose  coasts  arc  washed  by  the  Gulf  Stream  ? 
Why  have  the  United  States— narrow  as  that 
continent  is,  and,  of  course,  with  every  point  in 
it  near  the  sea — a  continental  climate  in  wnter, 
and  a  marine  climate  in  summer? — The  great 
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lakes  of  the  St.  Lawrence  cover  a  space  of  94,000 
square  miles,  and  other  lakes  besides,  form  a  con- 
tinuous chain  between  Hudson's  Bay  and  the 
Rocky  Mountains,  as  far  as  the  Arctic  Sea.  In 
these  masses  of  fresh  water,  the  cooled  layer  at 
the  surface  always  descends,  and  the  lowering  of 
temperature  through  eflfect  of  evaporation  takes 
place  exactly  as  in  the  sea ;  but,  in  the  sea,  the 
cold  water  on  reaching  the  bottom  flows  towardt 
warmer  regions ;  while  no  such  current,  remo\-ing 
the  cold  layer,  can  take  place  in  enclosed  lakes. 
Fresh  water  also  has  its  maximum  density  at 
39°"2  Fahr.,  while  the  sea  freezes  less  easily  on 
account  of  the  tides  that  agitate  it.  The  Northern 
regions  of  America,  with  its  frozen  lakes,  is,  there- 
fore, a  continental  mass  during  winter ;  while,  in 
summer,  its  surface  is  divided  between  land  and 
water.  Hence  the  contrast.  If  it  is  asked,  further, 
why  the  lakes  freeze  so  soon,  why  the  Hudson, 
under  the  latitude  of  Rome,  is  bound  up  from 
the  15th  of  December?  the  reply  is,  that  in 
Europe  south-west  winds  dominate  in  winter,  and 
are  replaced  in  spring  and  summer  by  northerly 
ones;  while  in  America  the  mean  direction  is 
north-west  in  winter,  and  south-west  in  summer. 

(5.)  Causes  of  the  predominance  of  Southerly 
Winds  in  Europe. — It  is  well  known  that  there 
are  two  grand  opposing  aerial  currents  in  our 
Atmosphere — one  from  Equator  to  Pole,  and  the 
other  f^-om  Pole  to  Equator.  These,  modified  in 
direction  by  the  rotation  of  the  Earth,  originate 
our  main  winds.  See  Winds.  But  the  air 
which  returns  from  Pole  to  Equator  is  the  same 
as  that  which  flows  from  Equator  to  Pole,  only 
it  has  lost  its  vapour,  and  is  much  colder,  and 
therefore  occupies  a  greatlj'  diminished  voluma 
These  counter  currents  often  change  their  beds; 
but  any  point  of  Europe  will  be  found  much 
more  frequently  within  the  course  of  the  large 
equatorial  current,  than  in  that  of  the  comjiara- 
tively  narrow  polar  one.  Hence  the  predomi- 
nance of  southerly  over  northerly  winds  To 

establish  the  relative  frequency  of  these  currents 
and  their  reciprocal  influence  in  the  course  of  the 
year,  is  now  one  of  the  most  urgent  necessities  of 
meteorology.  Dove's  maps  of  the  monthlj-  iso- 
thermals is  a  most  important  contribution  towards 
that  end. — Other  and  more  special  causes  act  also 
upon  Europe.  The  high  summer  temperature  of  the 
Asiatic  continent,  gives  rise  to  a  powerful  special 
ascending  cuiTcnt,  which  diminishes  the  atmo- 
spheric pressure  over  it,  and  tliereby  makes  tliat 
current  a  sort  of  centre  of  attraction  to  all  neigh- 
bouring masses  of  air.  Then  the  south-east  trade 
\Wnd  is  driven  back  and  becomes  the  south-west 
monsoon.  The  nortli-west,  as  far  as  the  Himabjn 
and  Europe,  are,  through  the  same  action,  visited 
by  cold  north-west  winds  that  cool  so  disagree- 
ably tlie  atmosphere  in  summer.  At  the  samfl 
time  cast  winds  prevail  on  tlio  East  coast  of  Asia,, 
north  winds  on  the  coasts  of  tlie  Frozen  Ocean, 
and  the  mass  of  air  that  rises  from  Asia,  floiw, 
away  laterally  and  accum')lates  over  the  convex 
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unimits  of  the  Isothermals.  This  is  the  fact  in- 
ii-ated  by  the  curve  of  Barometrical  pressure  of 
■  dry  air  at  Sitcka,  where  the  maximum  is  in 
immer ;  while  in  countries,  with  cold  spring 
raes  (the  arctic  region  of  North  America),  the 
laximum  of  pressure  taiies  place  at  that  season. — 
uch,  then,  is  sometliing  of  the  periodic  changes 
Kit  affect  tlie  isothermals,  and  whose  combination 


gives  rise  to  the  annual  curves.  The  student,  who 
is  curious  regarding  this  most  interesting  subject, 
is  refeiTed  to  the  original  memoirs  of  M.  Dovd, 
from  whose  immense  repertory  the  foregoing  paper 
is  abstracted. 

Isotropic  Solid.  An  Amorphous  Solid,  or 
one  in  which  the  action  of  the  Elastic  forces  is 
alike  in  all  directions.    See  Elasticity,  §  19. 


Jnno.  One  of  the  Asteroids  (q.v.)  discovered 
V  Professor  Harding  of  Gottmgen  in  1804. 
or  its  Elements,  see  Asteroids. 

Jupiter.    The  largest  and  most  superb  planet 

our  solar  system.  The  diameter  of  this  raag- 
ficent  orb,  is  92,164  miles,  that  of  the  earth 
■ing  only  7,926  miles.  Its  vohine  is  therefore 
491  times  that  of  the  earth;  but  as  its  density 
only  -227,  or  considerably  less  than  one-fourth 
e  density  of  the  earth,  its  mass  is  only  338-71 8 
mes  greater  than  the  mass  of  our  globe, 
ravity,  at  the  surface  of  Jupiter^  is  nearly  2^ 
nes  greater  than  the  same  force  at  the  eaVth's 
rface  ;  in  other  words,  while  with  us,  a  heavy 
dy  falls  through  16-1  feet  per  second,  the  same 
dy  would  fall,  in  the  same  time,  at  the  surface  of 
r  companion  planet  through  39  4  feet.  Jupiter's 
stance  from  the  Sun,  varies  on  account  of  the 
:entricity  of  its  orbit,  from  5 -453063,  to 
J51871, — the  distance  of  the  earth  being  unitv. 
le  mean  distance  is  5-202767.  The  period  of 
i  sidereal  revolution  is  4332  5848032  days, 
e  period  of  his  rotation  on  his  axis,  only  9  hours, 

minutes,  26  seconds  ;  so  that  it  is  not  won- 
•ful  that  this  planet  is  singularly  oblate  or 
ttened  at  the  poles.  The  compression  of  the 
rth  is  known  to  be  only  about  ^fgth  part  of  its 
latorial  diameter;  but  the  compression  of 
|)iter  is  as  much  as  J^th.— It  is,  of  course,  to 

expected  that  a  planet  so  majestic,  should, 
ough  the  influence  of  its  gravitation,  largely 
luence  the  other  orbs  of  this  system,  and  espe- 
Uy  those  in  its  immediate  neighbourhood, 
e  immense  spaces  separatmg  Jupiter  from  most 

liis  companion  planets,  diminish  in  so  far, 

influence  of  his  great  magnitude;  although 
luestionably,  that  influence  must  extend  to 
na  all.  One  of  the  most  interesting  of  his 
cts  in  this  way,  is  that  long  inequaliUj,  as  it 
echnically  termed,  which  exists  through  the 
tual  relations  of  this  phinet  and  Saturn.  If, 

every  revolution,  or  every  few  revolutions, 
[  two  planets  were  to  resume  their  original 
itions  and  distances  relative  to  each  other, 
ir  mutual  perturbations  would  recur,  or  go 
ough  their  rounds,  in  comparatively  brief  cycles, 
s,  however,  is  nowhere  the  case,  although,  in 
le  instances  there  is  an  approach  to  it.  In 

case  of  Jupiter  and  Saturn,  five  periods  or 
,  olutions  of  the  former  are  nearly  equal  to  two 
jmie  latter,— the  former  taking  place  in  21,663 


days,  and  the  latter  in  21,519  days.  The  pertur- 
bations in  the  main,  therefore,  recur  in  the  course 
of  very  nearly  60  years.    But  the  recurrence  is 
not  exact;  and  this  inexactitude  gives  rise  to  a 
superadded  or  supplementary  inequality  always 
modifying  the  perturbations  just  mentioned,  which 
also  runs  its  course.    The  difference  between 
the  two  foregoing  numbers  is  only  146  days; 
nevertheless,  in  that  time,  Jupiter  describes  12°, 
while  Saturn  describes  only  5° ;  so  that,  in- 
stead of  being  in  actual  conjunction,  they  are  7° 
apart.    The  question  is,  then,  seeing  that  they 
separate  thus  far  in  about  60  years,  how  long 
will  they  require  to  return  to  their  original  rela- 
tive position  ?    The  period  of  the  long  inequality 
is  determined  by  the  reply  to  this  question,  in 
conjunction  with  other  considerations  on  which 
we  cannot  now  enter.  Its  true  period  is  about 
918  years. — The  influence  of  this  great  planet  on 
Mars  will  be  referred  to  in  our  notice  of  Mars. 

(1).  Jupiter,  Physical  aspects  of.—  On  the  sur- 
fiice.of  Jupiter  are  several  transverse  bands  par- 
allel to  his  equator,  which  is  almost  parallel  to 
the  ecliptic;  and  darkish  spots  are  also  discoverable 
on  his  surface.    See  fig.  1.    Herschel  attributed 
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these  bands  to  atmospheric  currents  ."similar  to  our 
trade  ivinds,  only  much  more  marked,  as  a  . neces- 
sary consequence  of  tlie  great  swiftness  of  his 
rotation.  The  theory  of  the  spots  on  the  disc,  is, 
that  they  are  occasioned  by  clouds  flouting  in  his 
atmosphere;  and  the  mobility  of  sucli  clouds 
sulficiently  explains  the  slight  diU'ercuces  in  the 


JUP 

values  given  for  the  period  of  his  rotation!— Owing 
to  the  fact,  that  his  polar  axis  is  almost  perpen- 
dicular to  the  plane  of  his  orhit,  there  cannot  be 
any  appreciable  seasons  in  Jupiter,  and  of  course 
none  of  those  peculiar  changes  that  so  diversifj- 
and  beautify  the  existence  of  the  Earth. 

_  (2).  Jvpiter,  Satellites  of.— One  of  the  earliest 
discoveries  of  Galileo,  after  his  inestimable  in- 
vention of  the  telescope,  was  the  four  "  Medicean 
Stars,"  or  the  four  Satellites  of  Jupiter.  The 
following  table  exhibits  their  mean  distances 
from  the  centre  of  the  planet,  and  their  periods 
of  revolution.  It  will  be  seen  that  the  relations 
of  their  distances  and  periods  are  exactly  ex- 
pressed by  the  third  law  of  Kepler  :— 
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Me/in 
Distances. 

Duration 
of  tliu'ir 
Revulutiuns. 

C-05 

1  77 

■2d  Siirelhfe  

!J(i2 

3  55 

•Icj  SMrullite..._  

15  -U, 

7-15 

4tli  .Satullite   

27 -00 

The  subjoined  ligure,  drawn  according  to  exact 
proportion,  will  represent  tlieir  relations  to  the  eye. 
On  the  same  scale,  the  distance  of  Jupiter  from 
the  Sun  would  be  28  English  feet— the  volume  of 
the  Sun  himself,  nearly  filling  up  the  space  within 
the  orbit  of  the  second  Satellite.    The  eccentri- 
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cities  of  the  orbits  of  the  two  first  Satellites  are 
scarcely  percejjtible,  those  of  the  third  and  fourtli 
exceedingly  slight.  The  planes  within  which 
tiiey  nA)vc,  form  very  small  angles  with  tlie  plane 
of  Jupiter's  orbit,  on  which  account  they  are 
generally  seen  arranged  nearly  in  a  straight  line 
in  the  direction  of  the  planet's  equator.  The  in- 
clmation  of  the  third  Satellite  is  the  largest,  and 
that  is  only  5'  3"  from  Jupiter's  equator;  the 
inclination  of  the  orbit  of  the  second,  is  1'  6" ; 
that  of  the  fourth,  24",  wliile  that  of  the  first,  is 
only  7". — The  perturbations  of  this  interesting 
system,  were  early  investigated  by  Laplace; 
whose  Memoir  on  the  subject  was  one  of  his  first 
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titles  to  distinction.    They  have  since  occupied 
other  distinguished  astronomers.    They  are  very 
curious— especially  the  relations  of  the  first  three. 
As  the  foregoing  table  shows,  the  relations  of  the 
periods  of  revolutions  of  these  three  are  pecuUar 
and  most  simple.    The  period  of  the  second  is 
very  neariy  double  the  period  of  the  first,  and  the 
period  of  the  third  is  also  almost  exactly  double 
that  of  the  second.    From  this  peculiarity,  and 
the  further  fact,  that  the  slight  differences  between 
these  two  ratios,  and  the  actual  numbers,  are  like- 
Avise  related  in  a  veiy  simple  way,  the  following 
two  laws  controlling  their  mutual  perturbations, 
arise: — I.  The  regression  of  the  line  of  conjunc- 
tion of  the  second  and  third  Satellites  is  exactly 
as  rapid  as  the  regression  of  the  Ime  of  conjunction 
of  the  first  and  second  Satellites.    And— 11.  The 
line  of  conjunction  of  the  second  and  third  Satel- 
lites always  coincides  with  the  line  of  conjunction 
of  the  first  and  second  Satellites  produced  back- 
wards ;  the  conjunction  of  the  second  and  third 
Satellites  always  taking  place  on  the  side  opposite 
to  that  on  which  the  conjunctions  of  the  first  and 
second  take  place.    The  student  versed  in  the 
calculus,  will,  of  course,  consult  the  original 
chapter  in  the  Mecamque  Celeste.    These  bodies 
are  all  somewhat  larger  than  our  moon:  the 
largest— the  thhd— is  3,573  miles  m  diameter. 

(3.)  Jupiter's  Satellites,  Eclipses  or  Occulta- 
tions  o/— Owing  to  the  fact,  that  the  planes  of  j 
the  orbits  of  these  bodies  are  nearly  coincident 
with  the  plane  of  the  planet's  orbit,  they  must  1 
suffer  eclipse  on  every  revolution;  and  for  thel 
same  reason,  we  must  be  able  on  every  revolution! 
to  see  them  passing  across  Jupiter's  disc.  These) 
phenomena  were  at  one  time  employed  to  determine  i 
terrestrial  longitude  (see  Loxgitude),  but  thef 
practice  has  long  been  superseded  by  the  use  ofj 
much  more  precise  methods.  1 1  demands,  however,| 
to  be  mentioned,  that  it  was  by  aid  of  the  eclipses 
of  the  Satellites,  that  the  acuteness  of  Roemer  firefi 
detected  ih.e  progressive  character  of  the  propaga-j 
tion  of  light,  and  its  actual  velocity.  Occupying 
himself  -with  the  theoretical  prediction  of  tiiesl 
eclipses,  he  found  that  the  actual  occurrencJ 
never  took  place  at  the  calculated  time — it  toaj 
ahoays  later.  Still  further,  this  apparent  er 
varied  with  the  position  of  tlie  Obsen-er,  or  of  1 
Earth.  "When  our  globe  is  between  the  Sul 
and  Jupiter,  and  of  course  nearest  Jupiter,  tli 
error  is  not  so  gi-eat  as  in  the  opposite  ca 
viz.,  when  the  earth  is  farthest  from  Jupiter, 
on  the  opposite  side  of  the  Sun.  And  the 
apparent  en-ors  are  not  capricious.  They 
cur  regulariy  and  by  regular  quantities;'  ai] 
this  clearly  indicates  that  their  origin  lies 
some  permanent  and  regular  cause.  In  a  hapj 
moment,  llocmer  hit  on  the  conjecture,  that 
do  not  see  the  eclipse  when  it  docs  take  place,  h 
some  time  afterwards, — in  other  words,  that  lig^ 
occupies  a  certain  definite  time  in  travelling. 
idea  started,  ilie  calculation  of  the  velocity  \i 
lasily  made.  Taking  that  velocity  in  round  ni 
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bers,  or  198,000  miles  in  one  second  of  time,  the 
Astronomer  found  that  all  discrepancies  vanished ; 
and  from  that  moment,  a  new  and  most  impor- 
tant tnith  entered  the  domain  of  I'hvsics.  It 
will  be  seen  in  other  articles  in  this  dictionary 
that  our  whole  power  to  explain  the  phenomena 
of  Light  depends  on  our  possession  of  this  truth. 
—For  discussion  of  the  fact  itself,  see  Light, 


Velocity  of.— It  cannot  fairly  be  alleged  that 
we  are  acquainted  experimentally  with  the  velo- 
city of  this  great  agent  in  the  interstellar  spaces  ; 
but  it  is  taken  for  granted  in  all  physical  Inquiry, 
that  it  travels  through  those  remotenesses  also, 
with  the  same  marvellous  speed.  Eoemer'a  dis- 
coveiy  is  thus  held  to  be  a  cosmical  one. 
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Kalcidophon.  A  very  pretty  device  of 
Professor  Wheatstone's,  by  which  the  eye  can  be 
made  to  distinguish  the  transversal  vibrations  of 
an  elastic  thin  plate,  fixed  at  one  of  its  extremi- 
ties. Let  the  plate  carry  at  its  free  end,  a  ball 
of  polished  metal,  or  a  hollow  glass,  silvered 
within ;  and  let  the  experiment  be  made  in  cir- 
cumstances calculated  to  effect,  by  this  ball,  the 
reflection  of  Light  in  the  form  of  a  brilliant  point. 
When  the  thin  plate  is  put  in  vibration,  in  any 
way,  this  fine  pomt  of  Light  appears  to  describe 
various  curves,  corresponding  with  the  musical 
notes  produced  by  the  vibrations. 

Kaleidoscope.  A  beautiful  instrument — one 
of  the  happiest  mventions  of  Sir  David  Brewster. 
It  is  well  kno\vn  that  if  two  mirrors  hang  on 
walls  exactly  opposite  each  other,  the  image  of 
any  object  between  them— of  a  lamp  for  example 
-|-is  repeated  in  each,  an  indefinite  number  of 
times;  forramg,  if  the  mirrors  are  perfectly  parallel, 
asort  of  iudefinite  or  vanishing  alley  of  lights.  If 
the  muTors,  mstead  of  being  parallel  and  distant 
from  each  other,  were  inclined  as  below,  the  image 
of  any  object,  a,  between  them,  would  likewise 
be  repeated,  but  instead 
of  forming  an  alley,  its 
images  would  be  disposed 
around  the  circumference 
of  a  circle  whose  centre  is 
B,  and  radius  b  c,  or  b  c'. 
Sir  David  Brewster  happUy 
imagined  that  by  the  right 
.  disposition  of  two  mirrors 

m  this  way,  figurate  objects  placed  between  c  and 
C  might  be  made  produce  symmetrical  forms  of 
great  beauty  and  infinite  variety;  and  by  fixing 
two  oblong  muTors  at  their  edges  as  at  b,  and 
making  other  suitable  arrangements,  he  arrived 
h-u  ^'""""^  Kaleidoscope.  This  instrument, 
wnich,  in  forms  more  or  less  rude,  found  its  way 
I'lto  the  hands  of  every  one,  is  so  well  known  that 
'oriner  general  description  is  unnecessary.  It  is 
only  justice,  however,  to  the  eminent  inventor  to 
»wie,  that  the  Kaleidoscopes  produced  under  his 
patent,_  must  in  nowise  be  confounded  with  the 

abrfJd^Thi  '^''^         30  rapidly  spread 

dn!!!  .^''^  ^ere  toys.  Brewster's  Kalei- 
ooscope  IS  an  instrument  perfected  by  science. 
A3  in  every  similar  circumstance  in  which  ho 
as  been  concerned.  Sir  David  rigorously  inves- 
tigated and  applied  aU  those  scientific  conitions 


to  which  his  invention  should  be  subjected,  so 
that  it  produce  perfect  sj'mmetry.  The  following 
are  the  leadmg  condirions :— (1.)  The  angle  at 
which  the  reflectors  are  placed  must  always  be 
a  submultiple  of  360° — (2.)  When  the  object 
whose  images  are  to  be  viewed  is,  in  all  its  parts, 
symmetrically  situated  with  regard  to  both  mir- 
rors, this  submultiple  may  be  either  even  or  odd; 
but  if  the  object  is  irregular,  and  in-egularly 
placed,  it  ought  to  be  an  even  submultiple.— (3.) 
There  are  only  two  positions  in  which  the  object 
can  be  placed  so  that  its  images  form  a  perfect 
symmetry.    It  must  either  be  between  the  ends 

of  the  muTors,  or  in  contact  with  these  ends  

(4.)  The  eye  must  be  as  near  as  possible  to  the 
angular  point — Sir  David  added  to  some  of  his 
kaleidoscopes  an  object-glass  or  lens;  thereby 
giving  the  observer  the  power  to  view  through 
it,  any  external  or  natural  object.  The  mstru- 
ment  was  of  great  use,  and  at  one  time  of  wide 
application,  in  aU  Arts  of  Design. 
_  Kepler's  liaws.  Three  Laws,  or  expres- 
sions of  the  Order  of  the  planetary  motions,  dis- 
covered by  John  Kepler.    They  are  these  :— 

First.  The  orbit  of  every  planetary  body  is  an 
Ellipse,  in  one  of  whose  foci,  the  Sun  is  situated. 

Second.  The  radius  vector,  of  each  planet,  sweeps, 
in  equal  times,  over  equal  areas.    See  Aeeas. 

Third.  The  squares  of  the  rimes  of  Revolution 
of  two  planets,  are  in  the  ratio  of  the  cubes  of 
theb  mean  Distances  from  the  Sun,  or  from  the 
foci  of  the  EUipses  iu  which  they  move. 

These  most  important  Laws  were  elaborated 
by  Kepler  out  of  the  mass  of  separate  observa- 
tions— those  especially  on  the  planet  3Iars—Mt 
by  Tycho  Brahe.  No  more  instructive  lesson, 
in  inducrive  philosophy,  can  well  be  found, 
than  his  own  narrative  of  the  mode  m  which  he 
discovered  them.  We  have  told,  in  article  Gea- 
viTATioK,  what  is  their  place  and  importance,  as 
means  towards  the  discovery  of  the  gi-and  Law 
of  the  Material  Universe,  and  as  descriprive  of  its 
exact  Order. — It  was  unfortunately  not  the  privi- 
lege of  Kepler,  to  advance  beyond  these  Laws,  or 
to  ascend  to  tlie  great  Physical  Theory  afterwards 
unfolded.  He  was  indeed  the  true  discoverer  of 
the  Law  of  Inertia,  but  could  not  appreciate  its 
bearings  on  Celestial  Mechanics.  Ho  clung  to 
a  doctrine  of  Vortices ;  nor  would  it  have  been 
easy  for  him  to  devise  a  more  competent 
Theory. 
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liRccrfn.  One  of  the  constellations  marked 
by  lievelius.  It  is  surrounded  by  Andromeda, 
Cepheus,  Cygnus,  and  Pegasus.  Its  largest 
star,  g  Lacerta3,  is  of  the  fourth  magnitude. 

liamp.    A  very  essential  part  of  an  experi- 
mentalist's apparatus.    The  prime  quality  of  a 
lamp  is  the  steadiness  of  its  light,  and  this  de- 
pends on  the  uniformity  with  which  the  wick  is 
wetted  by  the  oil  or  other  combustible.  The  first 
effort  to  secure  this,  was  by  the  ring-lamp,  in 
which  the  oil  was  contained  in  a  ring  of  a  foot  or  so 
in  diameter,  surrounding  the  burner,  and  on  a  level 
with  the  top  of  the  wick.    But  the  level  of  the 
oil  in  the  ring  sank  as  combustion  proceeded,  and 
the  issue  was,  carbonization  of  the  wick,  smoke, 
and  diminished  hght.  This  could  only  be  avoided 
by  the  troublesome  process  of  continued  replenish- 
ing.   Next  we  had  CarceVs  lamp,  in  which  the 
oil  is  regularly  pnmped  up  to  a  certain  level 
from  a  reservoir  below,  by  two  small  pumps  kept 
in  motion  by  clock-work,  or  by  force  of  a  main- 
spring.   These  lamps  have  been  great  favourites 
on  the  Continent,  and  were  made  highly  orna- 
mental ;  but  their  expense,  and  the  inconvenience 
arising  from  the  necessity  of  cleaning  their  me- 
chanism, kept  them  out  of  general  use.  The 
Moderator  lamp,  quite  a  recent  invention,  pro- 
mises to  displace  CarcePs.    In  this,  as  in  Car- 
eel's,  the  reservoir  for  the  oil  is  below,  and  it  is 
forced  up  to  the  required  level  by  the  action  of  a 
spiral  spring,  whose  tension  requires  to  be  re- 
newed, or  the  spring  wound  up,  once  in  twelve 
hours.    They  possess  all  the  \-irtues  of  the  Car- 
cel  lamp.    They  are  simpler,  cheaper,  and  free 
from  the  more  serious  inconveniences  attaching 
to  their  precursors. 

lianip.  Monochromatic.  A  lamp  whose 
flame  j'ields  rays  of  some  one  homogeneous  light. 
It  is  of  greatest  importance  in  optical  experiments 
to  have  the  power  of  iising  light  of  a  definite  re- 
frangibility.  But  the  object  is  difficult  of  attain- 
ment unless  by  the  process  of  first  separating  the 
rays  by  the  prism,  and  then  selecting  the  special 
ray  we  desire.  Sir  David  Brewster  long  ago  pro- 
posed to  substitute  lamps  with  coloured  flames. 
Here,  too,  tlie  difficulty  is  great,  as,  however  strong 
the  colour,  (he  ray  seldom  manifests  absolute 
homogeneity  under  the  test  of  the  prism.  The 
distingui.slied  philosopher  just  named  obtained  a 
homogeneous  yellmo  light,  from  a  lamp  fed  by 
spirits  of  wine  diluted  witli  water  and  heated : 
and  it  has  been  found  since  that  if  some  of  the 
muriates  are  thrown  in  powder  on  the  wick  of  a 
spirit  lamp  the  same  effect  is  produced.  By  using 
common  salt  or  muriate  of  soda,  in  this  way,  Mr. 
Talbot  obtained  a  very  copious  supi)ly  of  pure  or 
absolutely  homogeneous  yellow  light. 

Immp,  Safely.  A  fine  invention  of  Sir  IT. 
Davy's,  with  the  object  of  Icssenuig  danger  of 
explosion  in  mines.   It  rests  ou  the  principle  that 
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flame,  to  ignite  adequate  combustible  gases,  will 
not  pass  through  fine  wire  gauze ;  although 
the  light  of  the  flame  easily  passes  through  it. 
If  used  with  ordinary  care,  this  lamp  is  quite 
effective  for  its  purpose. 

JLaiitei-ii,  magic.  A  very  simple  and  in- 
genious philosophical  instrument  depending  on 
dioptrical  principles.  It  is  sometimes  employed 
for  scientific  purposes;  most  commonly  as  a 
mere  toy.  It  consists  of  a  box  of  cubical  form, 
within  which  a  lamp  is  set.  The  box  has  a 
hole  in  the  middle  of  one  of  its  sides,  where  a 
lens  is  inserted,  as  in  the  ordinary  camera  ob- 
scura,  with  a  vacant  space  between  the  glasses 
of  the  lens  and  the  end  nearest  the  box,  where  a 
slide  can  be  inserted.  The  lamp  is  placed  so  that 
its  light  shall  be  on  a  level  w'ith  this  hole  in  the 
box.  The  lens  consists  of  an  arrangement  of  two 
or  three  glasses  capable  of  scattering  rays,  which 
go  through  them  from  the  box,  according  to  the 
ordinary  dioptrical  properties  of  Lenses  {q.  vS) 
The  slide  has  coloured  figures,  the  colours  being 
as  transparent  as  possible;  and  when  it  is  in- 
serted the  rajs  from  the  lamp  passing  through 
the  glass  slide  go  on  to  the  lenticular  arrange- 
ment through  which  also  they  pass.  If  the 
room  be  dark,  the  black  wall  opposite  the 
mouth  will  be  lighted  up  hy  the  radiance  from 
the  lamp  coming  through  the  slide  and  lens,  and 
the  figured  glass  from  its  colour  absorbing  more 
light  than  the  plain  glass  beside  it,  the  light 
which  has  passed  through  it  will  be  less,  and 
dark  outlines  will  thus  be  thrown  upon  the  wall. 

liatitudc.  The  latitude  of  a  place  is  equiva- 
lent to  the  elevation  of  the  pole  above  the  hori 
zon,  which  altitude  could  be  easily  determined 
were  the  pole  a  visible  point  But  as  there  is 
no  star  exactly  at  the  pole,  its  position  must  be 
determined  by  observations  of  stars  at  a  distance 
from  it, 

this  essential  element 

(1.)  By  Transits  of  a  Circumpolar  Star  hnth 

Above  and  Below  the  Pole  The  best  method  of 

determining  the  latitude  of  a  place,  so  as  to  be  in- 
dependent of  the  declination  of  the  i?tar  observed, 
and  also  as  free  as  possible  from  the  errors  of  re- 
fraction, is  by  observations  of  a  circumpolar  star 
at  the  time  of  its  upper  and  lower  culminations. 
These  observations  nifiy  be  made  by  means  of  a 
mural  circle,  or  any  graduated  circle. — Let  h  z  r  o 
represent  a  meridian, 
H  o  the  horizon  of 
the  place  of  observa- 
tion, p  the  place  of  the 
pole,  and  a  b  c  D  tlie 
circle  described  by  a 
circumpolar  star  in  its 
diurnal  motion.  The 
elevation  of  the  pole 
p  o  is  equal  to  half 


There  are  seven  methods  of  determining 


the  sum  of  a  o  and  c  o, 
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corrected  for  refraction. — Let  A  and  a'  represent 
the  altitudes  of  a  circumpolar  star  at  its  upper 
and  lower  culminations ;  also,  let  r  and  r'  be  the 
refractions  conesponding  to  these  altitudes ;  then 

^  =  i  (a  4"  A'  —  r  —  r'), 
both  altitudes  being  measured  from  the  north 

horizon  If  zenith  distances  instead  of  altitudes 

are  observed,  the  co-latitude  will  be, 

=:  90°  —  ?  =  Kz  +  z'  +  »•  +  '^)- 
The  refraction  is  derived  from  the  usual  tables. 

(2.)  By  Simple  Meridian  Altitudes. — Let  p  z  h 
represent  the  meridian  of  the  place  of  observation, 
z  H  o  the  horizon,  z  the 

zenith,  p  the  place  of 
the  pole,  EQ  the  equa- 
tor, s  or  s'  a  star  on  the 
meridian,  s  E  or  s'e  its 
o    declination  (S),  8  p  or 


Fig.  2. 


S'  p  its  distance  from 
the  pole  (d),  which  is 
the  complement  of  S ;  the  arc  e  h  is  the  comple- 
ment of  the  latitude  (^),  or  90°  —  (p.  —  We 
measure  the  altitude  (a)  of  the  object  s  or  s',  or 
its  zenith  distance  (z),  and  correct  it  for  refrac- 
tion and  parallax,  if  the  paraUax  is  appreciable. 
Then  it  is  evident  that 

EH  =  8H  —  SE  =  S'H-|-  S'E. 

These  two  equations  are  included  in  the  same 
expression  by  regarding  the  declination  negative 
when  it  is  south  of  the  equator.  Thus, 

90°  _  ^)  =  A  —  S, 
or  (p  =  90°  -f  S  —  A. 

But  z  =  90°  —  A. 

Hence  ^  =  S  4-  z, 

for  stars  which  culminate  south  of  the  zenith, 
where  S  must  have  the  negative  sign  when  the 
declination  is  south.— If  the  star  passes  the  meri- 
dian between  the  north  pole  and  the  zenith,  as, 
for  example,  at  b,  then  we  shall  have 

PO  =  BO  —  bp; 
that  is,  ^  =  A  —  d. 

But    A  =  90°  —  z,  and  (Z  =  90°  —  S. 
Hence  (p  =  S  —  z. 

If  the  star  passes  the  meridian  below  the  north 
pole,  then  we  shall  have 

PO  =  co-|-pc; 
that  is,  (p  =  A  +    =  180°  _  S  _  z. 
Hence  we  shall  have 

tlie  observations  bemade  to  the  south ; 
— z  if  to  the  north,  aSove  the  pole; 

P=  180° — (S-|-z)  if  to  the  north,  helow  the  pole. 

(3.)  By  Circum-meridian  Altitudes  The  pre- 
ceding method  gives  but  one  value  of  the  latitude, 
^because  the  star  can  only  be  observed  at  the 
instant  when  it  crosses  the  meridian.   But  where 
the  observer  is  furnished  with  an  altitude  and 
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azimuth  instrument,  a  repeating  circle  or  sextant, 
he  may  render  any  number  of  observations  made 
on  each  side  of  the  meridian,  and  at  a  short  dis- 
tance from  it,  equal  in  accuracy  to  those  which 
are  made  at  the  moment  of  culmination.  For 
this  purpose,  he  must  know  the  distance  (in 
time)  of  the  star  from  the  meridian  at  the  instant 
of  each  observation,  and  he  can  compute  the 
correction  which  ought  to  be  applied  to  the  zenith 
distance  observed. — Let  p  be  the  pole,  z  the 
zenith  of  the  place  of 
observation,  p  z  m  a 
meridian,  s  a  star  near 
to  the  meridian,  m  the 
point  where  this  star 
crosses  the  meridian,  hL 
and  p  s  an  hour  circle  Fig.  3. 

passing  through  the 

star.  Suppose  the  zenith  distance,  z  s,  of  the  star 
has  been  measured,  and  corrected  for  refraction, 
and  also  for  parallax,  when  the  sun  or  a  planet  has 
been  observed ;  it  is  required  to  compute  the  zenith 
distance,  z  m,  of  the  star  when  on  the  meridian. 
Now  from  the  figure  we  perceive  that 

p  s  =  90°  —  S, 
p  z  =  90°  —  ip, 
ZM  =  PM  —  pz  =  ^  —  ^  =  (z), 

the  zenith  distance  of  the  star  on  the  meridian. — 
With  z  as  a  centre,  describe  the  arc  s  n,  and  the 
point  N  will  be  at  the  same  altitude  as  s.  It  is 
required  to  compute  m  n  =  a;,  the  quantity 
which  the  star  must  rise  from  s,  before  it  reaches 
the  meridian. 

COS.  a  =  cos.  b  cos.  c  -|-  sin.  b  sin.  c  cos.  a. 

But         cos.  A  =  1  —  2  sin.  '^^  a. 

Hence 

cos.  a  =  cos.  b  cos.  c  -j-  sin.  b  sin.  c 
—  2  sin.  b  sin.  c  sin.  ^^a. 

Also, 

COS.  6  COS.  c  -\-  sin.  6  sin  c  =  cos.  (b  —  c). 

Hence 

COS.  a  =  cos.  (6  —  c)  —  2  sin.  b  sin.  c  sin.  "^a. 

Applying  this  formula  to  the  triangle  p  z  s,  and 
representing  the  angle  z  p  s  by  p,  we  have 

COS.  zs  =  cos.  (ps — pz) — 2  sin.  pz  sin.  ps  sin. "  Jp 

=  cos.  z  —  2  cos.  (f  cos.  S  sin. "  Jp  (1.) 

But  z  a  =.  z  M  -\-  X. 

Hence 

cos.  z  3  =  COS.  z  M  cos.  X  —  sin.  z  m  sin.  x. 

But,  since  x  is  supposed  to  be  a  small  arc,  wo 
may  put 

X  =  sin.  X, 


and 


COS.  X  z=z  1 


x2_ 
2 
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Hence  wo  obtain 
COS.  zs  =  cos.  zm(1  ■ 


. -]-,  &c.)  —  X  sin.  ZM 


=  cos.  z 


COS.  z 


X  sin  z. 


Tlierefore  equation  (1.)  becomes 

COS.  z  —  ^it''  COS.  z  —  a;  sin.  z 

=  COS.  z  —  2  COS.  ^  COS.  S  sin.  *^p, 
or  ^x^  COS.  z      X  sin.  z 

=  2  COS.  ^  COS.  S  sin  ^ip  (2.) 

If  we  neglect  the  term  containing  a?",  and  sup- 
pose X  to  be  expressed  in  seconds,  we  shall  have 

  2  sin.        COS.  ^  cos.  S 

sin.  1"  sin.  z  ' 

which  formula  is  sufficient^  accurate,  when  the 
hour  angle  does  not  exceed  ten  minutes.  If  a 
further  approximation  is  requii-ed,  it  may  be  ob- 
tained as  follows: — Divide  equation  (2.)  by  sin.z, 
and  we  obtain 

x4-ix^  cot.  z  =  2sin.  »ipcos.(pcos.g  _ 

sin.  z 

Represent  the  second  member  of  this  equation  by 
B,  and  ^  cot.  z  by  A,  then 

X        AX^  =  B, 


or 


X  =  B  —  A  a;'' 


But  B  is  the  approximate  value  of  a;  before  found; 
hence,  for  a  second  approximation,  we  shall  have 

a;  =  B  —  A  : 

or,  supposing  x  to  be  expressed  in  seconds, 

2  sin.  "ip  COS.  0  COS.  S 


sin.  1'' 


Sin.  '^^F  COS.  <p  COS. 


sin.  z 


sin.  z 
*  2  cot.  z 


sm. 


.(3.) 


which  is  the  correction  to  be  subtracted  from  the 
zenith  distances  observed  near  the  meridian,  for 
an  upper  culmination,  in  order  to  obtain  the  true 
meridional  zenith  distance. 

(4.)  By  a  Single  Altitude,  the  Time  of  Observa- 
tion being  known. — Let  z  be  the  zenith  of  the 

observer,  p  the  pole,  s 
a  star  whoso  altitude 
is  measured  at  a  known 
instant  of  time.  Then, 
inthespheric.ll  triangle 
zps,  wo  have  given  PS 
=  90°  —  S,  z  s  =  z, 
and  the  hour  angle 
z  p  s,  to  find  p  z.  From  s  let  fall  the  perpen- 
dicular 8  M  upon  pz  produced.  Then,  by  Napier's 
rule,  we  shall  have 

i{.  cos.  p  =  tan.  p  M  cot.  p  s  =  tan.  r  m  tan.  S. 
Hence       tan.  p  m  =  cos.  p  cot.  S   (1.) 

MZ  =  PM  —  PZ=PM-|-f  —  90°. 


Fig.  4. 


sin.  (p  M  -1"  ip)  = 


(2.) 
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Also, 

cos.  p  M  :  COS.  z  SI :  :  cos.  p  s  :  cos.  z  s, 
or,  cos.  p  M  :  sin.  (p  m  -|-  ^)  :  :  sin.  S  :  cos.  z 
Hence 

cos.  z  cos.  P  M 
sin.  2 

Equation  (1.)  furnishes  the  value  of  pm,  and 
equation  (2.)  furnishes  the  value  of  p  m  -|-  0. 
The  difference  between  these  quantities  is  if,  the 
latitude  required. 

(5.)  By  Observations  of  the  Pole  Star  at  avy 
Time  of  the  Day. — Let  p  be  the  pole,  z  the  zenitli, 
z  p  N  the  meridian  of  the  place  of  ^ 
observation,  and  s  the  pole  star  in 
any  point  of  its  diurnal  circle,  sbs'. 
Then  we  shall  have  zp  =  90°  —  <p, 
z  8  =  90°  —  H,  n  being  the  ob- 
served height  of  the  star  corrected 
for  refraction.  Represent  the  polar 
distance,  p  s,  by  d.  Since  the  arc 
d  is  at  present  less  than  90',  the 
sides  z  p,  z  s,  differ  only  by  a  small 
arc,  X,  which  we  propose  to  calcu- 
late.— Let 


z  p  —  z  s  =  a;;  that  is,  H  —  ip 
or  <p  =.'3.  —  X. 

Represent  the  hour  angle  z  p  s  by 


'  M 


p. 


Fig.  5. 

The  spherical  triangle  z  f  s  furnishes — 


cos.  zs  =  COS.  PS  cos.  PZ  -j-  sin.  ps  sin.  pz  cos.  p, 
or 

sin.  H  =  cop.rfsm.(H — a;)  -j-sin.^  cos.(h — x)cos.  P. 

By  substituting  the  values  of  sin.  (h  —  a;),  and 
COS.  (h  —  a;),  and  diN-iding  the  whole  equation 
by  sin.  h,  we  obtain 

1  =  cos.  d  (cos.  X  —  sin.  x  cot.  h) 

-[-  sin.  d  (cos.  a;  cot.  H  -|-  shi.  .t)  cos .  p, 

or 

1  =  cos.  a;  (cos.  d  -j-  sin.  d  cot  h  cos.  p) 
 sin.  X  (cos.  d  cot  u  —  sin.  d  cos.  p). 

Let  us  put 

a  =  90s.  d  -}-  sin.  d  cot  H  cos.  p, 
6  =  COS.  d  cot.  H  —  sin.  d  cos.  p, 

and  we  have 

1  z=  a  COS.  X  —  b  sin.  x  (1.) 

But 


sm.  y 


-  r 


+ 


— ,  (Sec 


COS.  y=l—JL^-\- 


'1- 
120 

24 


• ,  &c. 


Therefore 

«  =  1  -(-  cf  COS.  p  cot.  n  — 
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—     —  COS.  P  cot  H  +,  &C. 


6  =  cot.  II  —  d  COS.  p  ■ 


cot.  H 


-j-  — _  COS.  P  -|-,  &C. 

Let  us  now  assume 

x  =  Arf+  B  cZ2  -f  c  u3  -f  ,  &c  (2.) 

where  a,  b,  and  c  represent  unknown  coefficients 
indeiiendent  of  d. — Then  we  shall  have 


COS.  X  =  1 


A  B     -|- ,  &c. 

sin.  «;  =  A<f-fBd«-J-^c—  +>  &c. 

Substituting  in  equation  (1.)  the  values  of  a,  i, 
sin.  K,  and  cos.  a;,  arranging  the  terms  in  the 
order  of  the  powers  of  a!,  and  retaining  all  the 
terms  which  contain  the  first  tliree  powers  of  c?, 
we  obtain 

1=  l-j-COS,  P  cot.  H  .  d  COS.PCOt.H 

2  6 


2  „•» 


A''  a 


a4 


COS.  V  cot  H   A  B  tZ' 

A  d^ 

-    ACOt.  H.C?-(- ACOS.  P.d*  -f- — g-'^'^'-^ 
-j-B(i»COS.  P  —  B  cot.  H.d^ 
-—         —  ^  ■ 

Since  this  equation  must  be  verified  by  any  value 
of  c/,  the  terms  involving  the  same  powers  of  d 
must  cancel  each  other.    Hence,  First. 

COS.  p  cot  H  —  A  cot.  H  =.  0 ;  whence  a  —  cos.  p. 
Second, 


Therefore, 


B  cot  H  =  cos,  *p  

cos.  "^p  — 


■  A  cos.  P  —  B  cot.  H  =  0. 


cos. 


sin. 


tan.  H. 


Hence       b  =  -.^2I 
2 

Third. 

 cos.  P        A*  cos.  P    ,   A       /  a3\  „ 

~6  -^-  +  2-V*^--6)=°- 

fiJund^*^^'  '"''^'"'^"''"S  the  value  of  a  already 
3  c  =  cos.  p  —  cos.  'p 


=  cos.  p  (1  —  COS.  *p) 
=  COS.  p  sin.  *p. 


'p. 
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Therefore, 

c  =  ^  COS.  p  sin.  *i 

Substituting  these  values  in  equation  (2.),  we 
obtain, 

X  =  d  COS.  p  —  ^  sin.  *p  tan.  h  . 

-\-  J  COS.  p  sin.  *p  d^ ; 

or,  multiplying  by  sin.  1",  in  order  that  x  may 
be  expressed  in  seconds  of  arc,  we  have 

^  =  H  —  d  COS.  P  -f-  2  sin.  1"  (d  sin.  p)'^  tan.  h 

—  I  sin.  *1"  (d  cos.  p)  (d  sin.  p)a...(3.) 

The  last  term  of  this  equation  never  amounts  to 
half  a  second,  and  may  therefore  generally  be 
omitted. 

(6.)  By  Observing  the  Difference  of  the  Meridional 
Zenith  Distances  of  Two  Stars  on  Opposite  Sides 
of  the  Zenith. — If  we  select  two  stars  whose  places 
are  well  known,  one  of  which  culminates  to  the 
north,  and  the  other  to  the  south  of  the  observer, 
at  nearly  the  same  distances  from  the  zenith,  and 
within  a  short  interval  of  time,  and  measure 
accurately  the  di_fference  of  their  zenith  distances, 
the  latitude  of  the  place  of  observation  may  thence 
be  easily  deduced.  If  we  represent  the  zenith 
distance  of  the  northern  star  by  z„_  and  that  of 
the  southern  star  by  ;  also  the  declination  of 
the  northern  star  by  and  that  of  the  southern 
star  by  S,,  then  we  shall  have 

<P  =  l  +  Z.; 

(P  —  K  —  z„. 

Plence      2  ip  =  S.  -(-  S„  +    —  z„ ; 

that  is,  the  sum  of  the  declinations  of  the  two 
stars  (which  are  given  by  the  catalogue),  added 
to  the  difference  of  their  zenith  distances,  gives 
twice  the  latitude  of  the  place. 

(7.)  By  Observations  with  a  Transit  Instrument 
in  the  Prime  Vertical. — This  method  supposes  the 
transit  instrument  to  be  placed  with  its  supports 
north  and  south,  so  that  the  telescope,  when 
directed  toward  the  horizon,  points  due  east  and 
west.  We  must  then  observe  the  passage  of  some 
known  star  over  the  same  wires  when  the  telescope 
is  pointing  east  and  west.  From  these  observa- 
tions we  may  determine  the  latitude  of  the  place, 
or  the  declination  of  the  star,  when  either  of 
these  quantities  is  known. — Let  p  represent  the 
pole  of  the  earth,  z  the  zenith  of  the  observer, 
E  z  w  the  prime  ver- 
tical, which  is  al.'50 
the  line  described  in 
the  heavens  by  the 
transit;  and  let  the 
arc  s  B  s'  bo  tlio 
path  of  a  star  which 
culminates  a  little 
south  of  the  zenith. 
Let  the  times  at  q 
which  a  star  crosses 

the  field  of  the  transit  at  s  and  s'  be  noted ;  and 
tlie  angle  s  p  s',  which  is  the  difleronco  of  tliose 
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times,  will  be  knoTO.  Then,  in  the  right-angled 
spherical  triangle  p  z  s,  by  Napier's  rule, 

B,  COS.  z  p  s  =  tan.  p  z  cot.  p  s. 

Put  z  r  S  =  p  =  half  the  sidereal  interval  be- 
tween the  times  of  east  and 
west  transit; 

S=90°  —  PS  =.  the  declination  of 
the  star. 

^  =  90°  —  p  z  =  the  latitude  of  the 
place. 


Then 


or 
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COS.  p  =  cot.  <p  tan.  S ; 


t     ^  = 


tan.  S 


COS.  p 


.(1.) 


But  to  accomplish  this  object  in  the  best  manner 
requires  an  instrument  of  a  peculiar  construction. 
The  instrument  should  admit  of  having  the  level 
applied  to  it  while  the  telescope  is  in  the 
position  of  observation,  and  it  should  also 
admit  of  being  reversed  with  ease  and  rapidity. 
The  figure  below  represents  such  an  instru- 
ment made  by  Pistor  and  Martins,  of  Berlin. 


Fig.  7. 


—The  instrument  rests  on  a  block  of  granite,  columns  4^  feet  high,  separated  by  a  cavity  which 
M  M  6  feet  5  inches  high,  3  feet  3  inches  from  contains  the  reversing  apparatus  — s  is  the  axis 
east' to  west  and  3  feet  7  inches  from  north  to  of  the  instrument,  terminating  in  two  pivots,  b,b, 
south.    This  block  is  cut  so  as  to  form  two  3-6  inches  in  diameter;  to  one  of  which  is  at- 
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taclied  the  telescope,  t,  to  the  other  the  cylinder, 
u,  which  counterpoises  tlie  telescope.    The  tele- 
scope is  6i  feet  focal  length,  and  4-8  inches  clear 
aperture — v,  v  are  the  Y's  which  support  the 
axis,  and  c,  c  are  friction  rollers,  with  grooves 
for  relieving  the  Y's.    They  are  regulated  by  the 
counterpoises  w,  vr,  all  of  "which  are  carried  by 
the  reversing  apparatus.— The  axis,  s,  is  hollow, 
and  contains  a  lever,  r,  one  end  of  which  expands 
uito  a  fork,  and  is  firmly  secured  at  x  to  each 
side  of  the  telescope  tube.    To  the  other  end  of 
the  lever  is  attached  the  counterpoise,  k,  which 
transfers  the  weight  of  the  telescope  to  that  part 
of  the  pivot  which  rests  immediately  upon  the 
Y's.   A  similar  counterpoise  is  placed  on  the 
other  side,  to  produce  the  same  effect  with  refer- 
ence to  the  cylinder  u.— z  is  the  striding  level, 
which  rests  permanently  upon  the  pivots  b,  b 
durmg  the  obser\'ations ;  and  l  is  a  mirror  for 
illuminating  the  level  divisions  by  means  of  a 
lamp.    The  level  tube  is  protected  by  a  glass 
case,  G,  and  there  is  a  cross  level  at  h. — About 
the  middle  of  the  axis,  at  d,  is  a  clamp  for  slow 
motion  of  the  telescope,  and  a  screw,  with  a 
Hook's  joint,  at  e.— The  reversing  apparatus, 
:  P,  P,  turns  on  an  inverted  cone,  working  in  the 
i  hollow  cylinder,  i?,  and  is  strengthened  by  the 
I  cross  iron  bars,  a,  a,  a,  which  are  supported  by 
I  the  flat  iron  bars,  b,  b — n  is  a  crank  which  turns 
!  a  cog-wheel  at  n,  ^vhich,  by  means  of  a  screw, 
!  hfts  the  hollow  cylinder,  e,  and,  by  means  of  the 
forks,  I,  I,  lifts  the  horizontal  axis  until  the 
pivots,  B,  B,  are  sufficiently  high  to  clear  the  Y's. 
The  telescope  is  then  turned  to  a  zenith  distance 
of  about  45°,  and  is  revolved  to  the  other  side  of 
the  pier.    It  is  prevented  from  going  too  far  by 
the  arm  f,  which  is  so  adjusted  as  to  strike  the 
pm  D,  when  the  telescope  is  exactly  over  the  Y''s. 
— n  is  a  finding  circle  for  setting  the  telescope 
■■  upon  a  star.— J  is  the  handle  of  a  screw,  which 
'  moves  a  slide  at  o  for  regulating  the  illumination 
'  01  tHe  wires.— « is  the  micrometer  head  and  screw 
I  moving  the  micrometer  wire.— p  is  a  lever  which 
carries  the  eye-piece  across  the  field.— In  the 
eye-piece  of  the  telescope  are  inserted  two  hori- 
zontal and  paraUel  threads,  distant  1'  from  each 
otner;  and  also  15  fixed  vertical  lines,  with  one 
moveable  one.    The  transits  over  the  vertical 
lines  are  designed  to  be  observed  midway  between 
,  em,r?f  ^"r"/'''  lines.-IIaving  determined  the 
error  of  level  of  the  axis,  the  observer  directs  the 

eaitT  north  of  the 

eastern  pnme  vertical,  and  observes  the  transit  of 

mWHlf  rTf.'^.*'^  preceding  the 

St?  ^.f'^ '  "'^  ^'^''"'l^  telescope 
tranfitT  ^''^  «Wique 

wire  w7  ^^^^'^''-^'^  «^er  the  centre  of  each 
Se  tl!  ,  u"""  ^'^^  P"^^^<1  'he  wire  next 
minn  !l  "'i'^'^'"'  "'e  axis,  by  which 

sWe  of  thV' •^'^'P''  tile  opS 

8We  of  toe  pier,  and  observes  the  passage  of  the 

''^'"^  the'easte^;prim 
vertical,  over  the  same  wires  as  before,  but  in  the 
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opposite  order.  lie  next  determine.^  the  eiTor  of 
level  of  the  axis.  When  the  star  is  approacbmg 
the  western  prime  vertical  from  the  south,  the 
instrument  being  still  in  its  second  position,  he 
ascertains  again  the  eiTor  of  level  of  the  axis. 
Again  he  observes  the  transit  of  tlic  star  over 
tlie  first  seven  wires  preceding  the  middle  of  the 
field ;  reverses  the  instniment  to  its  first  position, 
and  observes  the  transit  of  the  star,  now  on  the 
north  side  of  the  western  prime  vertical,  over  the 
same  wires.  Finally,  he  ascertains  the  error  of 
level  of  the  axis  in  the  last  position.— The  fol- 
lowing observations  were  made  by  Struve,  with 
the  prime  vertical  transit  of  the  Pulkova  Ob- 
servatory. The  numbers  in  the  last  column  are 
read  from  below,  upward : — 

January  15,  1842.    o  Draconis. 


East  Vertical. 

Telescope  S. 

Wires. 

h.  m.  s. 

I, 

17  54  30-7 

11. 

55  8-65 

III. 

55  44-4 

IV. 

56  22-25 

V. 

57  0-6 

VI. 

57  40-9 

VII. 

17  58  13-5 

Telescope  N. 

vn. 

18   1  40 

VI. 

1  45-5 

V. 

2  29-8 

IV. 

3  12-7 

III. 

3  57-6 

II. 

4  39-8 

I. 

18   5  26-35 

Level  =  -f  0"-687 

West  VERTiCAL. 
Telescope  S. 
h  m.  s. 
19  42  61 4 
42  13-65 
41  38-0 
40  ."ig-SS 
40  21-7 
39  41-4 
19  39  2-7 

Telescope  N. 

19  36  17-85 
'     35  37-0 
3t  52-33 
34  9-3 
33  24  -7 
32  42-1 
19  31  65-6 
Level  =  -1-  0"-923 


The  reduction  of  the  observations  is  made  as  fol- 
lows, each  wire  being  treated  separately:— Let 
N  E  s  -w  represent  the  horizon,  N  s  the  meridian, 
Evv  the  prime  vertical,  i« 
P  the  pole,  and  a  the 
place  of  the  star  at  its 
transit  over  one  of  the 
wires  of  the  telescope. 
Join  PA  and  na  byw 
arcs  of  great  circles. 
The  projection  of  each 
wire  on  the  sky  is  a 
small    circle,  whose 
pole  is  the  north  point, 
N,  of  the  horizon.    If  g. 
c  represent  the  angular 

distance  of  one  of  the  wires  from  the  line  of 
collimation,  90°  —  c  will  be  the  radius  n  a  of 
the  small  circle,  when  the  star  is  seen  on  it,  north 
of  the  prime  vertical,  and  90°  -(-  c  when  the 
star  is  south  of  the  prime  vertical. — In  tlie  tri- 
angle p  N  A,  we  have 

COS.  NA  =  COS.  NP  COS.  PA  -j-  sin.  NP  sin.  pa  cos.  NPA. 

Let  ^  =  N  p  the  latitude  of  the  place ; 

S  =  90°  —  p  A  =  the  Star's  declination; 
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t,  t'  =  the  hour  angles  spa  from  the  meri- 
dian, at  the  two  observations  over 

*  the  same  wire,  in  the  direct  and  re- 

versed positions  of  the  axis. 

Then,  when  the  star  is  north  of  the  prime  ver- 
tical, 

COS.  (90°  —  c)  =  sin.  c  =  cos.  (p  sin.  S 
—  sin.  (p  COS.  2  cos.  t ; 

and,  when  the  star  is  south  of  the  prime  vertical, 

COS.  (90°  -j-  c)  =  —  sin.  c  =  cos.  ip  sin.  S 
—  sin.  ^  COS.  S  COS.  t'. 

Adding  these  two  equations,  we  obtain 

0  =  2  sin.  S  cos.  <p  —  cos.  J  sin.  ^  (cos.  t  -\-  cos. 
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or, 

^    <-  ^      COS' t  -4-  cos.  t' 
tan.  d  cot.  0  =  — !  

^  2 

=  COS.  JLltJ.  COS.   (2.) 

2  2         ^  ^ 

This  formula  will  furnish  the  declination  when 
the  latitude  is  known,  or  tlie  latitude  when  the 
declination  is  known.  The  latitude  of  the  Pulk- 
ova  instrument  is  59°  46'  18".  t'  represents 
half  the  interval  between  the  first  transit  east 
and  the  second  transit  west;  and  t  is  half  the 
interval  between  the  second  transit  east  and  the 
first  transit  west. — The  following  is  Stmve's  re- 
duction of  the  preceding  observations,  a  correc- 
tion of  -(-  0-0  9s.  being  apphed  to  the  interval 
w.  —  E.  for  rate  of  clock : — 


Wire  I. 

Wire  II. 

Wire  III. 

Wire  IV. 

Wire  V. 

Wire  VI. 

Wire  VIL 

w._E.{^;' 

i  (.f  +  0 
i  (f  —  0 

li.  m.  s. 
1  48  20-79 
1  26  ■29-34 
0  48  42-53 
0    5  27-86 

m.  s. 

47  5-09 
28  2-39 

48  46-87 
4  45-67 

m.  s 

45  53-69 
29  27-19 
48  50-22 
4  6-62 

m.  s. 

44  37-69 
30  56-69 
48  53-60 
8  25-25 

m.  s. 
43  21-19 
32  22-64 
48  65-96 
2  44-64 

m.  s. 
42  0-59 
33  51-59 
48  58-05 
2    2  25 

m.  8. 
40  43-29 
35  13  94 
48  59-31 
1  22-33 

cos.  ^  (f  -\-  0 
cos.  §  (f  —  0 
tan.  (p 

9-9901167 
9-9998765 
0-2345728 

0871 
9063 
6728 

0642 
9301 
6728 

0411 
9516 
6728 

0250 
9688 
5728 

0107 
9828 
5728 

0020 
9922 
6728 

tan.  2 

0-2245660 
5°9  11  39'-00 

5602 
39'-04 

5671 
39-23 

5655 
38'-90 

6666 
39-12 

6663 
39''06 

6670 
39-21 

The  mean  ei-ror  of  level  of  the  instrument  may 
be  applied  to  (p,  or  we  may  apply  a  coiTcction  to 
the  declination  obtained  with  a  constant  value 
of  <p.  If  the  incUnation  of  the  axis  be  denoted 
by  I,  which  is  the  mean  of  the  two  inclinations, 
telescope  n  and  telescope  s,  then  (p  -j- 1  should  be 
used  in  place  of  <p.    Now  we  have 

tan.  S  =  tan.  (p  cos.  p. 

By  'differentiating,  supposing  p  constant,  we  ob- 
tain 

d  S  sec.  ^'S  =  cl<p  sec.  ^<p  cos.  p. 

Hence 

cli=d<p^^^^=df  cos.S.sm.S 
sec.  2S  tan.  <p  cos.  (p  sm.  ip 


or 


, _  sm.  2  S 

=  dip  — — - — , 
sm.  2  (p 

d}=        ^  ^  I. 


sin.  2  (p 

In  the  preceding  observations  the  mean  inclina- 
tion of  the  axis  was  -f-  0"-805. 

The  mean  value  of  S  =  59°  11'  39"-071 

Correction  for  inclination  of  axis  -\-  0"-814 
Observed  declination  =  59°  11'  39"-885 


The  declination  thus  found  is  not  correct,  unless 
the  telescope  is  truly  adjusted  to  the  prime  ver- 
tical.   Suppose  there  is  an  error  in  the  azimuth 


Fig.  9. 

of  the  instrument  equal  to  a  or  90°  —  p  z  z' ; 
then,  in  the  triangle  p  z  z', 

.  cot.  p  z  z'        tan.  a 

tan.  p  =   =  _  .  

cos.  p  z         sm.  (p 

If  the  error  in  azimuth  be  small,  we  may  assume 
a 


sm.  ip 

which  represents  the  angle  at  the  pole,  between 
the  true  meridian  and  the  meridian  of  the  insfra- 
ment.  The  instant  of  the  star's  passage  over  the 
meridian  of  the  instrument  is  equal  to  the  half 


488 


LAT 

rm  of  the  east  and  west  ti-ansits. 
preceding  observation,  we  have 


wires.  Telescope  S. 

I.  ISh.  48m.  4l'10s. 

ir.  411os. 

III.  41-20S. 

IV.  41-05S. 
V.  4115s. 

VI.  41-15S. 

VII.  41-lOs. 

Mean,  ISIr.  4Sm.  4l-l3s. 

Mean,  18b.  48m.  41-09s 


Telescope  N. 

18h.  48m.  40'93s. 

41 -258. 
41'07s. 
4100s. 
41-1.")S. 
40-9AS. 
40  97s. 
41'05s. 


I  The  instant  of  meridian  passage  requires  a  small 
correction  for  the  difference  of  inclinations  of  the 
«axis  in  the  two  verticals. 

T<aiitudc,  Aslronoiiiical.  If  a  great  circle 
be  drawn  through  a  Star  from  the  pole  of  the 
jtic,  the  portion  of  that  circle  intercepted 
between  the  star  and  the  Ecliptic  is  its  Latitude 

liatus-Reciuin.  Another  name  for  the 
■parameter  or  focal  chord  of  a  conic  section. 

.Law.  A  word  of  frequent  and  important  use 
^like  in  Physics  and  pure  Mathematics.    It  is 
-sential  to  have  it  understood,  that  the  term  has 
10  objective  significance,  no  significance  in  so  far 
as  external  events  or  phenomena  are  concerned, 
.beyond  this,— it  merely  expresses  an  order  of 
-equence,  or  the  mode  m  which  changes  succeed 
ach  other.    If  the  succession  be  very  regular, 
e  Law  is  simple ;  if  comparatively  irregular, 
he  Law  is  more  complex.    Into  the  subjective 
eaning  and  relations  of  Physical  Law,  its  rela- 
^ons  to  our  notion  of  Force  or  to  the  idea  of 
AUSATION,  we  mquire  not  here.— In  pure  ma- 
hematics,  the  word  is  generally  employed  to 
esignate  the  mode  in  which  the  successive  terms 
ot&senes  are  derived,— each  one,  from  those  going 
raore  It.    Sometimes  this  mode  of  derivation  is 
mple,  and  at  other  times  quite  complex.  The 
gnest  and  most  grasping  expression  of  Law, 
jccording  to  this  view  of  it,  is  exemplified  in 
aplaces  idea  of  Generating  Functions. 
'  I|aw9  of  Motion :— Those  fundamental  pro- 
-SiUons  on  which  the  whole  of  Statics  and  Dyna- 
repose.  Various  statements  have  been  given 
tftem,  and  very  various  theories  advanced  as 
the  source  of  their  authority.    We  have  no 

-rp  f^""  r'!'''™'  ^"'^  «™Pl3'  expose  there- 
re^  that  view  of  the  important  subject  which 

jeTevV'  "'°-''Vatisfactory.-It  has  already 
-en  explamed  under  Ineutia,  that  tlie  so-called 

?^rJ^M  1  ^  u'-^"  hypothesis  involving  no 
ab?o  u^e  V  ^"'"e'^'ood  as  such,  and  which 
e  S  2^  "xf  •  '  t"^  '°  Dynamical  science 
"rofion        f    f  a  Law  of 

Z;Iw  ";"^^'"r"'"^        "^"^  preliminary 

Ttl  Iwr°-^fT''^^^  clistinguished 
V  John  Klnf  ^'f      ^"""'^'"^  was  discovered 

^  hoZaZ  in  other  words, 

^'"^  ""'^'^      ^'J  «  Pinole  instantaneous 
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Thus,  in  the  force,  moves  constantly  in  a  slraiyht  line  and 
with  an  uniform  velocity.  Various  but  most  futile 
attempts  have  been  made — chiefly  through  mis- 
use of  the  Principle  of  the  Sufficient  Reason— to 
prove  the  absolute  nature  and  necessity  of  this 
Law,  or  to  establish  it  as  an  a  priori  truth; 
whereas  the  very  circumstance,  that — notwith- 
standing the  acuteness  of  the  Greeks,  and  their 
especial  aptitude  as  to  every  form  of  a  priori  in- 
vestigation—the discovery  of  the  Law  fell  so  late 
as  the  times  of  Kepler,  would  seem  enough  to 
class  that  discovery  among  the  fruits  of  slowly 
advancing  observation.    In  fact,  the  discovery 
of  such  a  principle  could  not  be  easy,  inasmuch  as 
we  discern  simple  motion  nowhere  around  us. 
Every  body  that  is  moving,  is  under  the  mflu- 
ence  of  several  forces,  unless  we  except  the  case 
of  falling  bodies,  which  again  are  not  acted  on 
by  an  instantaneous  force ;  nor  can  the  natural 
influence  of  a  single  instantaneous  force  be  eli- 
minated from  any  visible  phenomenon,  unless  by 
considering  the  path  resulting  from  that  force  as 
the  limit  or  asymptote  of  the  paths  actually  passed 
over,  or  by  a  process  of  analysis.    A  projectile, 
for  mstance,  takes  a  parabolic  course,  because  its 
subjection  to  the  laws  of  falling  bodies  combines 
with  the  effect  of  the  impulse.   The  former  effect 
is  constant,  but  the  latter  may  be  varied  mde- 
finitely.    Increase  it,  and  the  parabola  becomes 
wider  and  wider— a  larger  and  larger  portion  of 
It  approaching  to  Identity  with  its  tangent :  if 
the  power  of  the  impulse,  therefore,  were  aug- 
mented indefinitely,— in  other  words,  if  it  were 
infinite,  or  so  great  that  gravitation  might  be 
supposed  relatively  to  disappear,  the  path  of  the 
projectile  would  be  along  the  tangent  or  in  a 
straight  line.    Or,  the  laws  of  faUing  bodies 
understood,  as  well  as  the  third  Law  of  Motion, 
the  complex  path  may  be  analyzed:  if  the  effects 
of  gravitation  be  then  distinguished  and  separated, 
the  residuum  will  be,  a  rectilineal  path  and  an 
uniform  velocity,  as  due  to  the  instantaneous 
force  or  impulse.    In  many  other  ways,  this 
great  Law  of  JSTature  is  indicated ;  but  it  needed 
the  experience  of  ages,  and  the  acuteness  of  such 
a  man  as  Kepler,  to  disentangle  it.— Tlie  second 
Law  of  Motion  is  due  to  Sir  Isaac  Newton.  It 
asserts  the  universal  equality  of  action  and  re- 
action: that  is,  if  one  body  strikes  another,  it 
mil  lose  exactly  the  Same  quantity  of  motion  as  it 
communicates  to  the  body  struck.    (The  term, 
quantity  of  motion,  signifies  the  mass  or  weight 
of  the  body  multiplied  by  the  velocity  with  which 
it  moves.)   This,  also,  is  clearly  the  result  of  an 
universal  experience  or  observation;  nor  have 
attempted  a  priori  demonstrations  been  more  suc- 
cessful in  its  case  than  in  the  former.    It  ought 
to  be  remarked  that  the  famous  Principle  of 
DAlembert,  (see  D'ALEMnum-,  Principle  ov) 
by  whose  aid  all  problems  of  Dynamics  are  so 
readily  transformed  into  mere  problems  of  Statics 
is  nothing  but  a  complete  generalization  of  this 
Law  of  Newton's.    The  principle  in  question 
^89 
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only  states  regarding  any  number  of  connected 
forces,  what  Newton's  Law  asserts  regarding  iwo; 
wliich  mode  of  considering  it,  saves  us  from  the 
necessity  of  placing  reliance  on  certain  very  un- 
satisfactory abstract  speculations  that  are  often 
adduced  as  its  foundation. — The  third  Law  of 
Motion  is  usually  designated  the  Law  of  the 
Composition  of  Motion  or  Forces,  (q.  v.),  dis- 
covered by  Galileo.  In  its  pure  and  simple  form, 
this  law  merely  asserts  that  any  motion  common 
to  anj'  system  of  bodies  whatsoever,  does  not 
alter  the  special  motions  of  the  different  bodies 
of  that  system  with  respect  to  each  other:  or, 
that  if  a  body  is  moving  in  one  direction,  the  addi- 
tion of  some  new  impulse  will  only  superinduce 
its  own  effect,  without  destroying  or  even  modi- 
fying any  tendency  that  previously  existed.  The 
Law,  indeed,  instead  of  being  called  the  Law  of 
1  he  Composition  of  Forces,  should  rather  be  termed 
the  princi2')le  of  the  independence  or  co-existence 
of  motions ;  a  principle  of  wide  reach,  of  which 
the  mere  composition  of  motions  is  but  a  corollary, 
and  that  includes  within  it  the  famous  principle 
of  the  co-existence  of  small  oscillations  (see  Os- 
cillations), which  became  so  powerful  in  the 
hands  of  Daniel  Bernouilli.  There  is  less  difficulty 
in  recognizing  the  principle  as  no^v  stated,  to  be 
the  result  of  universal  obsen'ation,  than  in  the 
case  of  our  first  and  second  Laws.  All  phenomena 
around  us  indicate  its  reality.  The  smooth  motion 
of  a  ship  does  not  derange  the  vessel's  internal 
economy :  nor  are  scientific  experiments  wanting 
to  sustain  its  authority, — for  instance,  Laplace 
showed  that  the  oscillations  of  the  pendulum  are 
the  same,  whatever  the  relation  of  their  plane  to 
the  direction  of  the  rotation  of  the  Earth.  Never- 
theless, not  only  have  elforts  not  been  wanting  to 
■  establish  this  principle  on  abstract  considerations ; 
but  there  is,  perhaps,  no  principle  in  Philosophy 
on  which  so  much  vain  logic  has  been  expended, 
so  that  it  might  appear  based  on  mathematical 
reasoning.  The  higher  analj'sis  even,  has  been 
brought  into  ostentatious  play :  in  every  instance, 
however,  something  ■  has  been  assumed  quite 
equivalent  to  the  Principle  itself.  For  instance, 
Poisson,  in  his  very  mise  en  equation,  takes  it 
for  granted  that  whatever  the  angle  at  which  the 
two  independent  forces  act,  they  must  be  com- 
pounded, in  the  same  way,  to  produce  the  resultant; 
or  that  the  form  of  his  function  cannot  vary 
with  that  angle.  If  this  assumption  be  analyzed, 
the  inmost  nature  of  the  truth  to  be  established 
will  be  found  involved  in  it.— Tliese  Laws,  then, 
ought  to  be  held  as  results  of  universal  Observation. 

licap  Ycnr.  The  true  solar  year  is  nearly 
366^  days  long.  If,  therefore,  we  were  to  date 
our  time  from  ita  commencement,  on  one  year 
our  dav  would  begin,  suppose  at  12  o'clock  at 
night,  'next  year  it  would  begin  at  6  in  the 
morning,  next  at  12,  next  at  6  in  the  evening, 
and  next  again  at  midnight.  There  would  thus 
be  a  constant  rotation  of  the  commencement  of 
the  first  day  of  the  year,  which  would  seriously 
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embarrass  civil  affairs.  In  oiu-  calendars,  there- 
fore, to  remedy  this  main  and  obvious  incon- 
venience, an  entire  day  is  introduced  into  the 
month  of  February  every  fourth  j'ear.  On  every 
fourth  year,  Februarj*  has  twenty-nine  days.  That 
one  of  any  four  successive  years  which  is  hap 
year,  is  the  one  divisible  by  4  without  remainder. 
See  BissKXTiLE. 

Sicast  Squares,  Method  of.  See  Squares, 
THE  Least. 

lieda.  One  of  the  Asteroids  very  recently 
discovered.  See  table  of  recent  Asteroids  in 
Appendix. 

licns.  There  are  ten  different  kinds  of  lenses 
of  the  more  ordinary  spherical  form. — They  are 
represented  m  fig.  1 ;  the  light  being  incident  on 
them  in  the  direction  of  the  arrow — 
— > 
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Fig.  1. 


No.  1.— The  double  convex  or  concavo-convex  lens  — 
which  may  or  may  not  huve  thu  spherical 
sui  taces  of  equal  radii 

2.  — Plano-convex. 

3.  — Con  vexo-plane. 

4.  — Double  concave  or  concavo-concave. 

5.  — P  Ian  o-concave, 

6.  — Concavo-plnne. 

7.  — Convex  meniscus  (moon-sliapcd). 

8.  — Concave  meniscus. 

9.  — Convexo-concave. 
10. — Cuncavo-convcx. 

It  is  necessary  to  specify  the  direction  hi  which 
the  ray  comes  from  the  luminous  point ;  because 
several  of  these  lenses  might  be  interchanged  when 
that  is  altered.  Thus  the  lenses.  No.  7  and  No.  8, 
would  be  exactly  the  same,  if  tlie  ray  fell  upon 
them  from  different  sides.  So  also  Avith  2  and 
3,  with  5  and  6,  and  with  9  and  10.  It  seems, 
therefore,  that  the  following  di%nsion  includes  all 
the  real  forms  of  the  lens,  and  that,  when  we 
wish  to  change,  for  example,  a  lens  No.  2,  into 
a  lens  No.  3,  we  require  simply  to  turn  it  .so  that 
one  surface  shall  be  met  by  the  light,  instead 
of  the  other — 

1.  — The  simple  convex  (Nos.  2  and  3). 

2.  — The  simple  concave  (Nos.  5  and  G). 
3  The  double  convex  (No.  1). 

4.— The  double  concave  (Nos.  4,  7, 8,  9, 10). 

The  latter  lenses,  Nos.  9  and  10,  differ  from  the 
lenses,  Nos.  7  and  8,  simply  in  this,  that  the 
inner  circle  diverges  from  the  outer  in  one  pair> 
wliile  it  converges  to  it  in  the  other. — The  uses 
of  lenses  are  principally  two— to  increase  the 
apparent  magnitude  of  objects  from  which  lumin- 
ous rays  come  (as  described  in  the  articles  Tele- 
scope and  Microscope)  ;  and  to  collect  luminotis 
rays  issuing  from  a  body,  luminous  either  in 
itself  or  by  reflection,  into  a  point  to  which  the 
eye  can  be  conveniently  applied.  The  former  oso 
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hangs  very  much  by  the  latter,  but  wg  shall 

liere  confine  ourselves  to  the  latter  In  each  of 

the  lenses  we  have  enumerated,  a  ray  incident 
ji  at  any  point,  would  pass  through  one  surfiice, 
-from  the  air,  into  the  material  of  the  lens;  and 
,-.  generally  speaking,  next  through  that  material, 

 thus  suffering  two  distinct  refractions  (Di- 

roPTKics),  before  meeting  the  ej-e  To  take 

jththe  simpler  cases  first,  we  shall  imagine  that 
tl:the  lens  consists  of  one  curved  surface  on  which 
I  lithe  ray  is  incident,  and  that  the  point  to  which 
lathe  refracted  rays  converge  is  in  the  interior  of  the 
ierefracting  substance.    It  thus  ceases  to  be 
^aterial,  what  may  be  the  exact  form  of  the 
heecond  lenticular  surface ;  and  we  have  the  simple 
kcase  of  a  ray  incident  upon  a  single  curved  sur- 
face, of  given  refractive  power,  at  a  certain  angle, 
bthe  course  of  which,  through  the  mass  of  refract- 
fctog  substance,  is  required.— We  have  no  species 
Mot  lens  which  will  concentrate,  by  refraction,  all 
lummous  rays  (even  supposing  that  these  rays 
iKonsist  of  homogeneous,  or  equally  refrangible 
Might)  coming  from  points  placed  at  various  dis- 
fcrances  from  it  in  space.    For  one  luminous  point, 
^e  can  construct  one'  surface,  so  that  the  rays 
pispersed  from  that  point  and  incident  upon  that 
pnrface,  shall  converge  to  one  point  within  the 
Itefracting  mass.— As  the  positions  of  pomts  may 
fcJfe  infinitely  varied,  it  would  be  impossible  to 
ppply  simple  geometrical  considerations  to  the 
pMl  question.    One  analytical  expression  might 
Idndeed  be  found  applicable  to  every  case;  but 
It  we  reject  analysis,  we  are  reduced,  in  all  of 
luiemore  complicated  problems,  to  consider  special 
►rases  included  under  the  general  formula,  as  we 
Pjave  found,  for  instance  in  the  article  Dioptrics 
Mwhich  should  be  read  before  this  article),  when 
ktonsidering  the  course  of  rays  passing  through 
Infracting  media,  and  falling  at  the  points  of 
fctocidence  in,  and  emergence  from,  the  medium  in 

l^estion,  upon  planes  not  parallel  The  case 

■rhich  most  frequently  turns  up,  is  that  of 
Niminons  rays  from  the  sun,  moon,  planets,  or 
pxed  stars.  These  bodies  are  so  far  removed  that 
>  re  may  consider  the  rays  from  them  as  parallel. 
P^e  problem  then  is,  to  find  a  lens,  which  shall 
^act,  by  a  single  refraction,  luminous  raj-s 
piUng  parallel  upon  it,  to  a  single  point  in  its 
mass — An  elliptic  lens  is  such  an  one,  that  its 

l«ccentricity  is  equal  to  —  (u  being  the  refractive 

Pndex  of  the  material  of  the  lens).  In  this  case 
1^  le  refracted  rays  converge  to  the  farther  focus  of 
ellipsoid,— the  parallel  rays  falling  upon  the 
fmvex  surface  of  the  ellipsoid.-A  hyperbolic 
LVn  1    *  Pi'operty.     If  a  pencil  of 

pwauel  rays  fall  upon  the  concave  surface  of  a 
pnierboloid,  whose  substance  has  a  refractive 
ptlex,  equal  in  value  to  its  eccentricity,  the 
f^ys  will  be  refracted  to  the  other  focu«  of  the 
fvperboloid— The  converse  of  these  two  proposi- 
P«ns  also  holds,  viz.,  if  rays  diverge  from  the 
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foci,  to  which,  in  the  cases  mentioned,  the 
parallel  rays  converged,  they  will  bo  refracted 
from  the  medium,  as  parallel  rays. — In  this 
most  important  case  then,  ellipsoid  and  hyper- 
boloid  lenses  would  altogether  serve  our  purposes, 
and  might  be  used  with  very  great  advantage  in 
telescopes ;  for  even  although  not  employed  with 
a  view  to  celestial  observations,  the  objects  to 
which  they  would  be  directed  are  nevertheless 
ordinarily  at  such  a  distance,  that  rays  coming 
from  them  might  be  considered  parallel.  But 
it  unfortunately  happens  that  lenses  of  this  precise 
shape  are  of  very  difficult  construction  in  any 
case,  and  especially  so  in  the  larger  and  finer 
instruments.   The  only  possible  form  of  construc- 
tion, is  either  that  of  plane  or  spherical  surfaces. 
The  former  would  produce  no  effect,  however,  of 
use  for  the  purposes  of  a  magnifying  instrument. 
— We  are  at  once  led  therefore  to  consideration 
of  the  refraction  of  homogeneous  light  at  spherical 
surfaces.   Om  first  proposition  is,  that  the  refrac- 
tion, at  a  spherical  surface,  of  rays  from  a  lumin- 
ous point  at  a  distance  from  its  centre  =  /i  times 
the  radius,  is  directed  to  a  point,  the  distance  of 
which  from  the  centre,  will  form  with  the  dis- 
tance of  the  first  luminous  point  from  the  centre, 
a  rectangle  equal  to  the  square  of  the  radius. — 
Let  PAP'  (fig.  2)  be  such  a  sm-face,  and  let  q  o 
=  AO  .     and  Q  o  .  g''  o  =  A  o^,  then  the 
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refracted  rays  will  be  refracted  accurately  to  q' 
(q  being  the  luminous  point  from  which  the  rays 
diverge). 

Since  q  o  .  3'  o  =  a  q' 

Q  o :  o  A  (or  o  p)  : :  o  P  :  O  g' 

Therefore  ^  ==  (vi.  16.) 

QP  2'p 


Now  Q  0  =  AO./t  =  OP  , 


OP   OP 

QP  g'P 

vqr    1 

PQ   ~  ^ 

Let  o  M'  o  M  be  drawn  perpendicular  to  pq  and  p  5 
o  M       Sin  o  p  g' 


ft, .  g'  p  =  Q  p ;  and^ — ?'  =: 


ThenJ^  = 


Sin  o  p  Q 
o  M' .  P  Q  I 


OM' 

But  o  M  .  p  2' 

Since  the  first  two  members  of  this  proportion 
are  equal,  respectively,  to  double  the  area  of  the 
triangles  o  v  q\  o  p  q,  and  since  these  triangles 
are  proportional  to  p  j'^,  and  p  q»,  respectively 
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— we  have,  therefore, 

OM  :  0  M' ::  p  q' 

And  "  " 


PQ 


0  M      Sin  org' 


o  M'     Sin  o  p  Q 

P  Q 

^.^  Siu  o  p  g'  1 

Sin  o  P  Q 


pg' 


Sin  o  p  Q 


Sin  o  p  2'. 

Now  o  p  is  the  perpendicular  to  a  plane  touching 
the  incident  surface  at  p,  and  o  p  Q  is  therefore 
the  angle  of  incidence.  Hence  o  p  g'  is  equal  to 
the  angle  of  refraction,  according  to  the  dioptrical 
law ;  and  the  ray  will  appear  to  an  eye,  within 
the  mass  of  p  p,  as  coming  from  g'  instead  of 
from  Q.  This  will  hold,  evidently,  with  regard 
to  all  the  rays  passing  from  q,  by  parity  of  rea- 
soning (since  nothing  in  the  reasoning,  required  to 
postulate  that  p  q  a  was  any  particular  angle). — 
The  same  proof  holds  for  convex  surfaces  on 
which  rays  are  incident  (as  in  fig.  3).  Kays 


Fig.  3. 

which  have  a  focus  (or  point  of  convergence),  if 
uninterrupted,  at  Q  (o  q  =    .  o  a  as  before), 


will  converge  in  reality  to  q 


Thus  imagine  a  concave  surface  of  glass — the 
radius  of  the  spherical  part  of  which  (o  a,  fig.  2) 
is  1  foot.  Then  OQ=^l-5Xl  =  li  foot. — 
I!ays  then  emerging  from  q  will  be  seen  through 
the  glass,  as  if  coming  from  g',  which  is  deter- 
mined by  the  equation 


^   ,  OA          ^    "ft 

9      OQ       ■"        ^  °° 


1^ 


That  is,  such  rays  will  appear  as  coming  from  a 
point  10  inches  (18 — 8)  nearer  the  spherical  sur- 
face. The  point  q,  however,  is  here  determined 
for  every  glass  surface,  with  the  same  radius  and 
refracting  index. — But  with  any  given  refracting 
surface,  we  have  generally  to  take  account  of 
luminous  rays  coming  from  other  points.  Tlie 
object  cannot  alwaj'S  be  moved  to  a  point  cor- 
responding to  q;  and  we  are  usually  quite  as 
unable  to  move  towards  it,  or  to  go  so  far  towards 
it,  as  to  bring  it  to  the  point  adapted  to  a  given 
lens.  Generally,  moreover,  a  luminous  object 
consists  of  a  series  of  points  rather  than  one,  and 
if  one  be  in  the  position  q,  the  others,  for  that  very 
reason,  are  not  there.  There  will,  therefore,  be — 
as  this  is  the  only  case  of  accurate  refraction  to  an 
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actual  point,  with  spherical  lenses — decomposeJ 
light  in  many  cases,  and  in  still  more  homogeneous 
light  dispersed.  To  this  is  owing  the  formation  of 
the  caustic  curve  (Caustic),  and  much  of  the  dis- 
armngeiuent  which  requires  achromatic  applica- 
tions.— In  the  problem  just  treated,  the  luminous 
point  could  not  be  at  a  great  distance  from  the  lens, 
for  Q  o  =  .  0  a  and  ^,  in  the  case  of  mercury, 
the  most  refrangent  substance  in  the  table,  is  less  i 
than  6.  o  Q  would  therefore  be  less  than  6  o  a, 
and  Q  A  less  than  7  o  a. — Suppose  p  p'  to 
grow  less  and  less  cur^'ed.  It  would  do  so, 
evidently,  by  o  being  removed  along  A  o  from 
A ;  now,  if  finallj',  A  o  came  to  be  an  indefinitely 
great  distance,  pap'  would  be  very  nearly  a 
flat  surface,  q  a,  therefore,  being  greater  than  ij 
o  A,  would  also  be  very  large;  and  rays  proceeding 
from  Q  might  be  conceived  parallel,  as  in  the  case 
of  the  solar  or  astral  rays.  This  peculiar  lens,  a 
lens  with  a  plane  surface,  would  therefore  have 
the  foregoing  proposition  applicable  to  it,  for  the 
most  usual  case  of  Solar  or  astral  light.  Let  us 
apply  it. 


A02 

Q  O 


AO 

q'  O  =    =   .  A  O  = 

Q  O 


.AO 


J. 


Q  O 


Q  O 


Hence,  if  q  be  indefinitely  distant,  the  focus 
from  which  the  refracted  rays  would  seem  to 
emerge,  would  also  be  at  a  very  great  distance, 
since  n."^  could  not  be  greater  than  3G.  A 
proposition  which  gives  us  no  very  valuable 
information. — We  pass  now  to  consider  the 
case  of  Solar  light  incident  upon  concave  or  con- 
vex spherical  lens  surfaces,  and  to  seek  the  focus 
of  accurate  reflection,  if  it  may  be  obtained. — Let 
the  rays  s  p  and  s  A  be  solar  or  astral  rays,  inci- 
dent (figs.  4  and  5)  npon  spherical  lenticular 


IP' 

Fig.  4. 

surfaces,  of  which,  with  air,  {a.  is  the  relative 
refractive  mdex.  Let  <i'  be  the  point,  as  in  the 
former  case,  where  the  unrefracted  ray  (falling 
upon  the  surface  perpendicularly)  meets  the 
refracted  ray  p  g'.  Draw  pom  through  p  and 
o  and  q'  Jt  perpendicular  to  it,  then  o  p  s  = 
p  o  A  —  Ji  o  g' 

now  Sin  Ji  o  g'  =  Sin  t  =       ;  and  Sm  yT  o 
^  o  g 

=  Sin  i-  =  "     hence  ^  =  z^,  therefore 
q'  V  Sui  t' 

dividing,  u.  =  • 
o  2' 
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'  Tence,  in  order  to  find  the  point  we  require  to 
describe  upon  the  base  o  p,  a  triangle  whose 
sides  shall  have  the  constant  ratio  and  which 
ishall  have  one  of  its  sides  in  the  direction  a  o  q'. 
:  It  would  not  be  difficult  to  show  that  for  each 
ibase  o  p  (drawn  from  o  to  the  various  points  of 
the  surface)  we  should  have  a  different  point  q' 
It  follows  that  in  this  case  the  ray  will  not  be 
concentrated  to  one  point,  because  the  same  thing 
happens  to  the  rays  below  o  a',  which  would 
therefore  intersect  each  other — if  at  all— either 
hove  o  q'  or  bej'ond  A  p',  while  the  correspond- 
g  rays  above  would  intersect  below  o  q'  or 
yond  A  p — The  raj'S  near  A,  on  both  sides, 
will  give  q'  p  and  q'  x  very  nearly  equal  (because 
p  and  A  become  nearly  the  same  point),  and  o  p 
and  OA  nearly  coincide.  Hence,  for  such  rays 
q'  A 

«  e  have  this  law  =  fi.     The  point  q' 

will  therefore  concentrate  a  thin  pencil  of  rays. 
WTien  the  light  comes  from  the  sun  the  length, 
2' A,  is  called  Hh^  principal  focal  length  of  the 
refracting  surface.  The  focal  length  varies  (being 
qual  to  the  distance  of  the  point  q',  which  varies 
li  we  have  seen  for  each  point  p,  from  a),  but 

q'  a 

the  length  q' x,  found  by  the  equation  ~ —  =  ft 

is  that  to  which  all  ultimately  approach,  and 
iherefore  has  its  name.    Call  q'  a  =/'", 


then 


f'-r 

(^— l)/'  =  ^r 
f'—  f^"^ 

rhns,  in  a  lens  of  glass,  with  refractive  index 

L-5,  and  radius  1  foot,/'  =  =  3  feet  

2 

Precisely  the  same  result  is  obtained  in  the 
;ase  (fig.  5)  which  we  give  here,  that  the 
•tudent  may  compare  the  proof  with  this  figure, 


 <  

V 

Fig.  5. 

n  order  that  he  may  observe,  that  nothing  de- 
lending  upon  the  circumstance  of  the  concavity 
T  convexity  being  turned  towards  the  luminous 
■encil  can  alter  the  length  of  the  principal 
ocal  distance— We  shall  now  revert  to  the  more 
leneral  case  of  the  incidence  of  diverginn  rays 
ipon  a  spherical  medium,  and  endeavour  to  get 
«u  ts  analogous  to  those  just  obtained.  Imagine 
lie  Oiverging  point  situate  anvwhere,  and  depend- 
"g  in  no  degree  upon  ^.  Then 


Sin  r\  "P  n 

<3  0 

Sin  p  0  Q 

<J  P 

Sin  voq' 

q'  P 

Sin  ov(^ 

0 

.  Sin  0  p  Q 

Q  0  q'v 

Sin  OP  J' 

Q  P  '  q'O 

but 


Sin  o  p  Q 


 QO 

QP 


q'O 


Sin  o  p  2'' 

q'O     Q  o 

2'P       Q  P 

But,  for  the  sama  reasons  as  before,  if  p  and  a 
approach  veiy  close,  we  shall  have  ([s  and  0  p 
becoming  equal  to  q'  a  and  q  a 

q'O   Q  o 

' "      g'A      Q  A 

Making  q  a  =  m,  g'  a  =  m'  and  o  A  =  r,  we 
have  2'  o  =  M'  —  ?■,  Q  o  =  M  —  r 


u  —  r 


u'  —  r 


u  u' 
.'.  u  u'  —  u'  r  =  ft  u  ti'  —  ju,  u  r 

Divide  by  uu'r,  then  —  =  —  — 

r        u        r  u 


u' 


+ 


1 


which  gives        ,  and  as  «  is  known  for  ea-'h 
u 

special  case,  u'  is  determined.—  In  this  case  of  tJ:e 
concave  surface  then,  we  obtain  the  point  froci 
which  the  luminous  rays  will  appear  to  diverge. 
If  we  take  the  case  of  a  convex  lens,  instead  of  a 
concave,  q  A  or  w  has  changed  its  position  relative 

to  the  surface,  and  will,  therefore,  be  marked  u 

in  the  application  of  the  formula.  Sometimes  in 
this  case,  the  rays,  originally  dispersing,  are  made 
to  converge  downwards,  so  as  to  intersect  in  one 
point ;  sometimes,  on  the  other  hand,  they  still 
continue  to  diverge,  though  less  than  before.  In 
the  latter  case  the  term  u'  also  changes  in  direc- 
tion— being  on  the  same  side  of  a  with  n,  as 
before.  In  the  former  it  does  not,  but  takes  the 
opposite  direction,  commencing  from  a,  to  that 

of  21.    In  the  first  case,  therefore,  ■      ^  — 


—  1 


1 

—  ,or 
u 


u' 


1_ 

u 


^-1 


In  the  second  case,  we  have 
fi  ^  —  1 


u'  r  u 

Remembering  that /'  (the  principal  focal  length), 
which  is  considered  as  a  fixed  point  in  the  system 

4y3 


of  every  lenticular  surface  = 
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we  have 


_  I"- 


A*  it     ,      1       .     ,  . 

•••   V   ^  7^  +  V  '^"^thepnn- 

cipal  formula  just  found. — la  the  case  of  a  con- 
verging, instead  of  a  diverging  pencil,  incident 
on  a  concave  surface,  we  have  r  changing  its 
direction  in  effect,  and  the  formula  becomes 


u' 


■+ 


1^ 

u' 


For  a  plane  surface,  r  is  infinite,  and 

=0 

r 

whence  /a  u  =  u'. 

For  parallel  rays  incident  on  a  concave  surface, 
Q  is  at  an  infinite  distance  (i.e.),  u  is  infinite,  and 

f£  U    1 


— We  shall  not  pursue  the  subject  of  the  di- 
optrical efiect  of  single  spherical  surfaces  on 

homogeneous  light  further  at  present  We  pass 

to  consider  the  effect  of  the  various  kinds  of 
lenses,  through  which  there  is  a  second  refraction 

of  the  luminous  rays  In  doing  so,  it  is  usual  to 

imagine  the  thickness  of  the  lens  so  small  that 
it  may  be  safely  disregarded.  In  an  accurate 
determination  of  the  complete  effect,  this  would 
require  to  be  taken  into  account ;  but  unless  we 
employ  the  principles  of  the  higher  mathematics, 
such  a  determination  is  impossible. — We  shall 
not  consider  here,  the  effect  of  a  lens  upon 
ordinary  white  light  (Aciiuomatism),  but  con- 
sider, as  in  the  article  Dioptrics,  the  light 

as  homogeneous,  or  of  equal  refrangibility  .The 

discovery  of  the  effects  of  lenses  upon  light  from 
points  at  any  position,  is  the  most  general  pro- 
blem ;  that  upon  light  consisting  of  parallel  rays 
is  at  once  the  most  important  and  the  simplest. 
The  focus  of  a  lens  is  the  point  to  which  all  the 
rays  emerging  from  a  given  luminous  point, 
actually  converge ;  or,  in  the  case  of  raj's  which 
diverge  after  refraction,  the  point  from  which 
they  seem,  to  an  eye  behind  the  lens,  to  proceed 
instead  of  from  the  actual  luminous  point. 
The  principal  focus  of  a  lens  is  the  point  to 
which  rays  incident  in  a  direction  parallel  to  the 
axis  of  the  lens  (the  perpendicular  through  its 
middle  to  its  two  surfaces),  and  incident  upon  a 
small  space  of  the  lens,  or  a  small  angular  sjiaco 
of  the  circle  of  which  the  whole  lens  is  a  segment, 
tend  to  converge.  We  shall  not  give  detailed  in- 
vestigations for  the  various  forms  of  lenses.  The 
principles  upon  which  these  are  conducted  are 
precisely  such  as  are  employed  in  the  investiga- 
tions already  gone  over.  At  the  one  surface  of  tlie 
lens,  tlie  rays  are  refracted,  and  pass  through  its 


mass  in  a  given  direction.  We  have  thus  new  rays 
of  light,  moving  in  a  definite  direction — the  one 
just  found — and  towards  a  definite  point,  also 
found  by  that  investigation.  The  question  is  thus 
simply  repeated.  The  rays,  so  directed,  have  to 
emerge  into  a  rarer  medium  (or  denser,  as  the  case 
may  be)  at  another  spherical  surface,  the  relative 
refractive  index  of  which  and  the  matter  com- 
prising the  lens  are  well  enough  known ;  and  this 
problem  has  been  already  in  effect  solved.  We 
aim  rather  at  giving  principles  than  at  detailing 
processes,  and  shall  therefore  avoid  the  repetition 
of  those  already  indicated.  The  results  will 
be  useful,  however,  and  we  give  them. — The 
simplest  case  is  that  of  a  plano-convex  lens  (fig. 
1,  No.  2).  Eaj's,  as  of  astral  or  solar  light,  in- 
cident, parallel  to  the  axis,  fall  perpendicularly 
on  the  first  refracting  surface.  They  so  fall, 
therefore,  and  pass  through  the  substance  of  the 
lens,  unaltered  in  direction.  We  have  here, 
therefore,  only  one  application  of  the  principles 
of  refraction ; — we  have  only  to  consider  the 
original  parallel  rays,  as  coming  through  thdr 
whole  course,  through  the  medium  of  the  sub- 
stance of  the  lens,  and  entering  the  air  or  water, 
or  whatever  other  translucent  substance  the 
lens  may  be  surrounded  hy.  According  to  the 
investigation  already  given,  then  we  have  for 
that  case,  making  b  f  =  /;  and  the  radius  o  b 

of  the  convex  lens,  =  r,  f=   -.  If, 

now,  r  be  two  feet,  and  the  lens  be  made  of  glass 
(refractive  index  1'6),  surrounded  by  air,  we 
2 

shall  have  f  =  — |- 

case,  of  a  convexo-plane  lens  (fig.  1,  No.  3),  (the 
same  lens,  having  its  spherical  side  turned  to 
meet  the  parallel  rays),  with  the  raj-s  parallel  as 
before,  we  have  this  result,  where  ab,  the  thick- 
ness of  the  lens  is  taken  into  consideration,  and 
where  b  f  =y  as  before 

f  r 

If,  as  is  usuallv  the  case,  — ^  be  very  small,  and. 

-1 


4  feet  —  In  the  reverse 


+ 


verv  much  smaller  than 


(ji  —  1  being  generally  less  than  1,  and  r  greater 
than  1),  we  obtain  —  =  ^  ^  .  The  same 
result  exactly,  is  obtained  by  neglecting  the  thick- 


ness t. — Since  therefore 


r 

.-1 


/  r    -  fi- 

quite  as  before.  It  would  appear,  then,  that  the 
two  lenses  are  verj'  nearly  of  the  same  valnC) 
as  far  as  their  focal  distance  goes.  It  is  readily 
seen  hoAv  this  must  be  so.  If  we  imagine  <  W 
be  small,  as  we  did  in  the  first  case,  or  to  vanish 
as  we  did  in  the  second,  we  get  the  ray  strik- 
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ing  upon  p  Q,  at  a  point  so  very  little  below 
that  at  which  it  would  have  strucic,  if  it  had  gone 
on  unrefracted,  that  Avhen  it  continues  its  course, 
ii  it  might  be  easily  considered  as  having  continued 
ii  its  course  from  that  point  instead  of  from  that  at 
» which  it  does  really  strike  on  the  plane  surface 
ix  of  the  lens.  When  we  do  take  into  account  the 
tl  thickness  of  the  lens,  if  it  bear  any  considerable 
p  proportion  to  the  radius  of  the  spherical  surface, 
a  a  different  result  from  the  former  is  undoubtedly 
produced.    Thus,  let  r  =  2  feet,  /^=l-5  and 

<  =  6  inches,  then  _!—  =  J_  _!_  ^ 
/  4  ^  T 


JL_ 
4 


13 
48 


and/  = 


48 
13 


or  3f  feet  nearly. 


he  focal  distance  is  therefore  shortened  by  this 
;augement  of  the  glass.    In  the  other,  it  was 
uite  immaterial  how  thick  the  glass  might  be. 
effect  was  produced  upon  the  focal  length.' 


flere  the  thicker  the  glass,  the  greater 


comes,  and  theriffore  the  less,  f,  becomes.— 
here  13  a  considerable  effect,  moreoVer,  due  to  this 
-ange  of  focal  length,  from  the  chromatic  dis- 
ersion  of  the  rays  of  light— The  principal'focal 
gth  of  a  double  concave  lens  is  expressed  by 


formula 
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tho  lens  to  diverge,  or  to  which  they  will  appeal 
to  converge— To  take  an  example  of  the  various 
cases  just  enumerated,  imagine  two  lenses,  the  one 
double  concave  and  the  other  double  convex,  the 
thickness  of  each  of  which  is  two  inches— the  re- 
fractive index  1-5,  the  radii  of  the  two  surfaces, 
five  and  six  inches  respectively.  Then,  for  the 
double  concave  lens — 

=  — 4- — a-  — -  ii  I    *  59 

60  "T  3        100  —  60  +  300  300 

.  r      300      ^  ,  ,  , 
-  -  J  =       =  0  jL.  inches  nearly ; 

For  the  double  convex  lens  

7  =  Y(i  +        i|  (4-)' 


ii_ 

6(7 


4+  ' 


100 


11 

60 


_4_ 
300 


51 

300 


.  300 
■  •  /  =         =  5/^  nearly. 


If  t,  uistead  of  being,  as  here,  two  inches,  be 
sufficiently  small  to  be  neglected,  then 

=  -gQ-)  and/=  5-3^  inches. 

The  principal  focal  length  of  a  convex  meniscus 
lens  (No.  7,  fig.  1)  is  expressed  by  the  following 
formula : — 


T=0.-.,(i  +  i) 


^         ^  radius  of  the  one,  and 

of  the  other  spherical  surface,  ba  being  the 
_  ckness  t.  This  lens  causes  the  parallel  rays  to 
Terge,  and  the  focus  here  is  the  point  from  which 
;ey  appear  to  come.— With  a  double  convex 
i  the  expression  for  the  principal  focal  length  is 


r 


This  lens  makeS;  however,  the 


urallel  rays  converge  instead  of  diverging  If 

le  thickness  be  very  small,  so  much  so  that  it 
-ybe  neglected,  we  find  the  following  values  for 
">  two  cases :— For  the  double  concave. 


« the  double  convex, 

le  focal  length  is  therefore  the  same-thc  dif- 
«nce  of  convexity  and  concavity  merely  sufHc- 
to  determine  whether  tho  focus  be  the  point 
m  which  the  rays  will  appear  to  an  eye  behind 

■] 


For  a  concavo-concave  glass  (fig.  1,  No.  10)  we 
have 

The  other  cases  (fig.  1,  Nos.  8,  9,  6,  5),  have 
analogous  formulae,  according  to  the  various  modi- 
fications of  the  circumstances  in  which  the  lumin- 
ous rays  are  incident  at  first,  and  finally  emergent 
from  their  various  surfaces. — We  now  see  how 
the  various  principal  focal  lengths  depend  upon 
fi.     The  problem  of  achromatism  is  this, — to 
arrange  several  lenses,  so  that  the  ultimate  point 
of  convergence  will  be  the  same  for  different 
but  known  values  of  /x.    For  any  one  given  form 
of  lens,  in  most  of  the  formula)  given,  there  would 
be  one  focal  distance  corresponding  to  every  value 
of  the  refractive  index.    Hence  the  violet  of  a 
pencil  of  white  liglit  would  be  sent  to  one  prin- 
cipal focus,  and  tlic  red  rays  and  those  at  the 
other  end  of  tho  prismatic  spectrum  would  bo 
sent  to  another.    In  some  of  the  formula;  indeed, 
where  /n,  is  found  both  in  the  numerator  and  the 
denominator,  two  values  of  it  might  bo  found 
which  would  lead  to  the  same  principal  focal 
length.    But  supposing  these  to  be  suited  to  the 
values  of  /t*  for  the  red  and  tho  violet  rays  wo 
95 
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should  stai  have  the  intermediate  rays  of  the 
spectrum,  with  different  values,  so  that  achrom- 
atism would  still  be  unattained.  The  introduc- 
tion of  tAvo  or  more  lenses  remedies  the  evil  so 
iar.  Imagine  rays  coming  from  one  point,  in 
one  direction  to  be  incident  upon  a  given  lens, — 
tliey  become  separated,  so  as  to  appear  emergent 
from  different  points,  one  for  each  different  re- 
frangibility  of  the  prismatic  raj-s.  If  now,  these 
separated  rays  came  from  one  point  upon  the 
second  lens,  we  should  have  the  very  same  effect 
as  a  reseparation  of  the  constituent  lights ;  but 
falling  as  they  will  now  do,  in  different  direc- 
tions upon  the  lens,  that  lens  may  be  so  arranged 
that  they  shall  be  reconcentrated.  With  some 
lenses,  for  example,  the  greater  the  refractive 
index  is,  the  larger  the  principal  focal  length ; 
Avith  others  again,  the  greater  the  refractive  in- 
dex, the  smaller  the  principal  focal  length,  under 
certain  limitations.  Some  lenses,  as  we  have 
seen,  throw  parallel  light  falling  upon  them  back, 
upon  a  point  before  them.  Others,  on  the  con- 
trary, carry  it  forward  to  convergence  at  a  point 
behind  them.  Taking  these  facts,  in  conjunction 
with  that  readily  established,  that  the  refrangi- 
bilities  of  any  one  kind  of  substance  are  not  pro- 
portional to  those  of  any  other,  for  the  different 
rays,  as  for  example, — 

Eefractive  index  at  b  for  Crown  Glass,  No.  1 3 


Refi-active  index  at  b  for  Flint  Glass,  No.  13, 
is  not  equal  to^ 

Eefractive  index  at  h  for  Crown  Glass,  No.  13 
Eefractive  mdex  at  h  for  FUnt  Glass,  No.  13 ; 

we  may  understand  the  principles  upon  which 
practical  opticians  found  improveinents  in  achro- 
matism. Their  aim  is  simply  to  obtain  glasses, 
which,  while  serving  to  make  rays,  converge 
or  diverge,  will  make  the  rays  of  different  re- 
frangibility,  converge  to  or  diverge  from  the  same 
points — In  treating  of  achromatism  we  have 
found  ourselves  brought  into  contact  with  the 
more  general  case,  of  the  use  of  lenses.  Although, 
for  example,  the  rays  incident  upon  the  first  sur- 
face are  parallel,  they  diverge  or  converge  before 
reaching  the  second,  and  fall  upon  it  in  all  possible 
directions.  We  must  examine,  therefore,  if  there 
be  any  new  principle  involved  in  the  case  of  rays 
diverging  from  or  converging  to  a  point,  not  so 
far  distant  from  the  lens  as  to  be  considered  par- 
allel to  it,  whicli  has  not  yet  been  considered. — 
The  case  is  very  much,  in  fact,  the  same  as 
before.  The  consideration  of  the  principles  deter- 
mining the  refraction  of  converging  or  diverging 
rays  into  a  medium,  bounded  by  a  s])herical  sur- 
face, has  already  been  taken  up.  This  is  exactly 
the  case  of  the  incident  rays  before  us.  When  pass- 
ing through  it,  they  may  be  parallel  to  the  axis  of 
the  lens,  or  converging  or  diverging.  If  the  for- 
mer, the  case  of  parallel  rays,  emergent  from  a 
medium  bounded  by  a  spherical  surface,  is  exactly 
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the  same  as  that  of  parallel  rays  incident  upon  a 
medium  (the  substance  into  which  they  emerge), 
which  is  likewise  bounded  by  a  spherical  surface, 
turned  in  the  opposite  direction.  We  have  already 
considered  this.  If  the  latter,  the  case  of  emer- 
gent rays  and  of  incident  rays  is  exactly  the 
same  in  such  circumstances.  It  follows,  there-  ; 
fore,  that  no  new  principle  is  involved  in  the 
case  just  introduced.    We  prefer  to  give  a  few 

results  rather  than  processes  here  also  The 

following  formula  expresses  the  length  of  the 
focus  of  emergent  rays,  when  a  small  pencU  of 
diverging  rays  is  incident  on  a  double  convex 
lens.  Let  r  be  the  radius  of  the  first  and  r'  of 
the  second  lens,  q  the  centre  of  emission  o" 
light,  and  q'  the  focus  of  the  rays  while  passing 
through  the  lens.  Call  q  the  focus  of  the  rays 
as  finally  emergent,  and  let  q  a  =  u,  q'  a  =  u', 

qB  =  v,  and  a  B  =    then^  =  (ft.  —  1)  X 
the  principal  focal  length,  we  have  i  = 

_  A  1  ±  (tul  -  IV 

We  have  for  the  other  most  frequent  case  of  th 
double concavelens  —  =      4-  — I-  X 


may  be  solved  upon  the  same  principles  as  thesei 
Their  fomiulaj  may  be  deduced  from  the  formula 
here  given,  by  introducing  the  appropriate  varia- 
tions for  the  values  of  r,  r',  &c. — For  example 
a  convex  meniscus  (No.  7,  fig.  1),  may  be  con- 
sidered to  be  a  double  convex  lens,  whose  radius 


B 
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Fig.  6. 


r',  is  negative  instead  of  positive,  and  where  i 
occurs  in  the  expression  we  should  have  siraph 
to  add  instead  of  subtracting,  and  subtree 
instead  of  adding.  With  a  convexo-plane  len 
(No.  3,  fig.  1),  we  should  have  r'  infinite,  be 
cause  the  plane  may  be  considered  as  a  sphe^ 
ical  surface  with  an  infinite  radius.  With  f 
plano-convex  lens  again,  we  have  r  negativ 
and  r'  positive,  and  so  on.  All  the  cases  there 
fore  of  spherical  lenses  may  be  solved  hy  the  em 
ployment  of  the  foregoing  fornndas,  by  mean 
of  the  proper  substitutions; — one  of  which  if 
in  fact,  deducible  from  the  otlier,  by  the  sBxa 
method.    The  circles  of  the  double  concave  w 
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just  those  of  the  double  convex  turned,  and 
those  of  the  double  convex  have  the  same 
relation  to  those  of  the  double  concave.  Hence, 
if  in  the  formula  for  the  one  we  substitute 
—  r  and  —  r'  for  r  and  r',  we  shall  find  a  for- 
mula applicable  to  the  other. — The  same  method 
of  substitution  would  enable  us  to  deduce  all  the 
cases  considered,  from  the  general  one  of  incidence 
of  diverging  or  converging  pencils  upon  a  double 
■  convex  or  concave  lens.    If  the  rays  be  parallel, 
>  we  have  to  express  that,  in  the  general  formula, 
s  substituting  for  the  indefinite  distance  «,  the 

it  infinite  value,  and  having  therefore        =o.  If 

u 

parallel  rays  be  incident  on  or  emergent  from  the 
various  kind  of  lenses,  we  have  merely  to  take 
the  two  systems  of  substitution  now  indicated, 
together,  instead  of  apart — Still  another  case  re- 
I  mains  for  consideration,  however  much  more  com- 
iplex  in  the  mathematical  processes  necessary  for 
:it3  solution,  yet  not  in  the  least  involving  any 
idifferent  physical  principle.— It  will  have  been 
iremarked,  that  whenever  we  treated  of  the  effects 
'of  lenses  upon  light,  the  light  was  either  parallel 
'to  the  axis  (the  peri^endicular  to  the  two  len- 
:ticular  surfaces  at  the  middle  of  the  lens),  or 
lemitted  from  a  point  in  the  line  of  that  axis. 
'Now  this  is  by  far  the  most  usual  case.    But  no 
•bject  consists  of  one  point  alone,  capable  of 
leing  placed  in  the  axis  of  the  telescope,  and 
!xcept  in  the  case  of  stars,  we  have  few  which 
ippear  to  consist  of  a  mere  point  of  light.  For 
he  sun  and  moon  and  planets,  and  for  distant 
terrestrial  objects,  and  to  an  extent  yet  almost 
inappreciable,  for  those  stars  which  have  a  paral- 
lax, we  must  consider  light  falling  upon  our 
lenses  in  directions  other  than  that  of  the  axis, 
observations  upon  the  stars  themselves  it  is 
qnently  necessary  (as  for  double  stars),  to  ob- 
irve  two  or  more  at  once,  and  in  this  case  also, 
)nly  one  can  give  such  rays  as  we  have  already 
;reated  of.    We  shall  therefore  give  very  shortly 
le  formulEE  for  pencils  of  oblique  light,  falling 
ipon,  and  refracted  by  lenticular  surfaces.— But 
ve  must  offer  first  a  definition.    The  centre  of  a 
ins  IS  the  point  where  a  line  joining  the  extrem- 
les  of  two  parallel  radii  of  its  spherical  surfaces, 
luts  the  axis  of  the  lens.  — One  proposition 
len,  of  considerable  importance  in  connection 
itn  this  problem  is,  that  one  focus  is  always  in 
ne  line  joining  the  centre  of  the  lens  with  the 
itre  of  emission  of  light.    In  the  case  of  a  tele- 
pe,  some  of  the  oblique  ravs  will  generally  be 
^  itercepted  by  the  rim  of  the'  tele:*copc  however, 
ina  this  result  will  not  be  accurately  produced.— 
if  the  pencd  of  oblique  light  be  not  much  inclined 

•lllpl  L"'"'  °n  ^•'^  ^"^'^l  '«"g'»i  f«r  par- 

nZo  T  "'^"'^d,  and  at  a  dis- 

Tdn,.Kr   "  =-^'  f"'"     ^°"Wo  convex 

^double  concave  lens-and  therefore,  since  all 

,«r        n  as  particular  cases  of 

^^l7  ^«  "lay  fin'l  the 

•ai  length,  by  describing  from  the  centre,  a 
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small  arc  with  a  radius  =  /,  which  will  give  the 
focus  of  all  the  principal  focal  lengths  for  small 
obliquities. — We  have  for  diverging  pencils  tlie 
following  focal  lengths : — 

These  are  the  principal  cases  of  ordinary  lenses, 
which  come  properly  under  our  notice. — Another 
interesting  question,  merits  notice, — required 


Fig.  7. 

the  focus  of  a  refracting  sphere.  We  have 
already  considered  the  focus  for  a  spherical 
surface,  prolonged  indefinitely,  but  in  this  case 
we  have  a  twofold  refraction,  at  incidence 
and  emergence,  as  with  an  ordinary  lens.  The 
expression  obtained  for  it  is  the  following, 

for  parallel  rays  qo  =  — —  where  g-  o  is 

the  distance  of  the  focus  of  the  refracted  rays 
from  the  centre  of  refraction. — The  case  of  a  re- 
fracting sphere,  on  which  the  incident  rays  are 
converging  instead  of  parallel,  gives  expres- 
sions precisely  analogous  to  some  of  those  for 

convex  lenses.  —  =  ~ —  —,  where  7  is  the 

q  f  »  ^ 
distance  of  the  focus  of  refraction  fi-om  the  centre 
of  the  sphere  as  before,  /  the  principal  focal 
length  determined  above,  and  d  the  distance  of 
the  centre  of  emission  of  light  from  the  cen- 
tre of  the  sphere. — This  formula,  applied  to 
the  case  of  rays  from  an  infinite  distance  would 
1  1 

g'^e  —  =  — ,  and  q  =f^  as  it  ought  to  do. 

—We  have  thus  seen  how  lenses  operate  in  mak- 
ing rays  from  a  point  converge  or  diverge,  and 
we  have  further  considered  the  case  of  rays  falling 
obliquely  on  a  surface  instead  of,  as  usual,  parallel 
to  the  axis.  We  required  to  do  this,  principally 
because  the  objects  we  usually  have  to  examine 
through  lenses,  are  not  points,  but  made  up  of  a 
series  of  points,  forming  themselves  into  surfaces 
or  lines.  It  is  interesting  to  trace  the  effect  upon 
the  various  points  which  make  up  these  lines 
together,  in  order  to  discover  what  image  is  pro- 
duced by  any  given  lens,  of  a  given  object,  and 
at  what  point  or  line  or  surface  it  is  produced. 
The  theory  of  microscopes  and  telescopes  entirely 
depends  upon  the  problem  now  indicated.  Wo 
can  do  little  more  than  allude  to  it.  Suppose  we 
desire  to  find  the  image  produced  by  a  spherical 
surface,  of  an  object  which  constitutes  a  cir- 
cular arc  concentric  with  the  surface.  We  have 
found  what  would  bo  the  focal  distance  of  rays 
coming  from  any  one  point  of  it  when  tho 
7  2  K 


LEN 


LEV 


rays  are  incident  perpendicularly  upon  the  sur- 
face; and  as  the  object  is  a  circular  arc  con- 
centric with  the  spherical  surface,  the  line  from 
every  point  to  the  centre  of  the  spherical  surface, 
is  perpendicular  to  that  surface.  As,  further,  the 
distances  of  the  various  successive  points  from  the 
centre  of  the  surface  are  the  same,  and  as  it  is 
upon  this  distance  that  the  ultimate  position  of 
the  focus  (or  point,  to  which,  the  ray  is  refracted, 
or,  from  which,  it  appears  to  come)  depends, 
the  distance  of  that  focus  from  the  centre  of  the 
surface  will  be  the  same,  for  every  point,  and 
therefore  the  arc  will  appear  as  a  concentric 
spherical  arc  also,  magnified  or  diminished  in 
proportion  of  the  distance  of  one  of  the  foci 
from  the  centre,  to  the  distance  of  the  point  to 
which  it  corresponds  from  the  centre. — The  image 
by  reflection  of  an  arc,  concentric  with  the  spheri- 
cal part  on  which  the  rays  from  it  directly  fall,  is 
also  proved  to  be  circular,  and  the  expression 
for  its  magnitude,  compared  with  that  of  the 

object,  is  ?-^^n'',  oQ  being  the  distance  of 
r 

the  object  from  the  centre  of  the  lens ;  and  r  the 
radius  of  the  lens  which  is  considered.  There 
are  two  cases,  as  the  image  and  the  object  are 
placed  on  opposite  sides  of  the  lenticular  surface, 
or  upon  the  same  side. 

lieuses,  Aplaiiatic.  A  name  given  to  lenses 
that  practically  destroy  the  effects  of  spherical 
Aberration.  In  no  single  lens  can  this  aberra- 
tion be  made  less  than  1-07  of  the  thickness  of 
the  lens ;  but,  by  combinations  of  lenses,  it  may 
be  much  further  reduced.  Sir  John  Herschel 
has  pointed  out  that,  by  the  substitution  of  two 
plano-convex  lenses  with  their  convexities  turned 
towards  each  other,  the  aberration  may  be  reduced 
to  one-fourth  of  the  foregoing  amount,  provided 
the  focal  length  of  one  lens  be  2  3  times  that  of 
the  other. 


JjcnseB,  Fresncl's.   See  Phatios. 

lico.  One  of  the  Zodiacal  constellations.  Tt 
commemorates  the  Nemajan  lion  which  Hercules 
slew.  A  line  passes  nearly  through  A  returns,  and 
the  bright  stars,  Eegulus  (a,  Leonis,  of  the  first 
magnitude),  and  Deneb  (fi,  Leonis,  between  that 
and  the  second),  which  are  the  brightest,  and 
the  next  brightest  of  the  constellation.  A  line 
through  Deneb  and  the  Pole  Star  passes  through 
the  lowest  of  those  in  the  Great  Bear  (y  Ursse 
Majoris).    The  sign  of  Leo  in  the  Zodiac  is  Q  . 

liCo  Minor.  One  of  the  constellations  marked 
by  Hevelius.  It  is  surrounded  by  Leo,  Cancer, 
Lynx,  and  Ursa  Major.    It  has  no  large  stars. 

I^epiis.  One  of  the  old  constellations  directly 
under  Orion.  Its  chief  stars  a,  /3,  y,  Leporis, 
are  of  the  third  magnitude. 

Licvel.  A  most  important  instrument  in  all 
practical  sciences  whose  operations  are  dependent 
upon  a  correct  determination  of  the  horizontal  or 
vertical  point.  In  the  olden  times  of  Practical 
Astronomy,  the  vertical  point  was  usually  ascer- 
tained by  the  plummet,  by  aid  of  the  contrivance 
termed  Ramsden's  Ghosts ;  subsequently  the 
method  of  direct  and  reflected  observation  was 
resorted  to ;  and  quite  recently  a  preference  has 
been  given  to  Bohnenberger's  happy  conception 
as  explained  under  Circle.  Nothing,  certainly, 
can  exceed  a  long  plummet  in  delicacy ;  but  it  is 
not  convenient  of  application,  and  its  oscillations 
do  not  cease  soon.  It  is  also  frequently  requisite 
to  determine  a  horizontal  or  level  line,  when 
neither  of  the  other  methods  can  be  employed. 
It  is  necessary,  therefore,  that  we  resort  to  the 
spirit  level;  nor  is  this  any  longer  a  hardship, 
on  account  of  the  almost  wonderful  perfection 
with  which  our  great  Artists  have  succeeded  in 
endowing  this  instrument.  The  general  character 
of  a  spirit  level,  as  it  is  now  used,  is  represented 
in  the  subjoined  cut.    The  tube  b  b  is  of  brass. 
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moveable  at  one  end  on  the  hinge  f,  and  capable 
of  being  moved  up  and  down  at  the  other  end  by 
the  screw  h  ii.  Sometimes  the  milled  head  by 
which  this  screw  is  moved,  is  graduated,  so  that 
the  observer  may  know  precisely  through  how 
much  of  a  circumference  the  screw  has  been 
turned.  The  glass  tube  containing  the  spirit, 
and  in  which  the  bubble  or  empty  part  is  appa- 
rent, is  placed  within  the  brass  tube,  the  upper 
portion  of  which  is  open,  so  that  the  position  of 
the  bubble  may  be  seen.  Sometimes  there  is  no 
brass  tube  at  all,  but  only  a  brass  stand,  on  which 


the  glass  tube  is  fixed  by  its  extremities,  or,  much 
better,  by  its  centre.  Attached  to  the  brass  tube 
or  stand,  and  placed  right  over  the  spirit  level, 
we  have  the  scale  i>  d,  graduated  in  proportion 
to  the  delicacy  of  the  level,  and  by  aid  of. whose 
graduations,  read  off  at  both  ends  of  the  bubble, 
we  gather  whether  its  centre  is  at  zero,  or  by 
how  many  divisions  it  departs  from  it.  Supposuig 
a  level  well  made,  the  observer  adjusts  it  as  fol- 
lows : — Place  it  on  a  moveable  surface,  — its  \ 's  for 
instance,  on  the  pivots  of  a  transit  instrument— - 
and  by  the  screw  h,  bring  the  bubble  to  zero  of 
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the  scale.  Reverse  the  level.  If  the  bubble  is 
still  at  zero,  the  axis  of  the  transit  and  the  posi- 
tion of  tha  level  tube  are  both  alike  correct.  If, 
as  almost  always  will  be  the  case,  the  bubble  has 
departed  from  zero,  ascertain  the  amount  of  de- 
parture by  the  scale ;  divide  this  by  two ;  attri- 
bute half  the  error  to  the  level,  and  the  other 
half  to  the  transit ;  correct  accordingly,  and  again 
reverse.  Both  instruments  will  in  this  way  be 
speedily  freed  from  error.  It  also  generally  hap- 
pens that  the  glass  tube  is  not  placed  absolutely 
along  the  line  which  gives  it  support,  but  lies 
somewhat  transversely.  This  error  can  easily  be 
detected  by  giving  the  level  a  slight  side  motion 

0  on  its  Y's ;  and  a  transverse  screw  is  always  sup- 
p  plied  to  correct  it.— These  corrections  are  easy ; 

1  it  is  in  the  construction  of  the  level  that  the  chief 
i  difficulty  lies.  The  bore  of  the  glass  tube  must 
b  be  ground  to  a  nicety,  so  that  equal  parts  of  the 
f  scale  indicate  equal  angular  quantities  wherever 
L  the  bubble  is ;  and  instead  of  the  glass  tube  being 
s  straight,  it  must  be  an  arc  of  a  circle  of  greater 

or  less  radius.    The  larger  the  radius,  the  truer 
1  the  level :  the  famous  Eeichenbach  is  said  to  have 
•  boasted  that  he  could  construct  a  level  with  a 
n  radius  of  curvature  of  two  hundred  English  miles, 
a  feat  which,  if  accomplished,  would  have  en- 
alabled  the  bubble  to  move  over  more  than  five 
i' English  feet,  for  a  change  of  one  second  of  space! 
"W  Without  reference  to  such  marvels  however,  it 
KKiffices  to  know  that  by  aid  of  the  levels'  of 
tErtel,  Eepsold,  and  some  of  our  own  English 
iArtists,  an  estimate  may  be  safely  adventured 
won  of  tenths  of  seconds  of  space:  it  is  only  by  aid 
ifof  tie  Electric  recorder  that  we  can  expect  to 
^approximate  such  accuracy  in  our  measurement 
rrf  space,  through  the  medium  of  <me.— After  a 
Wevel  has  been  constructed  with  the  utmost  care, 
must  be  severely  tested,  and  the  size  of  the 
Irdivisions  of  a  scale  suited  to  it,  accurately  deter- 
^ned.    This  is,  perhaps,  most  securely  accom- 
iphshed  by  placing  it  on  the  telescope  of  a  finely 
^graduated  circle,  when  the  telescope  rests  hori- 
wontally.    A  slight  motion  communicated  to  the 
^trument  by  its  micrometer  screw,  will  elevate 
wne  telescope  one  second  of  space;  the  displace- 
nment  of  the  air  bubble  can  then  be  fixed;  and  so 
».or  larger  quantities.— In  sum,  the  following  are 
Wle  requisites  of  a  good  level,  and  fortunately 
Wiey  are  now  all  attainable.— ^'iVs^,  the  bubble 
TOust  be  long  enough,  compared  with  the  whole 
^loe,  to  admit  of  quick  displacement,  and  yet  not 
^00  long  to  admit  of  its  proper  elongation  at  low 
fcemperatures  ■.-Secondly,  the  curve  must  be  such, 
gnat  the  sensibility  and  uniform  run  of  the  bubble 
Fill  mdicate  quantities  sufficiently  minute,  while 
rose  quantities  correspond  exactly  to  the  changes 
Lno?  ''^'"^         graduated  limb  of  the 

fnstrument  of  which  it  forms  a  part:-7V«Vr7fo, 
^ne  bubble  must  keep  its  station  when  tlie  angles 
f  removed  a  little  round  the  pivots  of  suspension: 
V  /ourthly,  the  opposite  ends  of  the  bubble  must 
parjr  ahke  in  all  changes  of  temperature;  or,  in 
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other  words,  the  ends  of  the  bubble  must  elongate 
or  contract  alike  in  opposite  directions,  so  that 

the  middle  point  may  always  be  stationary :  

Fifthly,  the  angles  of  the  metallic  end-pieces  must 
be  so  nicely  adjusted,  that  reversion  on  horizontal 
pivots  that  are  equal,  will  not  alter  the  place  of 
the  bubble  -.—Sixthly,  the  distance  between  the 
two  zeros  of  a  fixed  scale,  when  such  a  graduated 
scale  is  used,  should  be  equal  to  the  length  of  the 
bubble  at  the  temperature  of  60°  of  Fahrenheit's 
scale,  and  should  be  marked  at  equal  distances  from 
the  visible  ends  of  the  glass  tube.    Then  as  the 
bubble  lengthens  by  cold,  or  shortens  by  heat,  its 
extreme  ends  in  the  glass  may  always  be  referred 
to  these  fixed  mar^s  o  o  on  the  scale,  and  will 
fall  either  within,  upon,  or  beyond  them,  accord- 
ing to  the  existing  temperature.    The  number  of 
subdi\'isions  of  the  scale  that  each  end  of  the 
bubble  is  standing  at,  counted  from  the  fixed 
zero  marlcs,  at  the  instant  of  finishing  an  obser- 
vation, must  always  be  noted,  that  an  allowance 
may  be  made  for  the  value  of  the  deviation  in 
seconds,      or  — ,  as  the  case  may  require: — 
Seventhly,  when  the  two  ends  of  the  bubble  are 
not  alike  affected  by  a  change  of  temperature,  the 
scale  should  be  detached  and  adjusted  to  the  new 
zero  points,  by  an  inversion  of  the  level:— 
Eighthly,  when  the  scale  has  only  one  zero  at 
Its  centre,  which  is  a  mode  of  dividing  the  least 
liable  to  misapprehension,  the  positions  must  be 
reversed  at  each  observation,  and  both  ends  of 
the  bubble  read  in  each  position ;  for  in  this  case, 
if  any  change  has  taken  place  in  the  tine  position 
of  this  zero,  the  resulting  error  will  merge  in  the 
reduction  of  the  observation.    This  mode  of  gra- 
duating is  generaUy  preferred  on  the  continent. 

licvelling.  An  important  branch  of  general 
Geodesy,  whose  object  it  is  to  enable  the  surveyor 
to  draw  an  exact  profile  of  a  district  of  country. 
See  any  great  work  on  Geodesy. 

licver.  A  solid  bar  at  each  end  of  which 
a.  certain  amount  of  force  is  applied  in  similar 
directions,  and  which  is  supported  on  a  pivot,  or 
by  some  fastening  between  the  points  of  appUca- 
tion.— The  most  intelligible  mode  of  proof  for  the 
fundamental  proposition  in  the  theory  of  Levers, 
is  the  following :— Let  A  b  be  a  rigid  bar,  at  tlie 
ends  of  which  forces  perpendicular  to  its  length 
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are  applied,  and  let  it  be  supported  on  a  pivot,  at 
the  point  where  the  bar  is  divided  inversely  as 
these  forces, — it  is  required  to  show  that  there  will 
be  equilibrium.  The  maxim  on  which  the  proof 
rests  is  this:  supposing  a  small  disturbance— so 
small,  indeed,  as  to  be  less  than  any  amount  that 
may  be  assigned,— if  tlio  work  done  consequent 
on  the  motion  at  the  one  end  of  the  lever  be 
equal  to  that  done  at  the  other,  there  must  be 
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equilibrium.  The  grounds  of  this  maxim  are 
manifest.  If  the  work  be  equal  in  the  two  cases, 
there  will  be  a  balance  or  counterpoise  of  work, 
and  one  arm  of  the  lever  cannot  have  a  tendency 
to  move,  greater  than  the  other.  Assuming  tliis 
principle,  then  (the  principle  of  virtual  velocities), 
let  us  proceed  to  its  application.  Suppose  a  very 
small  displacement  of  a  b,  to  the  position  o  p, 
— the  same  forces  still  acting.  There  will  be  a 
small  curve  described — a  small  circular  arc,  A  o, 
and  another  b  p.  The  smaller  these  become,  the 
nearer  they  ^vill  approach  to  little  lines  perpen- 
dicular to  the  end  of  the  lever.  In  this  condi- 
tion of  limits  we  should  have  two  isosceles  triangles 
similar  to  one  another,  i.e.,  a  o  c  and  b  p  c,  and 
therefore,  also  ao:ac::bp:bc.  Now,  a  o 
and  b  p,  are  the  spaces  through  which  the  forces 
have  acted,  and  as  those  spaces  are  so  very  small 
that  we  may  consider  their  direction  the  same 
throughout,  i.e.,  perpendicular  to  the  line  A  b, 
and,  therefore,  by  hypothesis  in  the  line  of  action 
of  the  forces,  we  have  the  work  done  by  f  (the 
force  at  a)  =  F  X  o  A,  and  that  by  f'  (that  at 
b)  =  F'  X  B  p.  Now,  F  bears  to  f'  the  ratio 
of  B  c  to  A  o.  Hence,  the  proportion  which  the 
two  amounts  of  work  done  in  this  small  dis- 
turbance bear  one  to  the  other,  is  b  c  X  o  a  to 
A  c  X  P  B.  But,  from  the  analogy  already 
given,  ao:ac::bp:b  C,  orsc  X  OA  = 
A  c  X  b  p ;  in  other  words,  the  proportion  that 
the  two  amounts  of  work  bear,  is  that  of  equality, 
when  the  lever  can  only  move  round  the  point  c, 
i.e.,  the  point  where  A  b  is  divided  inversely  as 
the  adjacent  forces:  there  must,  therefore,  be 
equilibrium  in  that  case.  A  case  apparently  more 
difficult,  readily  suggests  itself.  It  is  when  the 
lever  is  acted  upon  by  forces  not  perpendicular  to 
its  line  of  direction.  The  line  of  vertical  motion,  as 
we  may  call  it — the  very  small  line  through  which 
each  extremity  of  the  lever  moves,  is  always, 
as  we  have  seen,  pei-pendicular  to  the  lever. 
But  here  we  have  a  force  acting  not  in  the  line 
of  motion.  The  difficulty  may  be  got  over  by 
compounding  each  of  the  actual  forces  into  two 
— one  in  the  line  of  the  lever  in  each  case,  and  the 
other  perpendicular  to  it.  The  two  forces  ob- 
tained in  the  direction  of  the  lever  would  pull  it 
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These  forces  might,  therefore,  be  struck  out,  and 
only  a  pair  left  perpendicular  to  the  line  of  the 
lever,  and  in  the  line  of  vertical  motion.  This 
must  reduce  them  to  the  last  case.  It  will  be 
evident,  that  as  the  original  forces  e  a  and  b  g 
do  not  act  upon  the  system  in  the  way  of  ver- 
tical motion;  but  only  the  elements,  a  f  and  b  h, 
the  point  c  must  be  at  the  division  of  a  b,  where 
A  c  :  C  B  : :  B  H  :  A  F.  This  is  equivalent  to 
Ac:c  b::b  o.sin  a  b  g:a  E.sinE  A  b, 
and  as,  if  we  produce  b  a  and  g  b,  and  draw 
perpendiculars  from  c  upon   them,  we  have 

AF  AE  ,,BH        BG„„  „vt„:„ 

  =1   — ,  and  also  —  = — ,  we  obtain 

CM  AO  CNCB 

ea:cm=:bg:cn.  Hence,  it  is  a  general 
rule  for  straight  lines,  that  they  are  in  equi- 
librium round  a  point  from  which  the  perpen- 
diculars to  the  lines  of  direction  of  the  forces 
are  in  the  inverse  ratio  of  the  forces.  Some- 
times we  have  a  bent  lever  instead  of  a  straight 
one,  the  forces  lying  as  in  fig.  2.  Nothing 
material  is  changed  by  this,  for  the  same 
laws  of  equivalence  hold.  If  the  figure  be  like 
that  in  fig.  3,  we  shall  have  a  system  which 


ill  contrar}-  ways,  or  push  it  together,  compressing 
it,  and  therefore  would  have  no  power  to  turn  it. 


Fig.  3. 

•wiU  be  equivalent  to  a  bent  lever,  t;  c  m 
of  the  former  kind.  Multitudes  of  cases,  with 
other  modifications  of  detail,  might  be  introduced; 
but  the  principles  already  expounded  must  suf- 
fice to  enable  the  student  to  comprehend  and  solve 
them  aU. — The  principles  upon  which  we  have 
rested  the  solution  of  the  problem  of  the  lever, 
depend  upon  that  of  Virtual  Velocities,  and  on 
the  use  of  the  doctrine  of  limits.  —  The  lever 
is  one  of  the  chief  mechanical  powers.  The 
peculiar  mode  in  which  it  enables  us  to  modifj- 
mechanical  processes,  will  be  at  once  evident- 
There  are  three  kinds  of  lever  usually  enumerated. 
We  speak  of  the  two  forces  as  the  power  and  the 
weight ;  the  latter,  whether  weight  or  not,  being : 
considered  the  resistance  to  be  overcome;  the 
former,  the  action  which  we  bring  to  bear  in  order 
to  overcome  it.  Tlie  point  round  which  all 
motions  of  the  lever  can  alone  be  made,  is  called 
the  fulcrum  or  prop.  But  it  may  be  a  point  of 
suspension,  as  well  as  a  point  on  which  the  lever 
rests.  The  three  kinds  of  levers  depend  on  the 
various  relative  positions  of  this  prop.  'Where 
the  fulcrum  is  in  the  middle,  as  in  an  ordinaij* 
crow-bar,  one  end  of  which  is  put  below  a  stone  to 
be  raised  (e.  g.,  the  resistance),  and  the  other 
weighed  on  by  the  body  while  near  the  stone,  a 
block  of  wood  is  shoved  in,  round  which  the 
lever  must  turn,  the  lever  is  said  to  be  of  Ihefirft 
kind.  If  the  weight  is  between  the  fulcrum  and 
the  power,  as  when  we  work  with  a  lever 
fastened  at  one  end  to  the  ground  (the  fulcruro) 
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a  weight  somewhere  in  the 
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and  bearing  up  _  ..    ...  .  

middle(the  resistance  or  weight),  we  have  a  lever 
of  the  second  kind.    The  distance  between  the 
fulcrum  and  power,  is  in  this  case  less  than  that 
between  the  fulcrum  and  weight,  and  there  is, 
therefore,  always  less  of  power  needed,  than  of 
weight.    In  the  third,  the  power  is  between  the 
weight  and  the  fulcrum,  as  if  we  lift  a  bar 
jointed  in  the  floor — at  the  free  end  of  which 
a  weight  is  hung — by  a  force  appUed  within  the 
bar.    We  should  have  in  this  case  always  a 
gi-eater  power  required  than  weight  to  be  lifted ; 
and  the  more  so,  the  nearer  to  the  fulcrum  we 
apply  the  power.    In  those  instances  where  we 
lift  a  greater  weight  with  a  less  weight,  it  is 
evident  that  the  power  moves  with  a  greater 
velocity  and  through  a  greater  space.  Where, 
again,  we  move  with  a  greater  power  a  less 
weight,  we  move  the  power  much  less  rapidly 
ihan  the  last.    Hence,  that  old  statement  which 
amounts  to  an  imperfect  expression  of  the  prin- 
ciple of  mechanical  effect,  that  what  we  gain  in 
force  we  lose  in  time,  and  vice  versa.  See 
Mechanical  Poavers. 

lieyden  Jar.  A  very  powerful  means  of  pro- 
uring  electrical  condensation,  and  by  its  dis- 
harge,  a  biilliant  spark  and  shock.    In  its  best 
oastruction,  it  consists  of  a  glass  bottle,  coated 
internally  and  externally  with  tinfoil,  from  which 
all  asperities  ought  to  be  carefully  removed.  If 
the  mterior  sheet  of  tinfoil  be  placed  in  contact 
with  a  positive  or  negative  conductor,  it  becomes 
intensely  electrified  in  the  same  sense  as  the  con- 
luctor,  while  the  external  portion  of  the  bottle 
akes  on  the  opposite  form  of  electricity  in  equal 
ntensity.    An  approximate  contact  being  estab- 
i-shed,  adiscliarge  and  spark  occur,  proportionate 
n  violence  to  the  intensities  of  the  opposite  sides 
if  the  jar.    The  explanation  at  one  time  in  ac- 
eptance,  was  a  very  absurd  one.    It  was  fancied 
hat  the  electricity  was  boUM  up  within  the  jar, 
■nd  that  the  discharge  was  simply  its  escape! 
jut  the  phenomenon  is  one  of  pure  induction,  and 
lie  instrument  belongs  to  the  class  under  which 
he  Conde7iser  is  arranged.    See  Condenseh 
ir  a  detailed  account  of  such  agencies  ot  Induction. 
-By  construction  of  the  Leyden  Jar,  the  electric 
attery  is  formed— an  apparatus  by  which  the 
i"st  tremendous  of  electric  effects  may  be  mani- 
sted.  We  believe  that  the  most  gigantic  battery 
*'er  made,  is  at  present  in  the  Pantecknicon,  in 
■*;icester  Square,  London. 
I^ibm.    One  of  the  old  constellations  of  the 
''diac,  surrounded  by  Scorpio,  Ophiucus,  Vir- 
N  Centaurus,  and  Lupus.    In  the  more  ancient 
iunng,  Scorriio  occui>ied  60°  of  the  Zodiac— 
'■0  spaces— his  claws  occupying  one  sign,  and 
body  another.  The  Latins  assigned  him  only 
le,  and  placed  Libra,  or  the  balance,  where  the 
aws  of  the  Scorpio  had  been;  a  Libra»,  and  /3 
ihraj,  are  of  thi  second,  and  y  Libra;,  of  the 
I'd  magnitude.    The  star  /3  Libra),  is  the  ver- 
■'t  of  an  isosceles  triangle,  the  other  angular 


points  of  which  are  Arcturus  and  Spica,  (a,  Vir- 
ginis).    Its  zodiacal  sign  is 

liibratiou.    The  moon  revolves  in  her  axis 
in  very  nearly  the  same  time  as  she  revolves 
round  the  earth.    The  consequence  is  that  we 
see  always  the  same  face  turned  towards  ns.  If 
we  carry  a  ball  painted  half  white  and  half  black 
round  in  a  circle,  keeping  always  the  same  face 
turned  to  the  centre  of  the  circle,  it  will  be  found 
that  there  has  been  one  complete  revolution  of 
the  ball  round  the  axis  when  the  revolution  round 
the  centre  is  accomplished.    So,  if  there  be  sucli 
a  revolution  in  the  ball  at  uniform  rate,  and  if 
it  move  round  the  earth  uniformly  it  will  always 
turn  the  same  hemisphere  to  us.    The  irregu- 
larities in  this  are  called  librations.    If  the  mo- 
tions of  the  moon,  both  orbital  and  rotatory,  were 
quite  tmiform,  there  would  be  no  irregularity; 
but  as  they  are  not  so,  the  moon  comes  some- 
times as  it  were  before  us  and  thrusts  a  part  of 
its  forward  hemisphere  to  our  view;  sometimes 
it  is  behind  in  its  rotatory  motion  and  thrusts 
therefore  a  part  of  its  backward  hemisphere  in 
view,  a  part  of  the  forward  one  falling  back  away 
from  us.   Besides,  our  Satellite  does  not  rotate  on 
an  axis  perpendicular  to  its  orbit.    The  conse- 
quence is  that  at  one  time  we  see  over  one  side 
of  its  poles,  and  again  over  on  the  opposite  side. 
At  one  time,  for  instance,  its  south  and  at  another 
its  north  pole  becomes  visible.     Then,  this  axis 
Itself  is  by  no  means  constant  in  its  positions  in 
space,  but  librates  or  oscillates  just  as  one  sees  a 
spinning  top  describe  a  sort  of  cone  with  its  axis 
m  space.    In  consequence  of  this,  we  see  more  of 
the  axis  at  one  time  than  at  another,  that  is,  more 
of  the  circumpolar  regions.    As  a  result  of  these 
two  distinct  kinds  of  libration— due  to  the  non- 
uniformity  of  the  orbitnal  and  rotatory  motion— 
and  to  the  deviation  of  the  axis  from  the  perpen- 
dicular to  the  orbit,  and  from  its  own  regular 
position— we  see  at  different  times  a  few  degrees 
all  round  the  edge  m.ore  than  the  regular  visible 
hemisphere  of  the  moon.    This,  in  its  largest 
sense,  is  Libraiion. 
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liight.    The  physical  science  of  Light,  or 
Optics,  has  for  its  arduous  purpose,  to  trace  and 
refer  to  Law,  all  the  complex  phenomena  of  that 
great  Agent  or  Force,  through  which  the  external 
Universe  becomes  visible  to  Man.    Under  many 
separate  articles  in  this  Dictionary,  the  various 
classes  of  these  phenomena,  are  treated  with  tlie 
care  due  to  them,  and  in  as  gi-eat  detail  as  the 
space  at  our  command  could  permit.    The  stu- 
dent is  referred  to  Catoptrics,  Dioptrics,  Ra- 
diation, Refraction,  Double  Refraction, 
Diffraction,  Inteijfkrence,  Polarization, 
Spectrum,   Dispersion,  Adsorption,  Col- 
ours, &c.,  &c.    We  intend  at  present  merely  to 
state,  and  compare — by  the  test  of  a  few  of  the 
singular  changes  undergone  by  light— the  theories 
which  have  been  proposed  regarding  this  re- 
markable agent.  What  then  is  Light  ?  or  rather 
how  and  by  what  instrumentality,  is  that  in- 
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fluence  propagated  which  enables  visible  objects 
to  affect  the  eye  ?  Two  replies  have  been  offered 
to  this  inquiry,  of  an  entirely  opposite  kind.  One 
form  of  answer,  is  the  basis  of  the  Newtonian 
theory  of  light,  or  the  theory  of  Emission :  ac- 
cording to  Newton,  material  particles  of  im- 
palpable tenuity  are  sent  forth  from  the  lumi- 
nous body,  traverse  space  with  the  immense 
velocity  of  about  198,000  miles  in  one  second  of 
time,  and — on  arriving  at  the  eye — enter  the  pupD 
and  impinge  against  the  retina.  The  secmd 
theory  is  that  of  undulations,  or  vibrations.  When 
a  stretched  wire  is  struck  at  one  end,  the  vibra- 
tion, due  to  the  elasticity  of  the  wire  at  the  end  of 
it  that  is  struck,  immediately  propagates  itself 
along  the  wire,  by  a  succession  of  con-esponding 
vibrations  :  now,  it  is  clear  that  in  such  a  case 
there  is  no  transmission  or  movement  of  transla- 
tion of  the  material  particles  of  the  wire.  They 
simply  vibrate  up  and  down;  and  all  that  is 
transmitted  is  this  motion  or  vibration.  In  the 
same  manner,  if  a  stone  be  thrown  into  a  quiet 
pool,  we  instantly  percei\-e  that  a  series  of  cir- 
cular waves  is  propagated  from  the  centre  of 
disturbance:  neither  in  this  case,  however,  is 
there  transmission  of  particles,  for  if  any  light 
body  be  placed  in  the  way  of  these  waves,  it  is 
not  caiTied  on  by  them  as  if  they  formed  a  cur- 
rent, but  only  rises  and  falls  with  the  crests  and 
troughs  of  the  waves.  Exactly  thus  with  regard 
to  the  propagation  of  sound.  Sound  creates  no 
wind  or  current  in  the  atmosphere,  but  only  a 
series  of  pulsations  of  varying  amplitude.  Like 
the  theory  of  Emission,  that  of  Undulation  has  its 
fundamental  hypothesis.  It  is  this.  Through- 
out all  space,  there  is  diffused  an  impalpable 
Ether  or  medium,  of  nearly  infinite  elasticity, 
and  therefore  capable  of  being  affected  by  undu- 
lations that  propagate  themselves  with  almost 
miraculous  swiftness  :  this  Ether  is  thrown  into 
vibration  by  a  lummous  body,  just  as  the  atmo- 
sphere can  be  thrown  into  pulsations  by  a  sono- 
rous body;  and,  as  these  vibrations  or  light-waves 
reach  the  eye,  they  affect  it  ;vith  the  sensation  of 
sight.  Further,  the  elasticity  of  this  Ether  is 
uniform  through  every  region  of  space  that  is 
not  occupied  by  ponderable  matter, — hence  the 
velocity  of  light  is  uniform.  This  uniformity 
does  not  hold,  however,  in  the  interior  of  bodies. 
The  same  Ether  is  there,  but  its  density  and 
elasticity  are  not  the  same  ;  these  vary  with  the 
molecular  constitution  of  the  bodies  ;  and  within 
the  greater  number  of  crystalline  masses,  the 
elasticity  of  the  ether  changes  with  the  direction. 
The  question  cannot  fail  to  arise,  What  is  the 
nature  of  these  supposed  \-ibrations — are  they  like 
those  of  sound— aloi\g  the  line  of  propagation,  or 
like  those  of  a  stretched  cord  perpendicular  to 
that  line  or  radius  ?  The  answer  will  be  found 
under  Undulatohy  Theory  ;  where  we  shall 
show  how  much  of  the  resources  of  that  theory 
depends  upon  the  reply  given  to  the  pro- 
blem now  started : — it  is  sufhcient  here  that  the 
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student  obtain  a  distinct  conception  of  the 

general  basis  of  that  theory  The  strict  logician 

may  probably  be  disposed  to  challenge  the  legi- 
timacy of  either  mode  of  speculation.  Both 
theories  involve  a  physical,  not  a  mere  formal 
hypothesis,  concerning  the  reality  of  which,  no 
direct  physical  proof  can  ever  be  attained.  In  the 
one  case  we  have  these  streams  of  impalpable  par- 
ticles ;  in  the  other  an  impalpable  and  therefore 
unknowable  Ether.  The  logical  province  of  an 
hypothesis  is  to  shape  or  guide  inquiry  towards 
what  may  afterwards  be  established  by  unques- 
tionable induction;  and  in  this  way  formal 
hj'potheses,  or  hj'potheses  regarding  laws,  have 
eminently  subserved  and  accelerated  the  march  of 
discovery.  But  hj'potheses  as  to  the  existence  of 
substances,  which,  from  their  very  nature,  must  ever 
elude  detection,  although  not  new  in  the  history 
of  phj'sics,  have  certainly  never  hitherto  achieved 
a  permanent  place  in  pure  science.  Passing, 
however,  from  these  general  considerations,  and 
amply  acknowledging  the  ser\nces  of  both  theories 
— whether  they  shall  turn  out  provisional  or 
otherwise — in  pushing  forward  our  acquaintance 
with  the  facts  and  laws  of  Physical  Optics,  we 
hasten  to  establish  scmiething  concerning  their 
comparative  merits. 

(1.)  Comparison  of  the  theories,  through  ilr'- 
relation  to  the  rapidity  of  the  propagation  of  liyiii, 

and  its  rectilinear  course  It  is  incontestible  that 

the  enormous  velocity  of  the  propagation  of  light, 
must  stagger  the  adherent  of  the  theory  of  Emis- 
sion. We  can  conceive  a  medium  or  Ether  of 
vast  elasticity,  through  which  propagation  by 
waves  might  take  place  with  any  d^ee  of 
swiftness ;  but  assuredly  it  is  next  to  impossible 
to  imagine  material  molecules,  of  magnitude  so 
small,  that  countless  millions  of  them  moving  at 
the  rate  of  19'8,000  miles  in  an  hour,  can  meet  in 
the  focus  of  a  lens  without  communicating  the 
slightest  mechanical  impulse  to  any  body  placed 
there,  or  even  acting  on  each  other  as  they  cross  i 
and  recross.  But  further  still,  it  is  demonstrable 
that  light  issues  from  all  bodies,  whatever  their 
size — and  whether  self-lummous  or  shining  by 
reflection — with  precisely  the  same  velocity.  Now, 
the  force  which  propels  them  from  the  surface  of 
any  orb,  must,  if  they  are  material,  be  modified  by 
the  attraction  of  the  orb ;  so  that  as  the  celes- 
tial bodies  vary  so  much  in  size,  we  ought  to 
expect  the  velocity  of  the  light  issuing  from  them  | 
to  vary  likewise.  According  to  the  computation 
of  Arago,  a  fixed  star  of  the  same  density  of 
our  sun,  but  250  times  larger,  would  utterly 
destroy  the  notion  of  an  emitted  luminous  par- 
ticle; on  which  account  the  orb  would  remain 
for  ever  invisible.  In  apparent  counterbalance  of 
the  foregoing  preponderance  of  probability  on  be- 
half of  the  undulatory  hypothesis,  it  seems,  on  a 
prima  facte  view  of  the  case,  that  the  doctrine  of 
emission  can  alone  rightly  explain  the  rectilinear 
propagation  of  this  great  agency,  and  the  phe- 
nomena of  shadows.    When  no  obstacle  occurs, 
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this  propagation  along  straight  lines  is  indeed  per- 
fectly compatible  with  the  idea  of  advance  by 
vibrations ;  but  as  waves  pass  round  the  corners 
if  obstacles,  it  would  appear  that  the  intervention 
of  any  obstacle  ought — if  the  undulatory  theory  be 
true — to  interfere  with  the  law  of  rectilinear  pro- 
pagation, and  that  shadows  should  not  exist. 
This  seeming  or  prima  facie  presumption  on  be- 
half of  Newtonian  theory,  disappears  however, 
when  the  facts  are  closely  observed  and  their  sig- 
nificance analyzed.  Shadows  do  not  exist,  ac- 
cording to  the  common  apprehension  of  them. 
Let  A  be  a  luminous  point,  and  b  an  opaque  ob- 
stacle, it  is  commonly  imagmed  that  the  space 
^\■ithm  the  truncated  cone  b  b'  c  C  is  bereft  of 
lisrht  or  in  total  darkness ;  while  the  real  case  is 
very  much  the  opposite.    As  explained  at  length 
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iinder  Diffractioit,  fringes  of  alternating 
light  and  dark  spread  out  within  c  C  to  a  con- 
siderable space ;  and  Arago,  by  an  ingenious  ex- 
periment, showed  that  if  B  b'  is  an  opaque  cu-cular 
disc  of  small  dimensions,  the  very  centre,  o,  of  the 
presumed  shadow  is  always  a  bright  spot.  The 
theory  of  emission  has  grappled  indeed  with  this 
serious  difficulty,  but  by  no  means  successfully. 
It  seeks  to  explain  these  fringes  by  Inflexions,  or 
by  supposed  attractions  and  repulsions  between 
the  stream  of  light-particles  and  the  edges  of  the 
obstacle  b  b',  or  the  edges  of  the  slit  through  which 
the  luminous  beam  is  introduced.  The  substitution 
'  the  mirrors  of  Fresnel  in  diffraction  experiments 
•  tterly  destroyed  the  latter  form  of  the  hypothesis ; 
and  the  supposed  action  of  the  edges  of  b  b'  on  the 
particles  of  light  that  pass  it,  requires  so  many  new 
suppositions  to  endow  it  with  any  degree  of  pro- 
bability, that  it  cannot  be  said  to  present  serious 
mims  on  the  assent  of  the  rigorous  Inquirer, 
^^ow,  the  existence  and  entire  characteristics  of 

all  such  fringes— interior  as  well  as  exterior  

aie  firmly  comprehended  by  the  theorv  of 
'indulations  (see  Diffraction)  ;  as  likewise  the 
necessity  of  shadows.  These  light-waves  do 
turn  round  obstacles,  not  certainly  without  di- 
"iimshed  intensity ;  even  as  the  pulsations  of 
■;ound  are  propagated  round  obstacles  but  with 
'-ebler  mtensity.  But  Fresnel  and  others  since 
"'3  time  have— with  their  hands  on  the  wave- 
^heory—demonstrated  that  all  the  portions  of 
'"ose  lateral  waves  which  do  not  go  to  the  pro- 
-uction  of  fringes,  are  destroyed  through  effect 
"  Interference.  The  theoretical  shadow  is,  in 
•*ct,  the  shadow  that  actually  exists. 

(2.)  Comparison  of  the  rival  Theories  in  their 
•elattons  to  the  Reflection  and  Refraction  of  Light. 
-It  will  be  necessary  to  exhibit,  in  the  first 
'lace,  the  mode  in  which  the  fundamental  laws 
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of  reflection  and  refraction  are  explained  by  these 
two  theories.  In  terms  of  the  theory  of  Kwis- 
sion,  the  explanation  is  very  simple.  Reflection 
of  light,  according  to  this  view,  is  merely  the 
rebound  of  a  perfectly  elastic  substance  fi-om  a 
plane,  on  which  it  has  impinged.    Let  a  b  be  the 
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reflecting  plane,  and  c  d  the  direction  and  measure 
of  the  velocity  of  the  impinging  ray.  The  motion 
of  the  particles  constituting  the  ray  may  be  de- 
composed into  two— the  horizontal  motion  c  e,  and 
the  vertical  motion  e  d.    The  horizontal  motion 
cannot  be  effected  by  the  impact,  and  will  there- 
fore be  represented  by  e  f  =  c  e,  after  impact. 
The  vertical  motion  e  d  must  after  impact  be  re- 
presented by  an  equal  and  opposite  vertical  mo- 
tion D  E,  m  consequence  of  the  perfect  elasticity 
of  the  ray  ;  so  that  the  actual  path  of  the  reflected 
ray  wiU  be  the  resultant  of  d  e  and  e  p,  or  d  f. 
Hence  .<:1-Fde  =  ^cde;  in  other  words,  the 
angle  of  reflection  is  necessarily  equal  to  the  angle 
of  incidence.    The  fundamental  law  of  Refraction 
is  also  deduced,  on  the  ground  of  the  emission 
hypothesis  with  every  facility.    The  law  is  this  : 
The  sine  of  the  angle  of  incidence  has  to  the  sine  of 
the  angle  of  refraction,  always  the  same  ratio  for 
the  same  medium.    The  process  of  deduction, 
however,  rests  essentially  on  this,  that  when  an 
incident  ray  leaves  a  less  refringent  medium  to 
enter  one  of  higher  refringency,  its  vertical  velo- 
city is  AUGMENTED.— The  Same  laws  are  deduc- 
ible  from  the  theory  of  Undulation.   Suppose  m  n 
the  front  of  a  light  wave  about  to  impinge  on  the 
reflecting  surface  a  b,  and  meeting  it  first  at  m. 
Each  portion  of  that  wave  must,  as  it  encounters 
the  surface  ab,  become  the  centre  of  a  new 
set  of  spherical  waves,  which  will  travel  back- 
wards with  their  former  velocity,  since  the  medi- 
um and  of  course  the  elasticity  of  the  Ether  has 
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not  been  changed.  When  n  therefore  has  tra- 
velled as  far  as  k,  the  front  of  the  wave  flowing 
from  m,  must  be  in  the  circumference  of  a  circle 
whose  radius  two  is  equal  to  nk\  and  in  the 
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same  way  ■when  n'  has  travelled  to  the  waves 
from  mf  must  be  in  the  circumference  of  a  circle 
whose  radius  mo'  —  n'  k.  Now  the  surface  which 
at  each  instant  touches  all  these  circles  is  the  front 
of  the  reflected  wave ;  and  since  vi  o  and  m'  o'  are 
proportional  to  m  k,  m'  k,  this  surface  is  the  tan- 
gent plane  passing  through  k.  Further,  since 
mo  —  nk,  and  the  angles  at  n  and  o  are  right 
angles,  we  shall  have  ^^nmk-\-  okm,  which 
signifies,  as  before,  that  the  angle  of  incidence  is 
always  equal  to  the  angle  of  reflection.  Like  the 
foregoing  simple  demonstration,  the  application 
of  the  undulatory  theory,  to  the  laws  of  refrac- 
tion, is  due  to  Huyghens.  As  before,  suppose 
mn  the  front  of  the  wave  pressing  towards  the 
line  A  B,  the  boundary  between  two  media. 
When  the  portion  n  reaches  k,  the  parts  m  and 
m'  will  have  become  the  centres  of  waves  pro 
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pagated  within  the  new  medium.  The  propor- 
tions which  mo,m  o' — the  radii  of  these  new  waves 
— bear  to  the  distances  nk  n'k  will  evidently 
be  the  ratio  of  the  velocity  of  propagation  in  the 
two  media ;  and  the  tangent  to  the  circles  k  o'  o, 
will,  as  before,  be  the  front  of  the  new  wave. 
But      sin.  nmk  :  sin.  mko      nk  :  mo, 

that  is,  the  ratio  of  the  sine  of  the  angle  of  in- 
cidence to  the  sine  of  the  angle  of  refraction  is 
for  the  same  two  media  equivalent  io  the  constant 
ratio  of  the  velocities  of  the  refracted  and  the  in- 
cident waves.  It  is  scarcely  necessary  to  draw 
attention  to  the  fact  that  when  the  light-wave 
passes  from  a  rare  to  a  dense  medium,  or  more 
properly  from  a  less  to  a  more  highly  refringent 
one,  its  velocity  must  be  diminished,  in  conse- 
quence of  the  decreased  elasticity  of  the  portion 
of  the  Ether  -within  that  medium.  As  to  this  part 
of  the  question,  then,  the  two  theories  are  in  direct 
conflict.  There  are  two  points  of  highest  im- 
portance to  which  attention  must  be  drawn,  if 
the  relative  values  of  the  conflicting  theories  are  to 
be  tested  by  their  powers  to  explain  the  pheno- 
mena of  reflection  and  refraction.  (1.)  The 
simple  act  involved  in  either  phenomenon  sepa- 
rately, and  its  laws,  appear  indifferently  witliin 
reach  of  both.  But  there  is  a  complex  case,  to 
which  the  doctrine  of  Undulation  alone  satis- 
factorily applies.  When  a  ray  is  refracted,  pari 
of  it  is  reflected  also.  W  hence  this  double  effect  ? 
That  the  Wave- theory  recognizes  not  only  its 
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possibility,  but  its  necessity,  a  glance  at  fig.  3 
will  amply  suffice  to  make  manifest ; — m  and 
m'  being  centres  of  disturbance  from  which  waves 
must  emanate,  it  is  clear  that  one  wave  will  pass 
backward  into  the  old  medium  with  its  former 
velocity,  forming  the  wave  of  reflection,  while 
another  must  pass  into  the  lower  medium,  with 
its  new  velocity,  forming  the  wave  of  refraction. 
But  if  the  Newtonian  doctrine  be  correct,  why 
do  not  the  whole  of  these  light  corpuscles  pass  into 
the  new  medium  ? — why  are  some  accepted  only, 
while  others  are  driven  back?  Can  the  same 
medium  act  differently  on  the  same  set  of  cor- 
puscles— attracting  a  portion  of  them,  and  repel- 
ling another  portion  ?.  The  diflSculty  now  ad- 
verted to,  gave  rise  to  one  of  the  most  ingenious, 
but  at  the  same  time  one  of  the  most  artificial 
and  unsatisfactory  portions  of  the  theory  of  emis- 
sion,— Newton's  theory  of fits.  According  to  this 
illustrious  inquirer,  these  light-molecules,  as  they 
traverse  space,  are  found  in  two  opposite  con- 
ditions or  states.  In  the  first  of  these  states  or 
fits,  they  are  disposed  to  permit  themselves  to 
be  readily  repelled, — this  is  the  fit  of  easy  re- 
flection: in  the  second  state  they  readily  yield 
to  attractive  influences — this  is  the  fit  of  easy 
transmission.  But  since  it  may  be  expected 
that  in  every  mass  of  such  molecules,  some  will 
be  in  one  state  or  fit,  and  some  in  the  contrasted 
one,  it  follows  that  the  acts  of  reflectiou  and  re- 
fraction may  or  even  must  co-exist.  To  ex- 
plain the  origin  of  these  opposite  fits,  Newton 
felt  it  necessary  to  introduce  further  the  hypothesis 
of  an  Ether,  whose  vibrations  were  propagated 
with  a  velocity  greater  than  the  velocity  of 
light.  This  ether  attaches  itself,  so  to  spedc,  to 
the  light-corpuscles ;  forcing  them  into  some 
one  of  the  two  foregoing  states,  according  as 
its  vibrations  concur  with,  or  counteract  the 
original  progressive  movement.  Newton  even 
computed  the  elastic  force  required  for  this  Ether. 
Surely  his  followers  might  long  have  seen,  that  all 
the  difficulties  of  the  system  of  Undulations  were 
thus  added  to  the  .almost  insuperable  difficulties 
of  other  kinds  inherent  in  the  theorj^  of  Emission. 
— (2.)  The  second  important  point  is  this : — the 
two  theories,  as  we  have  seen,  are  in  conflict  as  to 
a  question  of  fact.  In  the  theory  of  emission,  the 
velocity  of  the  light  molecules  is  increased,  when 
they  pass  into  a  more  highly  refringent  medium. 
According  to  the  doctrine  of  Undulations,  the 
propagation  of  the  light-wave,  under  the  same 
circumstances,  is  retarded.  With  which  does  the 
truth  lie?  A  question  as  to  substantive  fact  and 
to  be  answered  by  direct  experiment.  In  (1.)  I.  of 
Inteufkrence,  an  experimental  reply,  founded 
on  the  position  of  the  Fringes  of  Diffraction,  has 
alreadj-  been  given :  but,  quite  recently,  the  fact 
lias  been  determined,  without  regard  to  any  theory 
or  speculation  whatsoever,  by  IMM.  Foucaultand 
Fizeau.  The  methods  and  results  of  these  very 
able  physicists,  are  fully  explained  under  our  next 
article, — Light,  Velocity  of.  Suffice  it  to  state 
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here  that  these  results  have  finally  and  conclu- 
-  sively  decided  the  crucial  question  on  the  side  of 
•.  the  Theoiy  of  Undulations. 

(3  .)  Dispersion  of  Light,  according  to  the  rival 
:  Theories. — It  is  well  known  that  when  a  beam 
■  of  solar  light,  or  other  compound  light,  falls 
>  obliquely  on  a  refringent  substance,  that  ray 
•d  is  not  only  refracted,  but  separated  into  parts 
b  having  different  colours ;  a  separation  rendered 
t  extremely  palpable  by  the  prism,  and  mani- 
ftfesting  itself  in  the  Spectrum.  This  funda- 
!T  mental  fact  is  named  the  dispersion  of  Light. 
E  Both  theories  take  account  of  it  in  the  manner 
^'peculiar  to  them.  According  to  the  doctrine  of 
t  Emission,  the  compound  ra)'  consists  of  molecules 
o)  of  different  natures,  and  which,  through  effect  of 
tithat  difference,  are  attracted  more  or  less  by  the 
wrefringent  medium.  The  vertical  components  of 
titheir  velocities  are  therefore  variously  altered  on 
entering  that  medium,  and  on  emerging  from  it 
kthey  necessarily  pursue  different  paths, — are  sepa- 
«rated  or  dispersed.  "With  the  Undulatory  Theory, 
ion  the  other  hand,  the  fundamental  proposition  is 
kthis: — a  Light- wave  is  not  homogeneous,  but  con- 
ieists  of  a  number  of  different  waves  of  different 
laigfhs,  each  having  a  rapidity  of  vibration  pecu- 
Uiar  to  itself ;  and  from  this  proposition,  the  ne- 
isity  of  dispersion  is,  as  we  shall  soon  discern, 
•readily  deduced.  Now,  it  may  appear,  at  first 
i^bt,  that  both  suppositions  are  gratuitous, — 
iMunpIe  additions  to  the  fundamental  hypothesis, 
a&amed  to  suit  the  new  case,  or  to  explain  the 
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new  phenomenon.  There  is,  however,  a  memor- 
able logical  difference  between  them.  It  will  be 
recollected  that,  in  the  corpuscular  theory,  the 
conception  of  fits  was  fabricated  to  meet  one 
special  class  of  phenomena;  and,  in  the  same 
way,  we  have  now  the  notion  of  different  kinds 
of  molecules  with  different  chemical  or  physical 
affinities  introduced  for  the  benefit  of  another 
class.  It  is,  on  the  contrary,  the  distinguishing 
characteristic  of  the  Wave- Theory,  that  the  mo- 
difications required  for  explanation  of  some  novel 
facts,  have,  in  so  far  as  has  appeared  hitherto, 
been  suggested  by  other  facts,  or  classes  of  pheno- 
mena of  quite  a  different  nature.  Of  this  pecu- 
liarity, and  the  signal  advantage  bestowed  by  it, 
there  is  no  better  instance  than  the  present  one. 
If  Grimaldi's  fringes — or  the  alternation  of  bright 
and  dark  bands,  when  a  ray  of  homogeneous  light 
is  employed  in  the  fundamental  experiment  of 
diffraction — be  rightly  explained  by  the  general 
principle  of  Interference,  then  the  coloured  fringes, 
or  the  resolution  of  the  solar  beam  into  spectra  of 
diffraction,  demonstrates  beyond  a  doubt  that  the 
lengths  of  the  undulations,  causing  the  different 
colours,  are  different.  Nay,  this  spectrum  of 
diffraction  yields  accurate  measures  of  the  lengths 
of  these  various  waves.  The  table  now  subjoined 
offers  in  round  numbers  the  facts  regarding  these 
heterogeneous  undulations  or  waves,  as  deduced 
from  measurements  of  this  spectrum,  and  other 
considerations : — 
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Length  of  the  Undu- 
lations in  Parts  of 
an  Inch. 

Numher  of  Un 
dulations  in  an 
Inch. 

0-0000266 

37640 

Red,  

0-0000256 

39180 

0-0000240 

41010 

0-0000227 

44000 

0-0000211 

47460 

Blue,  

0-0000196 

51110 

0-0000185 

54070 

Violet,   

0-0000174 

57490 

0-0000167 

59750 

Number  of  Undulations 
Per  Second. 


458,000000,000000 
477,000000,000000 
506,000000,000000 
535,000000,000000 
577,000000,000000 
622,000000,000000 
658,000000,000000 
699,000000,000000 
727,000000,000000 


I'he  question  regarding  the  composite  nature  of 
lie  light-wave  being  thus  determined,  to  a  large 
ttent  independently,  the  question  recurs,  in  what 
anner  does  this  bear  on  the  phenomenon  of  dis- 
'twn  ?    Now,  so  long  as  these  various  waves 
«re  supposed  to  be  propagated  with  equal  velo- 
im,  it  mattered  not  that  they  had  different 
mgths  and  different  periods  of  vibration:  the 
indent  will  gather  from  section  (2)  of  this  article, 
lat  their  refracted  paths  must  have  coincided 
1  well  as  their  incident  paths,  and  that  there 
imd  be  no  dispersion.    But  it  remained  the  re- 
ived opinion,  that  the  velocity  of  propagation 
id  not  at  all  depend  on  the  length  of  the  wave, 
at  only  on  the  elasticity  and  density  of  the 


Etherial  Medium.  At  last  the  veil  was  raised 
from  before  the  difficulty,  by  the  powerful  analysis 
of  M.  Cauchy.  The  theorem,  that  the  propaga- 
tion of  light-waves  must,  within  the  same  me- 
dium, be  independent  of  the  lengths  of  these 
waves,  is  an  approximation  only,  and  issues  from 
the  mathematical  fiction  that  the  sphere  of  the 
action  or  vibration  q/'thesepnratemolecu!es  is  infin- 
itely small,  compared  loith  the  length  of  the  wave. 
This  fiction  is  convenient,  and  enables  the  analyst 
to  evade  difiiculties;  nor  is  it  objectionable  so  long 
as  general  problems  concerning  the  propagation 
of  waves  alone  arc  before  him.  But  in  matters 
of  ultimate  delicacy  we  cannot  rest  with  apj^roxi- 
mations;  and  at  the  instigation  of  his  friend 
505 
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Coriolis,  M.  Caucliy  recommenced  the  ilivesti- 
gatioD,  and  took  account  of  terms  previously  ne- 
glected. The  result  is,  that  these  waves  have 
different  velocities,  and,  therefore,  that  they  must 
be  dispersed  on  entering  a  refiingent  medium 
obliquelj'.  Not  only  does  theory  evolve  this 
satisfactory  result,  but,  in  its  details,  it  quadrates 
with  phenomena: — the  numbers  deducible  from 
M.  Cauchy's  series,  corresponding  far  within 
the  limits  of  inevitable  error,  with  the  correspond- 
ing numbers  according  to  the  actual  measurements 
of  Frauenhofer.  It  were  wrong  to  omit  notice  of 
tlie  great  services  of  Professor  Powell,  as  to  this 
interesting  question.  By  him  chiefly,  were 
Cauchy's  results  brought  to  the  testing  form  of 
numbers.  Having  obtained  from  the  general  ex- 
pression of  the  French  analyst,  a  formula  show- 
ing the  relation  between  the  refractive  index  of  a 
ray,  and  the  length  of  a  wave  or  the  colour  of 
light,  he  showed  the  entire  correspondence  be- 
tween its  theoretical  consequences,  and  the  facts 
recorded  by  the  great  optician  of  Munich  for  ten 
different  media,  as  well  as  those  obtained  subse- 
quently by  M.  Eudberg  for  ten  other  cases  of 
crystals. — The  reader  is  referred  to  Professor 
Powell's  own  very  lucid  treatise,  as  well  as  the 
celebrated  Menioire  sur  la  Dispersion  by  M. 
Cauchy.  Professor  Kelland  of  Edinburgh  has 
also  written  an  interesting  paper  on  the  same 
subject,  in  Cambridge  Philosophical  Transactions, 
vol.  vi. — Our  very  least  conclusion  must  be  in 
the  words  of  Dr.  Whewell.  "  The  residt  of  such 
calculations  shows  .very  satisfactorily  that  there 
is  not  in  the  fact  of  dispersion,  anything  which  is 
at  all  formidable  to  the  Undulating  Theory." 
—  It  is  scarcely  requisite  to  remark,  on  the 
analogy  between  the  general  theory  of  colour, 
and  the  received  doctrine  concerning  the  nature 
of  sound.  Only,  the  limit  or  range  of  the  eye 
is  much  more  limited  than  that  of  the  ear.  As 
to  colour,  the  ratio  of  the  extreme  vibrations 
that  affect  us,  is  only  that  of  1'58  :  1,  whereas 
the  ear  can  readily  perceive  and  appreciate,  a 
sound,  its  octave,  its  double  octave,  its  treble 
octave,  &c.,  &c.  No  doubt  that  beyond  either 
terminus  of  the  visible  spectrum,  vibrations  fall, 
too  slow  or  too  rapid  to  be  apprehended  by  the  Ej'e. 
— In  other  articles  of  this  dictionary — especiaJly 
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CAii,  and  above  all  in  the  article  Unddlatory 
Theory,  several  expositions  will  be  found,  cognate 
to  the  foregoing; — the  latter  article  being  wholly 
occupied  with  discussions  concerning  the  intimate 
nature  of  these  supposed  vibrations,  and  of  the 
medium  within  which  they  are  imagined.  Enough 
for  present  purposes  has  here  been  said. 

lAght,  Eqiiniion  of.  The  allowance  to  be 
made  for  the  time  occupied  by  light  in  traversing 
a  variable  space. 

liight,  Velocity  of.  In  our  notice  of  the 
Satellites  of  Jupiter  (see  JuriTER)  it  is  mentioned 
how  certain  apparent  irregularities  as  to  the  oc- 
currence of  tliese  Eclipses,  led  the  Astronomer 
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Rcemer  to  the  memorable  discovery  that  Light 
has  a  definite  velocity, — travelling  through  the 
space  between  the  Earth  and  that  Planet  at  the 
rate  of  198,000  miles  in  one  second  of  time. 
This  same  velocity  appears  to  obtain  everywhere 
within  the  sphere  of  our  Solar  System,  and  there 
are  grounds  for  the  presumption  that  it  holds 
good,  or  very  nearly  so,  through  all  the  remoter 
interstellar  spaces.  But  although  this  important 
question  seemed  settled  with  every  attainable  satis- 
faction, another  remained,  of  greatest  moment  in 
Physical  Optics, — the  question,  indeed,  on  which 
a  right  decision  between  the  two  opposing  Theories 
of  Light,  appeared  to  depend, — viz.,  does  Light 
move  with  the  same  velocity  through  different  me- 
dia ;  and,  if  not,  can  we  ascertain  and  accurately 
state  the  difference  of  its  varying  velocities  ?  Con- 
sidering the  amazing  average  velocity  of  light,  it 
might  well  have  seemed  adventurous  if  not  hope- 
less, to  search  a  definite  measure  of  small  varia- 
tions in  that  velocity ;  nevertheless  the  diflficulty 
rather  stimulated  than  repelled  Arago,  to  whom  we 
unquestionably  owe  the  impulse  that  has  resulted 
so  auspiciouslj'.  It  has  already  been  explained, 
how  this  philosopher  and  Fresnel  attempted  the 
solution  by  measurements  of  displacements  of  the 
ii'inges  of  diffraction ;  but  Arago  was  stirred  to- 
wards the  effort  to  obtain  a  du-ect  and  wholly 
imtheoretical  measure,  by  the  success  that  attended 
the  labours  of  Professor  Wheatstone  in  relation  to 
the  velocity  of  Electricity.  The  principle  of  the 
turning  mirror,  applied  by  Wheatstone  (see  Elec- 
tricity, Velocity  of),  took  strong  hold  on 
Arago's  imagination ;  and  in  connection  with  M. 
Breguet  he  had  devised  a  mechanism  very  simUar 
to  Wheatstone's,  capable  of  virtually  turning  a 
mirror  three  thousand  times  in  a  second,  and  from 
whose  action  he  fondlj'  expected  the  coveted  re- 
sults. Unhappilt',  dimness  of  sight — one  of  the 
few  infirmities  of  his  age — overtook  the  illustrious 
French  Physicist,  before  his  projected  experiments 
could  be  realized :  but  he  lived  to  know  that  his 
ideas  had  been  successfully  carried  out  (and  in  a 
way  much  more  efficient  than  by  the  plan  he 
had  proposed)  by  his  ingenious  countrymen  Fou- 
cault  and  Fizeau.  The  investigations  of  tliese 
inquirers  were  conducted  apart,  and  depend  on 
different  principles.  (1.)  The  researches  of  M. 
Foucault  rest  on  an  ingenious  contrivance,  by 
means  of  which — through  effect  of  a  combination 
of  spherical  and  plane  mirrors— he  made  the  image 
of  an  object  coincide  with  the  object  itself,  so  that 
both  could  be  seen  at  one  and  the  same  time; 
the  image  being  formed  by  successive  reflections  of 
the  direct  rays,  and  after  these  rays  had  traversed 
a  considerahle  space.  One  essential  portion  of 
the  apparatus  was  a  plane  mirror,  so  placed,  that 
although  its  inclination  were  in  any  way  changed, 
the  coincidence  of  the  image  with  the  object  would 
not  be  disturbed.  Nay,  if  the  transit  of  Light 
were  an  instantaneous  act,  this  mirror  might  even 
be  made  to  rotate  on  its  centre  with  any  degree 
of  velocity  and  still  no  disturbance  would  take 
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r  place.  Light,  however,  not  being  instanfaneous 
i!  in  its  transmission,  it  is  easy  to  see  tliat  the  very 

-  rapid  rotation  of  this  mirror  might  be  made  the 
means  of  separating  tlie  image  from  the  object, 
because  the  ray  issuing  from  the  same  point 
might  come  to  be  reflected  by  it  in  two  different 
positions,  on  account  of  the  time  occupied  in  the 

-  ray's  passage  through  the  long  devious  route  caused 
by  several  reflections.    On  this  simple  principle 

tFoucault  constructed  that  ingenious  and  alto- 
gether adequate  mechanism,  described  at  full 
length  in  his  own  memoirs,  and  in  the  last  edi- 
ition  of  Pouillet's  Physique.  He  immediately  ap- 
pplied  it  to  detect  the  difference  of  the  velocity  of 
LLight  when  passing  through  air  and  water.  The 
loriginal  object  was  a  small  square  diaphragm 
:crossed  in  the  middle  by  a  fine  platinum  wire, 
iln  this  case  he  made  two  images  of  the  object 
acoincide,  and  examined  them  through  an  ordi- 
nary eye-piece.  When  the  mirror  was  at  rest  the 
ttwo  images  appeared  as  under.    The  bright  one 
— the  image  through  the 
air — overlapping  the  centre 
of  the  darker  one,  or  of  the 
image  derived  from  the  ray 
passing    through  water. 
The  platinum  wire  will  be 
noticed  passing  through  the 
centre  of  both.   The  mirror 
was  then  put  in  rapid  rota- 
tion; and  the  images  ap- 
Both  were  displaced,  showing 
hthat  light  has  a  definite  velocity,  or  takes  time 
to  travel;  but  the  image 
fonned  by  the  ray  passing 
through  the  tube  of  water 
V!  as  displaced  ike  most:  thus 
provingbeyond  a  doubt  that 
light  travels  more  swiftly 
through  air  than  through 
water;  signally  confirming 
Aragos  deductions  from  the 
displacement  of  the  fringes 
of  diffraction ;  and  settling 
r  ever  this  cardinal  point  of  difference  between  the 
al  theories  of  Light.  Foucault  further  com  puted 
amount  of  the  difference,  and  thereby  deter- 
ined  the  relative  indices  of  refraction  of  the  two 
icdia — (2.)  The  principle  of  the  apparatus  of 
izeau  is  very  difierent.    He  also  produced  an 
"age  of  an  object  by  rays  which,  by  aid  of 
vera!  reflections,  had  been  made  to  pass  through 
iig  distances ;  but  instead  of  a  rotatory  mirror 
e  employed  a  toothed  wheel,  which  had  been 
lade  to  rotate  with  immense  rapidity  by  M. 
-reguet.    Placing  this  wheel  so  that  its  teeth 
nould  coincide  with  the  focus  of  the  returned 
lys  forming  the  image,  he  caused  it  to  rotate 
ntil  no  image  could  be  seen— until  in  fact  the 
nage  was  eclipsed :  and  a  part  of  the  apparatus 
itormed  him  of  the  velocity  of  the  wheel's  rota- 
on  at  the  moment  when  that  end  was  gained, 
t  18  very  evident  that  this  velocity  must  be  a 
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direct  index  of  the  velocity  of  Liglit ; — had  Light 
passed  from  point  to  point  instantaneously,  there 
could  have  been  no  eclipse.  Fizeau  immediately 
entered  on  the  same  course  of  investigation  as 
Foucault,  and  with  the  same  results.  But  he  has 
further  started  on  a  new  career, — investigating 
the  effects  of  the  motion  of  the  medium  through 
which  the  light-wave  passes,  on  the  velocity  of 
its  propagation.  These  effects  in  the  case  of 
flowing  water  are  palpable,  or  rather  considerable 
and  perfectly  regular,  so  that  for  the  first  time 
science  has  obtained,  through  decisive  experiment, 
a  knowledge  of  the  effects  of  the  motion  of  pon- 
derable matter  on  the  velocity  of  light. — It  cannot 
be  doubted,  that  from  the  sources  now  indicated, 
we  may  gather  most  important  and  unexpected 
facts  regarding  the  constitution  and  relations  of 
these — at  present — rather  hypothetical  Ethers. 

liightniiig.  A  spark  of  electricitj',  disen- 
gaged during  an  electric  discharge,  either  from 
cloud  to  cloud,  or  between  the  clouds  and  the 
earth.  It  is  easy  to  distinguish,  these  two  kinds 
of  lightning.  If  the  lightning  joins  two  clouds  at 
unequal  heights,  the  sky  is  irregularly  illumined  : 
but,  if  it  passes  from  a  cloud  to  the  earth,  we  ob- 
serve a  narrow  fork  of  dazzling  light,  quite  limited, 
and  bordered  by  a  sort  of  halo.  Arago  distinguishes 
three  kinds  of  lightning. — (1.)  Zig-zag  flashes, 
that  frequently  bifurcate  or  trifurcate  at  their  ex- 
tremity: they  may  sometimes  divide  into  a 
greater  number  of  parts. — (2.)  Sheet  Lightnings, 
presenting  themselves  as  lights  that  illumjne  the 
outlines  of  the  clouds:  these  are  most  common 
when  the  air  is  very  moist,  and  they  do  not 
appear  to  have  very  great  tension. — (3.)  Ball 
lightnings  or  globes  of  Jire :  these  move  slowly 
from  the  clouds  to  the  Earth,  and  are  visible  for 
several  seconds.  M.  Arago  demonstrates,  that 
lightnings  of  the  first  and  second  classes  do  not 
last  for  the  millionth  part  of  a  second : — their 
length  or  continuity,  therefore,  depends  on  the 
principle  of  the  persistence  of  images  on  the  re- 
tina.— Lightning  generally  moves  from  the  clouds 
to  the  earth,  but  on  occasion,  the  earth  is  the 
originator  of  the  discharge,  and  the  lightning 
seems  to  move  upwards.  The  writer  of  this 
notice,  was  once  witness  of  a  remarkably  brilliant 
and  continued  discharge  of  this  kind,  while  cross- 
ing Shap-fell — The  colour  of  lightning  is  gene- 
rally a  dazzling  white:  sometimes,  however, 
it  verges  towards  violet.  We  know  that  the 
colour  of  the  ordinary  electric  discharge  varies 
with  circumstances.  See  Electrical  Egg. — 
When  lightning  falls  to  the  surface  of  the  Earth, 
it  naturally  follows  the  best  conductors,  chiefly 
attaching  itself  to  metals.  This  rule,  however,  is 
not  absolute.  The  absolute  rule  is,  that  it  follows 
the  line  of  least  resistance.  It  will  leave,  there- 
fore, a  long  but  tortuous  good  conductor,  for  a  less 
perfect  one,  that,  by  its  comparative  shortness, 
offers  in  reality  a  less  obstructed  route.  If  light- 
ning meets  with  bodies  that  are  bad  conductors 
it  pierces  them,  breaks  them  and  scatters  them 
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about  with  irresistible  force:  instances  of  these 
its  most  disastrous  effects,  are  unhappily  too 
numerous. — This  meteor  is  assuredly  the  most 
imposing  of  any  in  the  Heavens ;  and  it  long 
passed,  and  in  many  places,  or  rather,  with  the 
ignorant  in  all  places,  it  passes  still,  as  a  sign  of 
celestial  wrath.  Listca  to  the  wisdom  of  old 
Lucretius : — 

"Postremo,  cur  sancta  Deftm  delubra  suasqac 
Diseutit  infesto  praiclaras  fulmiiie  sedes 
Et  bene  facta  Oeiim  fraugit  simulacra,  suisqne 
iJemit  imaRinibus  violento  vulnere  honorem  ? 
Altaque  cur  plerumque  petit  loca  ?  pluriraa  quo  plus 
Moiitibus  ia  summis  vestigia  cernimua  ignis?" 

For  something  on  the  odour  of  lightning,  and  the 
electric  odour  in  general,  see  Ozone. 

Ijightiiing  Conductors.  The  disasters  often 
due  to  powerful  Atmospheric-Electrical  discharges 
led  very  early  to  the  question,  whether  means 
for  security  could  be  devised.  The  points  at  one 
time  in  doubt  as  to  Thunder-rods,  are  now 
well-nigh  settled.  They  ought  to  be  pointed  at 
the  top,  connected  at  the  bottom  with  some  layer 
of  the  earth  considerably  below  the  surface,  and 
every  metallic  portion  of  the  roof  to  be  protected, 
ought  to  be  joined  with  the  conductor.  These  rods 
or  metallic  strips  should  likewise  be  of  considerable 
dimensions — a  thin  rod,  as  Faradaj'  has  shown, 
presents  so  much  resistance,  that  lateral  discharges 
of  a  destructive  kind,  are  not  prevented  by  it. — At 
best,  however,  the  Thunder-rod  is  only  a  protec- 
tion within  a  very  few  feet  of  its  position,  unless  it 
be  literally  connected  by  sufficient  strips  of  metal, 
with  the  other  parts  of  the  roof.  In  proof,  as 
quoted  by  Sir  William  Snow  Harris,  the  main- 
mast of  H.M.S.  Endj-mion  was  protected,  the 
foremast  not:  and  a  flash  of  lightning  striking 
the  latter,  shivered  it  to  atoms. — To  the  ex- 
cellent Inquirer  just  named,  we  owe  oui'  best 
arrangement  of  Marine  lightning  conductors.  A 
continuous  rod,  applied  to  the  ship's  mast,  is  im- 
practicable, because  of  the  necessity  of  elevating 
or  lowering  the  masts ;  nor  is  a  chain  altogether 
suitable,  inasmuch  as  every  transition  from  link 
to  link — unless  they  are  pressed  together  by  ex- 
treme tension — is  a  break,  to  a  certain  amount, 
in  the  chain's  conductibility.  Sir  William  over- 
came the  difficulty,  and  imparted  all  the  advan- 
tages of  fixed  conductors,  to  those  used  at  sea,  by 
a  very  simple  and  ingenious  contrivance.  He 
inlays  a  slip  of  copper  along  the  entire  length  of 
each  mast ;  and  these  slips  are  so  arranged,  that 
whatever  the  elevation  or  depression  of  the  mast, 
the  perfect  metallic  contact  between  the  adjacent 
ones,  is  maintained.  The  lower  portion  of  the 
conductor  terminates  in  the  sea.— No  doubt  now 
remains  as  to  the  entire  efficacy  of  this  excellent 
contrivance;  experience  has  pronounced  its  verdict, 
for  many  ships  have  thereby  been  preser\-ed  from 
destruction.  We  desire  most  earnestly  to  see  it 
adopted  as  universally  by  our  Mercantile  Marine, 
as  it  has  been  by  the  Navy.  Old  prejudices  still 
exist  however,  and  men  are  eveu  yet  found  to 
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allege  that  such  conductors  are  dangerous,  because 
they  attract  the  lightning.  No  conductor  altraeta 
lightning ;  it  merely  furnishes  it  with  a  safe  road 
to  the  earth,  when  it  strikes  a  ship  or  a  building. 

liimb.  The  edge  of  a  planet  is  called  its 
Umb,  and  so  also  the  edge  of  any  circle  of  an  as- 
tronomical instrument. 

liimite,  Doctriue  of.  The  principle  upon 
which  the  processes  of  the  integral  calculus,  and 
most  of  those  of  the  differential  calculus  depend 
is  this,  that  when  we  are  unable  by  the  applica- 
tion of  ordinary  means  to  arrive  at  any  conclu- 
sion regarding  a  certain  object — as,  regarding 
the  exact  length  of  a  curve — we  may  suppose 
that  object  replaced  by  another,  which  can  be 
conceived  to  come  quite  indefinitely  near  to  it; 
and  apply  our  reasoning  to  that  instead.  Thus, 
to  take  the  case  of  a  curve,  whose  length  we 
want  to  know,  we  may  substitute  for  the  curve 
A  B,  a  polygonal  line  A  d  b,  which  is  very  nearly 
of  the  same  length,  and  calculate 
the  length  of  that  line.  Evidently 
this  will  not  give  quite  the  result 
we  want,  but  we  may  take  still 
smaller  sides — as,  for  example, 
the  polygonal  line  a  c  d  e  b.  If 
we  can  calculate  the  length  of  this, 
it  is  evidentlj' nearer  to  that  of  the 
curve,  though  still  not  exactly 
equal  to  it.  If  we  suppose  points 
taken  between  a  and  c,  c  and  d, 
&c.,  all  joined  successivelj'  with 
A,  c,  &c.,  we  shall  evidently  have 
a  closer  and  closer  approach.  The 
smaller  each  little  side  of  the  poh-- 
gon  becomes,  the  larger  manifestly  will  be  the 
total  sum,  and  the  nearer  to  the  ultimate  value  we 
desire.  Now,  if  we  suppose  the  little  sides  to  b6 
quite  indefinitely,  or,  indeed,  infinitely  small,  it  is 
manifest  that  our  result  will  be  indefinitely  or 
infinitely  near  to  the  one  which  we  desire,  and 
we  can  therefore  take  it  without  practical  error, 
if  it  be  indefinitely  near — without  any  error,  if 
infinitely  so  —  for  that  which  we  have  been 
seeking. — The  purpose,  then,  of  the  doctrine 
of  limits  is,  that  by  it  we  may  be  enabled  to 
substitute  m  our  reasonmgs  concerning  matters 
which  we  cannot  accurately  grasp,  others  which 
we  can ;  and  that  ha\-ing  concluded  our  processes 
regarding  these  latter,  and  obtained  results  re- 
garding them,  we  may  then  apply,  instead  of  the 
general  values  of  this  latter,  which  have  been 
employed,  those  special  values  which  come  im- 
measurably or  infinitely  near  the  original  sub- 
jects of  thought;  and  so,  obtain  special  results 
absolutel}'  true  for  these  limiting  cases,  and  there- 
fore indefinitely  near  the  truth — so  near  that  the 
error  shall  be  capable  of  being  made  less  than 
any  given  quantity,  however  small. — The  doctrine 
of  limits  maj-  be  readily  understood  by  aid  of  th6 
calculus: — Supposewe  have  an  unknown  quantity 
X,  and  two  functions  of  it,  f  (ar)  and  f  (x),  thatis, 
two  quantities  whose  algebraical  expression  con- 
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ains  X,  and  whose  value,  therefore,  depends  on  the 
.alue  tliat  may  bo  assigned  to  it.  Then,  let  it 
«  supposed  that  we  have  two  definite  values  of 
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18  variable  x,  which  differ  by  h ;  suppose  x  and 
-|-|-  A,  it  is  required  to  find  the  value  of  the 
.tio  which  the  difference  of  f  (a;  -)-  K)  and  f  (a;) 

rs  to  that  of  the  difference  of  f(x-\-  h)  and 
i(x).  This  is  quite  a  general  functional  pro- 
and,  so  far,  has  nothing  to  do  with  the 
"trine  of  limits.  But,  suppose  that  we  want 
k  know  what  this  value  will  become  when  h  be- 
'es  indefinitely  or  infinitely  small.  This  is  a 
oblem  where  limits  are  introduced,  and  one 
■"ere  the  rules  established  upon  the  doctrine  of 
'nits,  in  that  branch  of  mathematical  science 
ued  the  differential  calculus,  at  once  come 
our  aid.  The  true  logical  foundation  of 
18  calculus  is  unquestionably  the  doctrine  of 
nits ;  nor  have  our  theories  regarding  it  any 
piificance  independently  of  it.  See  the  article 
3ULUS ;  also  Dr.  "Whewell's  excellent  treatise 
•J  the  Doctrine  of  Limits,  or  the  preface  to  De 
"rgan's  Calculus. 

Iqnid  is  that  condition  of  each  internal  part 
a  body,  which  consists  in  tending  to  preserve 
efinite  volume,  and  resisting  change  of  volume, 
d  in  offering  no  resistance  to  change  of  figure, 
t  it  is  known  that  most  substances,  and  believed 
it  all  substances,  are  capable  of  assuming  the 
Hid  condition  under  suitable  circumstances. — 
le  property  of  offering  no  resistance  to  change 
''gure,  is  common  to  the  condition  of  Liquid 
d  Gas,  and  constitutes  the  Jluid  condition, 
le  liquid  condition  is  distinguished  from  the 
^eona  by  the  property  of  tending  to  preser\'e  a 
nite  volume,  whereas  a  gaseous  body  tends  to 
and  indefinitely — It  follows  from  the  property 
not  resisting  change  of  figure  of  the  internal 
'8,  that  a  liquid  mass  can  neither  resist  nor 
Mt  a  pressure  in  any  direction  except  perpen- 
ular  to  its  surface,  and  that  the  pressure  ex- 
ed  at  a  given  point  in  a  liquid  mass,  between 
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the  two  portions  of  liquid  on  either  side  of  any 
surface  pas-sing  through  that  point,  must  neces- 
sarily be  perpendicular  to  that  surface,  and  of 
equal  intensity,  in  what  angular  direction  soever 
the  surface  traverses  the  given  point.  This  prin- 
ci])le  is  the  foundation  of  those  branches  of 
mechanics  which  are  called  Hydrostalica  and 
Hydro-dynamics  respectively — The  compressibility 
of  a  liquid,  that  is  to  say,  the  fraction  by  which 
the  volume  of  a  liquid  mass  is  diminished  by  the 
application  of  a  pressure  of  a  given  intensity  to 
its  external  surface,  is  for  all  substances  very 
small.  See  Elasticity,  §§  4,  5.  With  respect 
to  resistance  to  compression,  every  liquid  is  per- 
fectly elastic.  See  Elasticity,  §  8. — Every 
liquid  possesses  a  certain  amount  of  tenacity  or 
direct  cohesion,  whereby  its  parts  resist  separation 
by  being  directly  torn  asunder. — This  cohesion 
has  been  proved  to  be  the  result,  in  whole  or  in 
part,  of  an  attractive  force  between  the  particles 
of  the  liquid,  which  acts  at  appreciable,  though 
exceeding  small  distances ;  in  consequence  of 
which  there  exists,  at  the  external  surface  of 
everj'  liquid  mass,  a  layer  or  film  of  liquid,  of 
unknown,  but  exceedingly  small  thickness,  which 
is  of  somewhat  less  density  than  the  internal 
mass  of  liquid,  and  consequently  in  a  state  of 
tension.  This  superficial  tension  is  the  force 
which  sustains  a  hanging  drop  ;  and  its  amount 
may  be  computed  from  the  weight  and  dimen- 
sions of  the  largest  drop  of  the  liquid  which  can 
hang.  It  causes  the  surface  of  every  isolated 
mass  of  liquid  (such  as  a  falling  drop),  or  cavity 
in  a  mass  of  liquid  (such  as  an  air- bubble),  to 
contract  to  the  smallest  possible  dimensions,  and 
consequently  to  assume  the  figure  of  a  sphere. 
It  also  causes  the  surface  of  every  isolated  jet  of 
liquid  to  tend  to  assume  a  form  of  circular  sec- 
tion, or  to  oscillate  about  such  a  form.  It  modi- 
fies the  form  of  the  surface  of  every  mass  of  liquid, 
by  rounding  more  or  less  the  corners  which  would 
otherwise  be  angular — Cohesion  also  exists  to  a 
greater  or  less  degi-ee  between  liquids  and  solids  ; 
and  the  combined  effects  of  this  force,  and  of  the 
superficial  tension  due  to  the  cohesion  of  the 
liquids  themselves,  constitute  what  are  known  aa 
phenomena  of  capillary  attraction. — It  is  by 
reason  of  this  tendency  of  the  external  film  of  a 
liquid  mass  to  assume  a  definite  figure,  viz., 
the  sphere,  that  in  defining  the  word  "  liquid  " 
at  the  beginning  of  this  article,  non-resistance  to 
change  of  figure  has  been  predicated  of  tlic  infer- 
nal parts  of  a  liquid  body  only,  and  not  of  the 
whole  mass.  The  superficial  tension,  however, 
is  so  feeble,  that  in  all  hydrostatical  investigations 
relative  to  masses  of  liquid  mucii  exceeding  the 
dimensions  of  a  drop,  it  may  be  neglected  In- 
termediate between  the  liquid  and  the  solid  con- 
ditions, are  the  viscid,  plastic,  and  gelatinous  con- 
ditions, in  wliich  the  power  of  resisting  change  of 
figure  is  possessed  imperfectly  hy  the  internal 
parts  of  the  mass.  ELASTicm',  §  8.  Tho 
sliding  of  particles  of  liquid  over  each  other,  oi 
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over  a  solid  surface,  is  resisted  by  a  force  known 
by  the  name  of  friction,  although  its  laws  are 
different  from  those  of  the  friction  of  solid  bodies. 
Liquid  friction,  or  resistance,  is  independent  of 
the  pressure,  and  is  nearly  proportional  to  the 
square  of  the  velocity  of  sliding,  and  to  the  area 
of  the  surface  over  which  sliding  takes  place. 
The  mechanical  energy  which  disappears  in  over- 
coming this  kind  of  resistance,  is  replaced  by  an 
equivalent  quantity  of  heat.  See  Heat,  Mechan- 
ical AcTiOiV  OF,  §§  1,  2.  The  laws  of  liquid  re- 
sistance form  the  foundation  of  that  branch  of 
Hydro-dynamics  which  relates  to  the  flow  of 
liquids  from  orifices  and  through  channels. — It  is 
known  of  most  liquids,  and  believed  of  all,  that 
at  certain  temperatures,  called  their  respective 
freezing  points,  they  assume  the  solid  condition, 
which  they  retain  at  all  lower  temperatures. 
Some  substances  undergo  an  increase  of  volume 
in  the  act  of  freezing,  and  all  produce  certain 
quantities  of  heat,  which  have  to  be  abstracted, 
or  the  freezing  will  not  proceed.  Heat,  Me- 
chanical Action  op,  §  32.  Equal  quantities 
of  heat  are  made  to  disappear  by  the  act  of  melt- 
ing.— The  volume  of  a  given  liquid  mass  depends 
on  its  temperature :  rise  of  temperature  being  in 
most  cases  accompanied  by  expansion,  and  the  rate 
of  expansion,  with  rise  of  temperature,  being 
greater  at  higher  temperatures,  and  less  at  lower. 
In  the  case  of  water,  the  rate  of  expansion, 
gradually  diminishing  as  the  temperature  becomes 
lower,  disappears  altogether  at  39° '2  Fahr.,  at 
which  temperature  water  attains  its  greatest 
density.  From  this  temperature  down  to  its 
freezing  point,  water  undergoes  expansion  with 
fall  of  temperature.  Whether  a  similar  pheno- 
menon takes  place,  for  any  other  substance  is  not 
known. — The  specific  heat  of  liquids  increases 
slowly  with  rise  of  temperature,  and  appears  to 
be  connected  with  the  rate  of  expansion,  though 
by  what  precise  law  is  unknown.  For  most  sub- 
stances, the  specific  heat  is  different  in  the  solid, 
liquid,  and  gaseous  conditions.  Eise  of  tempe- 
rature increases  the  resistance  of  liquids  to  com- 
pression (Elasticity,  §  5),  .and  diminishes 
their  cohesion.  It  is  known  of  most  liquids, 
and  believed  of  all,  that  for  each  temperature  of 
a  given  substance,  there  is  a  certain  minimum 
pressure  on  its  external  surface,  which  is  neces- 
sary to  its  existence  in  the  liquid  state,  and  under 
which  the  communication  of  additional  heat  to 
the  liquid  mass,  makes  it  boil,  or  emit  bubbles 
of  vapour  from  its  interior.  Tliere  is  also  reason 
to  believe,  that  all  liquids  under  all  circumstances 
emit  vapour  from  their  surfaces,  and  are  sur- 
rounded by  an  atmospliere  of  tlieir  own  vapour. 
See  Heat  and  Vapour.  Liquids  possess,  in 
some  instances,  a  greater  or  less  capacity  for  ab- 
sorbing particular  gases.  Tliis  absorbing  power 
is  increased  by  pressure,  and  diminished  by  rise 
of  temperature.— Liquids  have  also,  in  some  in- 
stances, the  power  of  dissnloing  particular  solids, 
or  other  liquids,  to  a  greater  or  less  extent.  The 
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diffusion  of  dissolved  solids  or  liquids  through  the 
dissolving  liquid,  proceeds  according  to  definite 
laws. — Liquids  are,  in  general,  slow  conductors 
of  heat.  The  transfer  and  diffusion  of  heat  in 
them  takes  place  chiefly  by  convection ;  that  is, 
by  the  circulation  of  currents. — Liquids  are  also, 
in  general,  slow  conductors  of  electricily,  though 
not  so  much  so  as  certain  solid  bodies.  When  a 
liquid  is  capable  of  being  electrically  decomposed, 
an  electric  current  may  be  transmitted  through 
it  by  electrolysis — No  liquid  possesses  the  pro- 
perty of  double  refraction ;  but  some  liquids,  such 
as  turpentine,  and  solutions  of  sugar,  rotate  tlie 
plane  of  polarization  of  a  raj'  of  light.  Several 
liquids  (such  as  the  solutions  of  sulphate  of  quin-  u 
ine,  and  of  the  colouring  matter  of  leaves),  possess 
fluorescence,  or  the  property  of  absorbing  light  of 
a  higher  degree  of  refrangibUity,  and  emitting  in 
its  stead  light  of  a  lower  degree  of  refrangibility, 
— Liquids  are  capable  of  assuming  a  feeble  mag- 
netic or  diamagnetic  condition  by  induction. — 
The  liquid  condition  is  the  most  favourable  of  all 
to  chemical  action. 

I^oci  Piani ;  Kiocns.  The  locus  of  a  point, 
is  the  line  generated  by  that  point  when  it  moves 
according  to  some  detenninate  law :  in  the  same 
manner  the  locus  of  a  line  moving  also  according 
to  detenninate  law,  will  be  some  determinate  sur- 
face.— The  investigation  of  lod,  was  a  favourite 
pursuit  of  the  ancient  geometers, — one  of  the 
most  interesting  works  of  the  great  Apollonius, 
being  his  treatise  De  Locis  Planis,  or  an  inquiry 
into  such  loci,  as  can  be  referred  to  the  straight 
line  or  the  circle.  The  treatise  itself  is  lost; 
but  as  Pappus  has  described  it  pretty  fully,  it; 
became  an  ambition  with  our  best  modem  geo-, 
meters  to  restore  it.  Fermat  made  a  successful 
attempt,  which  he  communicated  to  his  friends  in 
1637.  He  was  followed  by  Schooten  in  1659; 
but  no  one  entered  into  the  true  spirit  of  tht'i 
methods  of  Apollonius,  pre\aous  to  Robert  Simson.i 
who,  in  1746,  gave  to  the  world  his  Apollonii 
loca  plana  restituta.  The  preface  of  this 
markable  work  especially  merits  attention,  becai 
of  the  nice  appreciation  it  contains  of  the  old 
metrical  analj-sis. — The  nature  of  the  problem 
occupying  this  work  of  Apollonius,  will  be  under 
stood  from  the  following  enunciations  of  three  o 
them. — (1.)  Suppose  that  from  any  point  P 
several  pairs  of  lines,  pa,  po;  p  r,  vb;  P 
PC;  &c.,  are  drawn  making  constant  angles  AP 
Bvb,  CP  c,  &c.,  and  that  the  ratio  of  p  a  to  P 
is  the  same  as  that  of  p  b  to  p  b,  &c. ;  or  sup] 
that  the  rectangle  r  a  X  p  «i 's  equal  to  the  rect' 
angle  p  b  X  p  ^,  &c., — then,  if  the  points  A,  b,  c! 
&c.,  have  a.  plane  locus — that  is,  if  they  lieeithc- 
along  a  straight  line  or  a  circular  arc — the  point; 
a,  b,  c,  will  also  have  a  plane  locus,  in  tlie  forme 
case  they  will  lie  along  a  straight  line ,  in  th 
latter  they  may  be  connected  by  a  circular  arc—' 
(2.)  If  from  the  extremities  of  a  straight  liw' 
two  lines  A  p,  bp,  be  drawn,  having  to  each  othc 
a  ratio  of  inequality, — this  point  p,  and  all  othen 
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tr,  &c.,  n  wlucli  lines  a p,  Bp,  a  ir,  b  tr,  hav- 
■  l;  the  same  ratio,  can  terminate,  will  have  as 
laeir  locus  the  circumference  of  a  circle. — (3.)  If 
i;x)m  any  number  of  points,  a,  b,  c,  d,  e,  &c.,  there 
■e  dravin  lines  to  any  number  of  other  points, 
,  p,  a-,  &c.,  so  that  the  sums  of  the  squares  of 
lae  lines  a  p,  b  p,  c  p,  &c.,  be  equal  to  the  sums 
■f  the  squares  of  the  lines  a^,  up,  cp,  &c.,  and 
)  on  with  regard  to  ■r,  &c.,  then  the  points  p, 
,  r,  &c.,  must  all  be  in  the  circumference  of  a 
rirde  whose  centre  and  diameter  may  be  deter- 
iiined. — This  latter  proposition  enunciates  a  very 
larious  property  of  the  circle,  and  touches  closely 
II  the  subject  of  the  Centre  of  Gravity. — The 
ii.Tident  is  further  refeired,  as  to  problems  con- 
nrning  Loci,  to  Sir  John  Leslie's  GeomeiHcal 

■  nalysis. 

1  IjocomotiFc  Engine.  See  Steam  Engixb. 
1  liOgarithm.  A  name  given  to  those  auxi- 
;ary  numbers — the  first  conception  of  which  we 
we  to  Lord  Napier,  or  Neper,  of  Merchistoun — 
7  whose  aid  difficult  arithmetical  operations  are 
^  greatly  abridged.  It  has  now,  however,  a 
(ider  meaning,  and  belongs  also  to  Symbolical 
Jdgebra. — The  nature  and  Theory  of  Logarithms, 
swell  as  the  mode  of  computing  them  are  easily 
ririved  from  the  exponential  Equation 

liere  x  is  the  logarithm  of  the  number  or  quan- 
y.y  y,  and  j  any  number  or  quantity  whatever, 
wmed  the  base  of  the  peculiar  logarithmic  sys- 
nm.  Take  two  numbers  and  their  corresponding 
[garithms, — 

£'  =  y 
£^'  =  y 

Mtiplying  these  two  equations,  and  dividing 
e  one  by  the  other,  we  have 

,z  —  x'  y 

I   J 

y 

« other  words,  the  sum  of  the  logarithms  of  two 
intities  is  the  logarithm  of  the  product  of  these 
Mities,  and  the  difference  of  their  logarithms 
iihe  logarithm  of  their  quotient.  Again,  ex- 
-acting  the  n'"  root  of  both  sides  of  the  fore- 
^ing exponential  equation,  and  raising  both  sides 
tithe  nth,  power,  we  obtain 

X  n 

and  £"«  =  : 

«Ae  logarithm  of  a  quantity  divided  hy  n  is 

■  loganihm  of  the  n"'  root  of  the  quantity; 
,  a  the  same  logarithm  multiplied  hy  n,  is  the 
"mthm  of  the  n"^  power  of  the  quantity.— It 

U  be  seen  at  a  glance  liow  extensively  tiie  in- 
■iJtion  of  these  numbers  and  the  use  of  the  tables 

constructed,  must  go  to  simplify  and  abbie- 
•te  aU  numerical  processes.— There  arc  two  or 
^•ee  mmor  arithmetical  propositions  worthy  of 
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being  noticed.  If  the  quantity  yha  =  1,  its 
logarithm  is  o,  whatever  the  base  e,  because, 

«"=  1. 

Again,  iSy  —  o,  the  Icgarithm  must  be  —  a  , 
because 

£  OC 

Tlie  logarithms  of  numbers  between  1  and  0,  there- 
fore, must  be  negative,  whatever  the  base  i: 
those  greater  than  1,  must  be  positive;  while 
logarithms  of  negative  numbers  do  not  exist,  or 
are  imaginan^.  We  are  supposing  that  the  base 
£  is  greater  than  1  or  positive.  It  may  be  any 
number  whatsoever.  In  the  Neperian  system  it 
is  2-718281,  for  a  reason  that  will  afterwards 
appear :  in  the  tables  commonly  in  use,  and  which 
are  much  more  convenient,  it  is  10  :  this  change 
was  introduced  by  Briggs.— Let  us  now  present 
the  series  that  represent  the  relations  of  loga- 
rithmic quantities.  The  following  exponential 
development  is  well  known : — 


a'i'=l-j-Aa;-j- 


1-2 


+  1-2-3  + 


let  a;  =  _  and  we  have 

A 

1 


+  r-2 


+ 


1  -2  -S-* 


-f  &c. 


if  A  be  1,  we  have  the  quantity  £,  or  the  base  of 
the  Neperian  system ;  that  is 

•=2  +  i-^+I-:i3  +r 


1 


2  -3  -4 


-f  &c. 


which  series  when  summed  is  approximately 
2-718281:  hence 


e''  =  1 


Since  o*- 


iC  X 


£,  it  is  clear  that 
£A  =  a ; 

that  is,  A  is  the  Neperian  logarithm  of  any  other 
base  a. — 

Reversing  the  foregoing  series,  we  get  in  the 
system  of  Neper 


log  (1+2/) 
and 

by  combining  which,  we  obtain  the  singularly 
converging  series, 


ill 
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1 


+  l)  =  losy  +  2(^^- 


3^2^  +  1)3   '  5(-2y+l) 

by  aid  of  which,  tables  of  numbers  can  easily  be 
computed.  It  is  plain  that  it  is  only  necessary 
to  compute  the  logarithms  of  jmrne  numbers : 
those  of  other  numbers  can  be  determined  from 
one  another. — We  have  said,  however,  that  the 
term  logarithm  has  now  a  much  Avider  signifi- 
cance than  the  mere  arithmetical  one;  it  is  a 
symbolical  term.  The  complete  solution  of  the 
exponential  equation  is  not  confined  within  the 
foregoing  strait  limits.  If 

«'  =  y 

a:  may  have  an  infinity  of  values,  whatever  y 
may  be:  that  is,  ^^has  an  infinity  of  logarithms. 
It  is  known  that 


make 
then 

multiply  by 
and 


cos  6  -\-  sin  (.  aJ—  1 
2  in  !T 


1, 


I  '  =  y 

a:  +  2  OT  ST  V  ~ 


or  if  m  =  0 


V  =  3-1416  = 


L—  1 


In  other  words,  x  -\-2m  i/—  i  is  the  com 
pletj  or  symbolical  logarithm  of  y.  Denoting 
this  complete  expression  by  l,  and  the  arithmeti- 
cal Neperian  logarithm  by  I,  the  foregoing  ex- 
pression may  be  written 

i,y=ly-\-2mv's/  —  1, 

or  again     IjZ  ==  Iz  -\-  2n  tr  V —  1. 

Multiply  and  divide,  and  we  obtain 

i,y  z  =  ly  z  -\-  2  (in  -\-  n)  ■r  V —  1 

and         =  I  ^      2  (m  —  n)  ■r 
0  z 

The  logarithms  of  negative  quantiiies  have  sym- 
bolical representatives,  although  the  logarithms 
of  negative  numbers  are  imaginary.  For  instance, 
let  ^  =  (2  m  1)  ir,  m  being  a  whole  number, 
then,  substituting  as  previously  in  the  original 
equation, 

^Cim  +  \)^V-\  ^^^^  (2  77»+l)^ 
-f-  sin  (2  77J      1)  !r,  V—  1 

"Whence    l  —  1  =  (2  m  +  1)  «•  V—  1 
or  generally 

L  —  X  =  Ix  -\-  (2  VI  -\-  1)  «  t/^l 
From  the  value  of  l  —  la  curious  symbolical 
result  is  deducible,  viz. : — 

(2,u-f-l).  =  ^^, 


For  further  and  full  information  a-s  to  general  or 
symbolical  Logarithms,  we  refer  the  student  to 
the  writings  of  Professor  de  Morgan. 

liOgarithmic  Carve  :  liogarithmic  Spi- 
ral.   The  equation  of  the  former  is 

y  =  log  X. 

The  polar  equation  of  the  spiral  is 

log  r  =  V 

the  pole  being  at  the  eye  of  the  curve.  An  in- 
terest attaches  to  this  latter  from  the  demonstra- 
tion by  Newton,  that  if  the  force  of  gravity  had 
varied  as  the  inverse  cubes  of  the  distances,  the 
planets  would  have  receded  from  the  sun,  and 
that  their  paths  would  have  been  Logarithmic 
Spirals. 

liongitudc  Astronomical.  If  a  great  circle 
be  drawn  through  a  star  from  the  pole  of  the 
Ecliptic,  the  portion  of  the  Ecliptic  intercepted 
between  the  first  point  of  Aries,  and  its  section  by 
that  great  circle,  is  the  longitude  of  the  star, 

Kiougitnde  Terrestrial.  The  difierence  of 
the  longitude  of  two  places,  is  the  angle  formed 
by  their  meridians,  or  the  portion  of  the  Equator 
intercepted  by  those  meridians.  The  absolute 
Longitude  of  any  place  is  a  similar  arc  of  the 
Equator,  between  the  meridian  of  the  place,  and 
some  other  meridian  or  great  circle  that  has  been 
arbitrarily  selected  as  the  first  meridian.  In  all 
our  English  maps,  and  in  those  of  several  other 
countries,  the  first  meridian  is  the  one  passing 
through  the  Observatory  of  Greenwich;  in  France 
they  reckon  from  the  Observatory  of  Paris ;  and 
in  North  America  they  now  sometimes  begin 
with  the  meridian  of  Washington — It  is  easy  to 
see  that  the  determination  of  the  difierence  of 
Longitude  of  two  places,  is  equivalent  to  tie 
determination  of  the  difference  of  time  at  the  two 
places.  As  the  Earth  rotates  on  its  axis  tbroupli 
fifteen  degrees  everj'  hour,  it  is  clear,  that  a  place 
whose  meridian  is  fifteen  degrees  west  of  that  of 
another,  will  have,  as  its  time,  eleven  o'clock  a.m. 
when  the  Sun  culminates  at  the  latter,  or  when 
it  is  twelve  o'clock  there ;  while  at  a  place  as  far 
to  the  cast,  the  clock  must  point  to  one  r.n.  If. 
therefore,  we  can  find  these  difl^erences  of  times, 
the  problem  regarding  Longitude  is  solved. 
Now,  since  it  is  easy  to  find  the  absolute  time 
at  any  one  place  (see  Ti.me),  —  saj'  at  St. 
Helena,  the  observer  at  St.  Helena  will  have  r 
foimd  his  longitude  when  he  ascertains  the  cor-  ■ 
responding  time  at  Greenwich.  This  is  accom-  r 
plished  by  astronomical  observations  depending  on  p 
a  simple  principle.  Changes  of  position  among  ft 
the  celestial  bodies,  or  other  noted  events,  whose 
advent  can  be  calculated  beforehand,  are  inces- 
santly occurring  in  the  sky.  Let  us  suppose  tic 
times  of  the  occuirence  of  these  events  at  Green 
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•n-icli,  to  be  computed  for  several  years  to  come, 
and  that  an  accurate  list  of  such  occurrences  and 
their  Greenwich  time,  are  published; — an  act 
really  done  in  our  admirable  National  Ephemeris 
— the  Nautical  Almanac.  An  observer  at  St. 
Helena  notices  one  of  these  events,  and  marks 
the  St.  Helena  time  of  its  occurrence :  from  the 
Nautical  Almanac  he  learns  the  corresponding 
Greenwich  time; — hence,  his  Longitude. — The 
application  of  this  method  would  be  easy,  if  the 
events  in  question  took  place  at  the  same  absolute 
instant  of  time  at  the  two  places.  But  this  is 
seldom  the  case — never  indeed,  in  regard  to  those 
events,  which  can  be  observed  with  greatest  pre- 
cision. The  different  position  of  the  two  ob- 
servers impresses  different  effects  on  the  apparent 
places  of  the  important  celestial  bodies,  through 
variations  of  refraction  and  parallax;  and  it 
sometimes  happens,  that  before  an  event  observed 
or  predicted  for  one  meridian,  can  be  observed  at 
another,  the  bodies  concurring  to  produce  that 
event,  have  moved  in  the  sky.  To  get  rid  of 
the  influence  of  such  changes,  all  accurate  methods 
of  determining  Longitude  by  the  foregoing  prin- 
ciple, are  encumbered  accordingly  with  long  correc- 
tions or  calculations.  We  shall  offer  one  specimen 
of  them  vmder  Occultation,  in  our  exposi- 
tion of  Bessel's  method;  but  our  limits  pre- 
vent our  going  farther.  It  is  with  no  ordi- 
nary earnestness  that  we  refer  the  reader  desir- 
ous of  studying  the  whole  subject  thoroughly,  to 
tlie  recent  volume  on  Practical  Astronomy  by 
Professor  Loomis  of  New  York— by  far  the  best 
work  of  the  kind  at  present  existing  in  the  Eng- 
lish language.  The  astronomical  events  usually 
emploj'ed  in  the  determination  of  longitude,  are 

these— (1.)  Eclipses  of  Jupiter's  Satellites  (2.) 

Eclipses  of  the  Moon.— Neither  of  these  can 
afford  satisfactory  accuracy. — (3.)  Eclipses  of 
•  the  Sun.— (4.)  The  method  of  Lunar  distances 
—commonly  used  at  sea.— (o.)  Occultations, 
<7.i;.— (6.)  Transits  of  the  Moon,  or  better  still, 
the  method  of  Moon  culminating  stars. — There 
■  ai'e,  however,  two  direct  modes  of  comparing  times 
I  independently  of  celestial  observation,  that  have 
now  risen  into  so  high  importance  in  Geodesy, 
that  it  is  necessary  to  treat  them  at  some  length. 

"'■e  again  indebted  to  Professor  Loomis. 
'.They  are  as  follows  : — 

(!•)  Longitude  Determined  by  Transportor- 
iion  of  Chronometers.  — IhQ  manufacture  of 
chronometers  has  recently  attained  to  such  a 
<legree  of  perfection  as  to  afford  the  means  of 
determining  the  difference  of  longitude  of  two 
•ifltations,  not  too  remote  from  each  other,  with  a 
recision  superior  to  that  of  most  other  methods. 
A  he  following  are  the  essential  steps  of  this 
method  :-_The  time  is  accurately  determined  at 
-ne  station,  Greenwicli,  for  instance,  and  tlie 
hronometer  is  carefully  compared  with  the  transit 
«look;  hence  the  error  of  the  clironometer  on  the 
wnendlan  of  Greenwich  is  known.    The  chrono- 
eter  being  carried  to  a  second  station,  for  ex- 
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ample,  the  Obsen'atory  of  Paris,  is  compared  ^ilh 
tiie  transit  clock  at  that  place.  Thus  the  error 
of  the  chronometer  on  the  meridian  of  Paris  is 
known ;  but  its  error  on  the  meridian  of  Green- 
■wich  at  the  same  instant  is  Icnown,  if  its  rate  be 
known,  and  the  longitude  is  the  difference  of 
these  two  eiTors.  In  grand  chronometric  expe- 
ditions, it  is  customary  to  employ  a  large  number 
of  chronometers,  from  twenty  to  fifty,  or  more, 
as  checks  upon  each  other.— The  most  serioas 
difficulty  in  the  application  of  this  method  con- 
sists in  determining  the  rate  of  the  chronometers 
dm-ing  the  journey,  for  chronometers  generally 
have  a  different  rate  when  transported  from  place 
to  place,  either  by  land  or  by  sea,  from  that 
which  they  maintain  in  an  observatory.  When 
it  is  proposed  to  determine  the  difference  of  longi- 
tude of  two  stations  with  the  greatest  accuracy, 
the  error  of  the  chronometers  should  be  deter- 
mined at  the  commencement  of  the  expedition, 
at  the  first  station;  the  same  thing  should  be 
done  at  the  second  station ;  then,  as  soon  as  pos- 
sible, the  chronometers  should  be  brought  back 
to  the  first  station,  and  their  error  determined 
anew.  The  chronometers  should  thus  be  trans- 
ported back  and  fomard  a  considerable  number  of 
times. — Let  us  designate  the  eastern  station  by  a, 
the  western  by  b,  and  the  west  longitude  of  the 
place  B  from  a  we  will  designate  by  a.  We  will 
suppose  that  at  the  time  t,  at  the  place  a,  the 
error  of  one  of  the  chronometers  was  a ;  that  on 
its  arrival  at  b,  at  the  time  t',  the  error  was  b ; 
and  again,  on  its  return  to  a  at  the  time  i",  the 
en-or  was  a'.  If  we  regard  a  day  as  the  unit  of 
time,  and  represent  the  mean  daily  rate  of  the 
chronometer  during  the  journey  by  m,  we  shall 
have 

a'  —  a 


t"- 


whence  we  may  conclude  that 


or 


a -\- m  (^f  —  i)  —  b, 
■  a'  —  m  Q"  —  t'}  h. 


Each  chronometer  will  afford  an  independent 
determination  of  the  value  of  a ;  and  in  order  to 
detect  any  iiTegularity  in  the  rates  of  the  chrono- 
meters, the}'  should  be  compared  daily  with  each 
other  throughout  the  entire  journey. — Since 
chronometers  almost  invariably  indicate  a  differ- 
ent rate,  according  as  they  are  travelling  or  at 
rest,  if  the  observer  remains  for  several  days  at 
the  station  b,  the  error  of  the  chronometers 
should  be  determined  immediately  upon  arrival, 
and  again  before  departing  from  b  ;  and  the  in- 
terval of  rest  should  not  be  included  in  the  deter- 
mination of  the  value  of  m.  Suppose  we  have 
determined  the  chronometer  errors 

a,  b,  ly,  a', 

corresponding  to  the  times 
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where  a  and  a'  are  supposed  to  have  been  ob- 
tained at  the  place  a  ;  b  was  the  error  on  first 
arriving  at  b,  and  b'  the  error  on  departing  from 
B — Then  the  interval  of  time  embraced  hi  the 
two  joiuniej's  is 

(f  —  0  +  0'"  —  <"). 

and  the  change  in  the  error  of  the  chronometer 
for  the  same  time  is 


(a'  —  a)  —  (b'  —  b). 


Hence  we  have 


(a'  —  a)  —  (?/  —  b) 


{f  -  0  +  it" 


t") 


It  is  indispensable  to  the  accuracy  of  the  results 
thus  obtained,  that  the  time  be  obtained  at  each 
station  with  the  greatest  precision.  Struve  re- 
commends that  the  time  be  determined  with  a 
transit  instrument,  by  observations  of  stars  near 
the  zenith,  inasmuch  as  a  slight  deviation  of  the 
transit  instrument  from  the  plane  of  the  meridian 
does  not  affect  the  time  of  passage  of  a  zenith 
star.  It  is  necessary,  however,  to  luiow  the  in- 
clination of  the  axis  with  the  greatest  accuracj' ; 
and  the  axis  should  be  reversed  upon  its  sup- 
ports during  each  seiies  of  observations,  so  as  to 
eliminate  the  effect  of  unequal  pivots  and  of  col- 
limation  error.  In  order  to  eliminale  the  effect 
of  an}"-  error  in  the  right  ascensions  of  the  stars 
employed,  the  same  stars  should,  if  possible,  be 
obsen-cd  at  both  stations.  For  this  purpose,  a 
catalogue  of  all  the  stars  which  pass  near  the 
zenith,  and  of  a  magnitude  sufficient  to  be  ob- 
sei-\-ed  without  inconvenience,  should  be  prepared 
beforehand,  and  a  copy  furnished  to  eacli  ob- 
server. If  the  places  of  any  of  the  stars  are  too 
imperfectly  known,  they  should  be  carefully  ob- 
served Avith  the  instruments  of  some  large  ob- 
servatory.— The  comparisons  of  the  chronometers 
should  all  be  made  by  observing  the  coincidence 
of  beats.  If  we  imdertake  to  compare  two  clocks 
wliich  beat  seconds  of  the  same  kind  of  time, 
unless  they  happen  to  tick  at  the  same  instant, 
there  is  a  fraction  of  a  second  which  nnist  be 
estimated  by  the  ear.  This  estimation  is  ex- 
tremely difficult,  and  practised  obsen-ers  will 
differ  among  themselves  by  a  quarter  of  a  second, 
and  sometimes  even  more.  '\A'hcn,  however,  the 
two  clocks  happen  to  tick  together,  there  is  no 
fraction  of  a  second  to  be  estimated;  and  a  prac- 
tised ear  will  detect  any  deviation  from  coin- 
cidence in  beats  amounting  to  O'Ols.  Now  a 
sidereal  clock  gains  upon  a  solar  clock  one  second 
in  about  six  minutes ;  and  if  two  such  clocks  are 
placed  side  by  side,  they  must  tick  together  once 
in  every  six  minutes.  In  order  to  compare  two 
such  clocks,  Ave  notice  their  movements,  and  wait 
until  the  beats  sensiblj'  coincide,  when  we  know 
that  their  difference  amounts  to  an  entire  number 
of  seconds,  wliicli  is  readily  discovered.  Chrono- 
meters generally  make  two  beats  in  a  second ;  so 
that  between  a  clock  which  beats  seconds  of 
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sidereal  time,  and  a  chronometer  which  ticks  half- 
seconds  of  solar  time,  there  must  be  a  coincidence 
every  three  minutes.  Chronometers  are  some- 
times made  to  tick  13  times  in  6  seconds.  Such 
a  chronometer,  regulated  to  mean  time,  makes 
121  ticks  in  5G  seconds  of  sidereal  time;  that  is, 
the  coincidences  between  such  a  chronometer  and 
a  sidereal  seconds-pendulum  would  occur  every 
56  seconds.  Moreover,  the  intervals  between  the 
ticks  of  the  chronometer  is  0-4628s.  sidereal  time ; 
and  13  of  these  intervals  are  equal  to  6-OlGs. 
sidereal  time;  54  are  equal  to  24-991s. ;  67  are 
equal  to  31'007s.;  and  121  are  equal  to  55-999s.; 
that  is,  in  the  course  of  56  seconds  there  are  five 
coincidences  within  the  limits  +  0-02s.  Such  a 
chronometer  affords  the  means  of  comparing  by 
coincidences  with  great  rapidity ;  a  consideration 
of  no  trifling  importance  where  80  chronometers 
are  to  be  compared  daily.  Chronometers  are 
frequently  made  to  beat  five  times  in  two  seconds, 
which  gives  a  coincidence  at  every  36  seconds 
with  a  half-second  sidereal  chronometer. — It  is 
also  indispensable  to  the  accuracy  of  the  results 
that  the  personal  equation  of  all  the  observers 
employed  in  obtaming  the  time  should  be  care- 
fully determined.  See  Personal  Equation. 
This  correction  is  the  most  difficult  to  obtain 
satisfactorily,  especially  as  the  Personal  Equation 
is  not  always  a  constant  quantitj',  but  is  hable  to 
vary  with  the  physical  condition  of  the  obser\-er. 
It  is  the  opinion  of  Mr.  Airy,  that  when  a  toler- 
able number  of  chronometers  is  used  for  a  mode- 
rate distance,  and  in  good  observnng  weather,  the 
variation  of  the  personal  equation  is  the  error  to 
be  most  apprehended. 

(2.)  Longitude  Determined  by  the  Electric 
Telegraph. — The  difference  of  the  local  times  of 
two  places  may  be  detennined  by  means  of  any 
signal  which  can  be  seen  or  heard  at  both  places 
at  the  same  instant.  When  the  places  are  ret 
very  distant,  the  explosion  of  a  rocket  or  the  fla>ii 
of  gunpowder  may  serve  this  purpose.  Six  or 
eight  ounces  of  powder  at  night  makes  a  goiHl 
signal  at  a  distance  of  twenty-five  to  thirty  mile? : 
but  for  a  distance  of  ten  miles,  two  or  three  ounce- 
are  sufficient,  if  the  observers  are  provided  witli 

telescopes  But  the  electric  telegraph  aflbrds  the 

means  of  transmitting  signals  to  a  distance  of  a 
thousand  miles  or  more  with  scarcely  any  appre- 
ciable loss  of  time. — Suppose  there  are  two  ob- 
servatories at  a  considerable  distance  from  each 
other,  and  that  each  is  provided  with  a  good 
clock  and  a  transit  instrument  for  determining  its 
error;  then,  if  they  arc  connected  by  a  telegraph  k 
wire,  they  have  the  means  of  transmitting  signals  o 
at  pleasure  from  either  obsemxtorv  to  the  other,  I 
for  the  purpose  of  comparing  their  local  times.  | 
The  signal  is  given  at  cither  station  by  pressing 
a  key,  as  in  the  usual  mode  of  f elegraphuig ;  and 
the  observer  at  the  other  station  hears  the  click 
caused  by  the  motion  of  tiio  armature  of  his 
electro-magnet.    Four  different  methods  of  com- 
l^arison  have  been  practised : — The  Jirst  method 
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is  the  most  obvious  one,  and  consists  in  simpl} 
striki.ig  on  the  signal  key  at  intervals  of  ton 
seconds ;  the  party  at  one  station  recording  the 
time  when  the  signals  were  given,  and  the  other 
party  recording  the  time  when  the  signals  were 
received.    After  about  twenty  signals  have  been 
transmitted  from  tlie  first  station  to  the  second, 
a  similar  set  of  signals  is  returned  from  the  second 
station  to  the  first.    This  mode  of  comparison 
:  has  but  one  serious  imperfection,  and  tliis  is,  that 
i  it  requires  the  fraction  of  a  second  to  be  esti 
I  mated  by  the  ear.    The  party  giving  the  signals 
■  strikes  his  key  in  coincidence  with  the  beats  of 
.  his  clock,  so  that  at  this  station  there  is  no  frac- 
:  tion  of  a  second  to  be  estimated ;  but  at  the  other 
-  station  the  armature  click  will  not  probably  be 
'  heard  in  coincidence  with  the  beats  of  the  clock, 
and  the  fraction  of  a  second  is  to  be  estimated  by 
the  ear.    Now  this  fraction  cannot  be  estimated 
v-ith  the  accuracy  which  is  demanded  in  this 
kmd  of  comparison.    It  is  found  that  observers 
generally  estimate  the  fi-action  of  a  second  too 
sinaU  when  using  the  ear  alone,  unassisted  by 
tlie  eye.    This  error  is  greatest  at  the  middle 
date  between  two  clock  beats,  and  is  found  to 
vary  from  0-06  to  0-18  of  a  second  with  diflferent 
observers.— This  evil  suggested  the  second  method 
of  observation,  which  relies  on  the  coincidences 
of  a  mean  solar  and  sidereal  clock  or  chronometer 
The  followmg  is  the  method  pursued  :_After 
Iransmittmg  a  few  signals  by  the  former  method, 
io  as  to  determine  the  difference  between  the 
-ocal  times  of  the  two  stations  within  a  small 
.  action  of  a  second,  the  party  at  the  first  station 
:ommences  striking  on  his  signal  key  every 
econd,  in  coincidence  with  the  beats  of  his  mean 
olar  chronometer,  and  continues  to  do  so  for  ten 
■r  fifteen  minutes  without  interruption.  The 
warty  at  the  second  station  compares  the  arma- 
■mire  chck  of  his  magnet  with  the  beats  of  his 
lUereal  clock,  and  watches  for  a  coincidence,  and 
2cords  the  time  when  the  coincidence  takes 
lace.    When  he  has  obtained  two  or  three  co- 
icidences,  which  generaUy  requires  from  ten  to 
tteen  mumtes,  he  breaks  the  electric  circuit  in 
•der  to  notify  the  first  partv  to  stop  beating, 
■e  then  commences  beating  seconds  by  striking 
s  own  signal  key  in  coincidence  with  the  beats 
his  sidereal  clock;  and  the  party  at  the  first 
auon  compares  the  armature  clicks  of  his  mag- 
t  with  the  beats  of  his  solar  chronometer,  and 
tStli      *  coincidence.    AVhen  he  has  ob- 
med  three  or  four  coincidences,  which  generally 
luires  ten  or  twelve  minutes,  ho  breaks  the 

tZZ'T^  .T'"*  ^  """'■^  Thirty 
stop  beatmg._  The  comparison  of  times  at  the 

comnr'  "t""'!  '^""iplcte.-A  third  method 
'  companng  local  times  is  bv  teleOTanhin.r 

Kl  lately,  ,n  the  foUowing  raanner:_A  1  st  of 
ow"  ^"^''^yo.eh.nA.  and  fumishe" 
Observation,  the  one  astronomer  points  his 
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telescope  upon  one  of  the  selected  stars  as  it  is 
passing  his  meridian,  and  strikes  the  key  of  his 
register  at  the  instant  the  star  appears  to  coin- 
cide with  the  first  wire  of  his  transit.    He  makes 
a  record  of  the  time  by  his  own  chronometer,  and 
the  other  astronomer,  hearing  the  click  of  his 
magnet,  records  the  time  by  his  own  clock.  As 
the  star  passes  over  the  second  wire  of  the  transit 
instrument,  the  first  astronomer  again  strikes  the 
key  of  his  register,  and  the  time  is  recorded  of 
both  observations.    The  same  operation  is  re- 
peated for  each  of  the  other  wires.    The  first 
astronomer  now  points  his  telescope  upon  the 
next  star  of  the  list,  which  culminates  after  an 
interval  of  five  or  six  minutes,  and  telegraphs  its 
ti-ansit  in  the  same  manner.    In  about  twelve 
minutes  from  the  former  observation,  the  first 
star  passes  the  meridian  of  the  second  astronomer, 
when  there,  points  his  transit  instrument  upon 
the  same  star,  and  strilces  the  key  of  his  register 
at  the  instant  the  star  passes  each  wire  of  his 
transit.    The  times  are  recorded  at  both  stations. 
The  second  star  is  telegraphed  in  a  similar 
manner.    The  same  operations  are  now  repeated 
upon  a  second  pair  of  stars,  and  so  on  as  long  as 
may  bethought  desirable — The  chief  objection 
to  this  method  is,  that  it  involves  the  estimation 
of  fractions  of  a  second,  as  in  the  usual  mode  of 
transit  observations ;  that  is,  it  involves  the  per- 
sonal equation  of  the  observers. — The  fourth 
method  of  comparison  obviates  this  evil  in  some 
degree,  by  printing  the  signals  upon  a  cylinder 
or  a  fillet  of  paper.    There  must  be  a  clock  at 
one  of  the  stations  for  brealdng  the  electric  circuit 
every  second,  as  described  in  Transit  Instru-  - 
MENT ;  and  there  must  be  a  register  at  each  of 
the  stations  for  recorduig  the  beats  of  the  clock 
and  any  other  signals  which  may  be  required. 
When  the  connections  are  properly  made,  there 
wUl  be  heard  a  click  of  the  magnets  at  each 
station  simultaneously  with  the  beats  of  the 
electric  clock,  and  the  registers  will  all  be  gradu- 
ated into  second  spaces.    The  method  is  not 
limited  to  two  stations,  but  any  number  of  sta- 
tions may  be  compared  at  the  same  time.  The 
mode  of  observation  is  the  same  as  described  in 
the  preceding  article,  except  that  the  observa- 
tions are  all  recorded  by  the  operation  of  ma- 
chinery.   If  one  astronomer  strikes  the  key  of 
his  register  as  the  star  passes  successively  eacli 
wire  of  his  transit  instrument,  the  dates  are 
printed  not  only  upon  his  own  register,  but  also 
upon  those  at  any  number  of  other  stations. 
AV'hen  the  same  star  comes  over  the  meridian  of 
another  station,  the  observer  there  goes  through 
the  .same  operation,  and  his  observations  arc 
printed  upon  all  tlie  registers.    Tims  we  have 
any  number  of  registers  all  graduated  into  equal 
parts  by  the  ticking  of  the  same  clock;  and,  upon 
these,  we  have  printed  the  instants  at  wliicli  the 
star  was  seen  to  pass  each  wire  of  the  transit 
telescopes  at  the  several  stations.    These  ob- 
servations furnish  the  dilleroiicc  of  longitude  of 
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the  stations,  independentl)'  of  the  tabular  place 
of  the  star  employed,  and  also  independently  of 
the  absolute  error  of  the  clock.  The  observers 
next  read  their  levels,  and  reverse  their  transit 
instruments.  A  second  star  is  now  telegraphed 
successively  over  each  meridian,  and  so  on  as 
long  as  may  be  desired. — This  method  of  ob- 
servation is  so  accurate  as  to  furnish  a  tolerable 
measurement  of  the  velocity  of  the  electric  fluid. 
If  the  fluid  requires  no  time  for  its  transmission, 
then  the  signals  given  at  either  station  ought  to 
be  similarly  printed  at  all  the  stations ;  and  the 
fraction  of  a  second  registered  upon  any  one  scale 
should  be  identically  the  same  as  upon  every 
other.  But  if  the  fluid  requires  time  for  its 
transmission,  these  fractions  will  be  different. 

I^unar  Cycle.    See  Cycle,  where  the  Me- 
tonic  Cycle  is  described. 

liiiiiaf  Distances.  The  designation  of  a 
favourite  method  of  determining  the  longitude  at 
sea.  Its  principle  is  this: — In  consequence  of 
the  rapid  motion  of  the  moon  in  her  orbit,  she  is 
rapidly  varj'ing  her  apparent  distance  from  any 
tised  star.  But  as  the  motions  of  our  satellite 
are  perfectly  known,  it  can  be  calculated  before- 
hand how  far  she  is  distant  from  any  set  of  stars 
at  a  given  moment.  Accordingly,  in  the  Nau- 
tical Almanac,  a  large  table  is  supplied,  in  which 
lunar  distances  are  given — in  Greemvich  time — 
for  short  intervals,  through  the  entire  year.  Sup- 
posing, then,  a  navigator  in  possession  of  his  time 
at  sea,  should  observe  the  moon's  accurate  distance 
from  a  noted  star  at  that  time,  on  referring  to  the 
Nautical  Almanac  he  finds  the  Greenwich  time 
corresponding  to  that  distance;  and  the  differ- 
ences of  these  times  is  his  longitude.  The  art  of 
observing  lunar  distances  is  easy  of  acquirement, 
but  it  needs  practice  and  care,  as  well  as  a  thorough 
knowledge  of  the  special  instruments  used  (see 
Sextant),  and  a  right  command  of  them.  After 
the  observations  are  made,  calculations  or  reduc- 
tions are  necessarj'  to  "  clear  the  distance."  The 
cause  is,  that  the  distance  observed  is  not  the  true, 
but  the  apparent  distance  only, — the  altitudes  of 
the  bodies  being  both  afiected  by  refraction, — and 
in  the  case  of  the  moon  always^  and  if  the  other 
object  is  a  planet,  in  the  case  of  both,  also  by 
parallax.  The  operation  is  a  little  troublesome, 
but  it  offers  no  difficulty  in  principle, — consisting 
simply  of  the  resolution  of  two  spherical  triangles. 
— Details  in  any  practical  work  on  Navigation. 

Ijiinar  Observation.  An  observation  of 
the  moon's  distance  from  a  star,  for  the  purpose 
of  finding  the  longitude  of  a  place  by  it.  See 
Longitude.  This  distance  Is  called  the  Lunar 
Distonce. 

JLiinnr  Theory.  It  is  our  intention  to  offer, 
in  this  paper,  a  general  account  of  the  principal 
Inequalities  affecting  the  motions  of  our  Satellite, 
and  of  tlicir  causes.  The  method  adopted  is  that 
of  Mr.  A\ry  in  his  treatise  on  Gravitation,— a 
method  admirable  for  its  lucidity  and  simplicity, 
and  wliich  is  quite  adequate  to  explain  the  phy- 
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sical  conditions  of  this  complex  pioblem.  In  every 
inquir}'  toucliing  on  the  subject  of  planetary  per- 
turbations, there  are  two  portions  altogether  dis- 
tinct,— one  is  occupied  with  the  discovery  of 
the  nature  of  a  perturbation  and  of  its  phj'sical 
cause,  while  the  other  is  devoted  to  the  discovery 
of  the  exact  amount  of  that  perturbation.  This 
latter  inquiry  can  be  conducted  through  the  in- 
strumentality of  Anah'sis  alone;  bnt  geometrical 
metliods  are  quite  adequate  to  the  former.  The 
thorough  Astronomical  student  -wLll  refer  to  such 
treatises  as  that  of  Pontecoulant :  we  invite  the 
attention,  in  this  place,  merely  of  those  who  desire 
a  general  but  distinct  conception  of  the  nature  of 
the  Celestial  Mechanism. — A  few  elementary  con- 
siderations must  be  premised.  The  following 
are  the  effective  elements  of  the  SA'stem  whose 
relations  we  are  about  to  examine — that  svstem, 
viz.,  of  the  Three  Bodies,  the  Earth,  Moon,  and 
Sun.  For  the  present,  we  place  out  of  sight  the 
action  and  even  existence  of  the  other  Planets: — 


Earth. 

Relative  distances   o' 

Relative  masses   !• 


Moon.  Sim. 
•0025   —    1-  — 

•0114  —  soiyac 


It  is  to  be  noticed  further,  that  the  orbit  of 
the  moon  is  not  in  the  plane  of  the  Ecliptic,  but 
inclined  to  it  at  an  angle  of  5°  8'  47"-9.  The 
three  bodies,  in  short,  lie  in  relations  to  each 
other,  indicated  in  the  subjoined  diagram : — 


Fig.  1. 


It  is  well  known  that  if  the  Moon  were  affected 
only  by  the  attraction  of  the  Earth,  our  Satellite 
would  describe  an  ellipse,  and  be  wholly  subser- 
vient to  Kepler's  Laws ;  but  smce  comparison  of 
the  foregoing  elements  shows  that  the  attraction  of 
the  Sun,  alilce  over  Moon  and  Earth,  miist  be  very 
great,  a  new  element  of  vital  importance  is  mani- 
festly introduced.    It  is  not,  however,  the  total 
force  with  which  the  Sun  acts  upon  the  Moon,  that 
is  the  disturbing  force.    If  our  Luminar}'  acta! 
with  equal  energy  on  the  Earth  and  Moon,  tlie 
mutual  relation  of  these  two  bodies  would  not 
thereby  be  changed.    But  it  acts  vnequaUy,  on 
account  of  the  varying  distance  of  the  I^Ioon  • 
when  our  Satellite  is  at  m,  for  instance,  the  Sun 
attracts  it  more  than  he  attracts  the  Earth ;  ami 
when  at  Jii  the  reverse  is  the  case.    Now  it  is 
this  inequality  of  action,  or  the  difference  of  the 
attractive  effect  of  the  Sun,  on  the  Moon  ari'l 
Earth — an  inequality  varying  -with  the  Jloon  - 
place — that  alone  can  act  as  a  disturbing  caiici. 
and  which  alone,  therefore,  we  have  at  jiresent 
to  sci-utinize.    Still  further,  the  absolute  force  of 
the  Sun  over  the  Moon,  represented  in  magnittid" 
and  direction  by  m  r,  may  at  all  times  be  d'- 
composcd  into  two  forces,  m  f  and  M  Fx,—  the  firstf 
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at  right  angles  to  the  plane  of  the  Moon's  orbit; 
and  the  second,  in  the  direction  of  that  plane. 
This  resolution  is  of  considerable  importance,  in 
the  interest  of  simplicity  of  exposition;  as  it  en- 
ables us,  when  treating  of  the  eflects  of  the  most 
influential  of  these  components,  to  place  out  of 
sight  all  consideration  of  the  Inclination  of  the 
Lunar  Orbit.  In  what  follows  of  this  article  we 
shall  take  no  further  notioe  of  the  perpendicular 
force,  or  the  force  dependuig  on  that  Inclination. 
Suffice  it  briefly  to  state,  that  it  is  this  force 
•which  causes  the  Motion  of  the  Moon's  Nodes, 
one  revolution  of  which  is  performed  in  6798 '279 
days ;  and  that  similar  actions  give  rise  to  the 
motions  of  the  nodes  of  all  the  planetary  orbits. 
See  Nodes.  It  were  wrong  to  omit  reference  to 
a  beautiful  method,  contrived  by  a  most  ingenious 
geometer,  Mr.  Elliot  of  Edinburgh,  by  which  this 
description  of  perturbation  can  be  exliibited  as 
tlie  result  of  experiment  If  a  metallic  ring  be 
put  in  rapid  rotation,  in  a  plane  somewhat  oblique 
to  a  horizontal  circle  within  which  it  rotates,  the 
application  of  a  perpendicidar  force,  through  in- 
strumentality of  a  magnet,  will  at  once  bring  out 
the  phenomenon  of  the  motion  of  the  nodes. — 
The  ground  thus,  in  so  far  cleared,  the  question 
with  which  we  have  to  do  is  this : — 


Fig.  2. 

e  Moon  revolves  round  the  Earth  in  an  orbit 
ii  M2  M3  M4;  in  what  way  must  the  Sun — sup- 
(posing  that  luminary  to  be  always  in  the  same 
Iplane  with  the  Earth  and  Moon — disturb  that 
rorbit?    We  shall  treat  tlie  problem  under  two 
•heads — taJiing  account  in  the  first  place  of  those 
ilunar  perturbations  which  are  independent  of  the 
slliptical  cliaracter  or  eccentricity  of  the  moon's 
orbit,  and  next  of  those  which  involve  thst 
xcentricity.    And  we  sliall  then  refer  to  a  few 
2hief  perturbations  of  the  Moon,  arismg  fi-om 
ther  causes. 

I.  Inequalities  that  do  not  depend  on 
HE  Moon's  Eccentricity.— These  inequalities 
re  three; — the  annual  equation,  the  variaiion, 
nd  the  parallactic  iimimlitij. 

I  (1.)  The  Maoris  Annual  Erjualion  Reverting 

0  fig.  2,  and  to  the  vital  consideration  that  tlie 
una  disturbing  eftect  is  the  difference  of  his 
Mte  on  the  Earth  and  Moon,  let  us  Ih-st  ex- 
mhie  the  most  palpable  and  general  result  of 
lat  disturbing  influence.    It  cannot  fail  to  bo 
_vident  that  when  the  Moon  is  at      or  m,  tliat 
"itluence  must  be  at  its  maximum,  simply  be- 
muse the  difference  of  the  distances  of  the  two 
es  from  the  Sun  is  there  the  greatest  possible. 
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Now,  the  nature  of  that  influence  is  entirely  the 
same  in  both  positions  of  the  Moon, — in  the  first, 
the  IMoon  is,  so  to  speak,  drawn  away  from  the 
Earth ;  and,  in  the  second,  the  Earth  is  drawn 
away  from  the  Jloon ;  in  other  words,  the  natural 
connection  between  the  two  bodies  is  enfeebled, 
or  the  Earth's  ailvactioti  over  ike  Moon  is  virtually 
diminished.  At  the  intermediate  positions,  M2  and 
M4  on  the  other  hand,  the  case  is  quite  altered. 
Had  the  direction  of  the  Sun's  force  on  M2  and 
M4  been  parallel  to  its  direction  on  e,  that  lumi- 
nary could  have  impressed  no  distui-bance  on  the 
Moon  when  she  is  in  quadrature,  on  account  of 
the  equality  of  the  distances  of  the  Earth  and  its 
satellite  in  those  positions,  from  the  Sun.  But 
the  directions  are  different:  M2  s  is  an  oblique 
force  or  strain;  and  it  clearly  has  a  tendency-, 
because  of  that  obliquity,  to  bring  the  Moon  down 
to  the  line  e  s,  or  to  cause  it  approach  the  Earth., 
When  the  Moon  is  in  quadrature  therefore,  the 
Sun  exerts  a  disturbing  force  which  virtually  in- 
creases the  power  of  the  Earth's  attraction  over 
that  body, — the  reverse  of  what  we  have  found 
to  hold  when  the  Moon  is  at       and  M3,  or  in 
syzygy.    But  as  the  effort  of  the  Sun  to  draw 
the  Moon  towards  the  Earth,  in  one  part  of  its 
orbit,  is  exercised  only  through  the  obliquity  of 
its  pull  or  sti-ain,  while  the  contrary  eftect  is' the 
result  of  a  disturbing  force  much  more  powerful, 
that,  viz.,  due  to  his  unequal  distance  from  the 
two  bodies,  it  is  evident  that  upon  the  whole,  this 
disturbing  force  diminishes  tlte  Earth's  attractive 
injluence  over  t/ie  Moon.    Now,  the  central  force 
which  retains  any  body  in  an  orbit,  and  the 
periodic  time  in  which  that  body  revolves,  are 
in  closest  relationship ;  a  permanent  alteration  of 
the  one,  will  issue  in  a  permanent  alteration  of 
the  other.   If,  therefore,  the  action  of  the  Sun  as 
first  described  had  been  permanent  and  regular, 
the  Moon  would  have  moved  with  an  angular 
velocity  differing  from  what  she  would  have  had 
otherwise,  but  that  angular  velocity  would  have 
been  permanent  and  have  caused  no  inequalitv  iii 
the  Moon's  motions.    But  the  Sun's  disturbing 
action  is  not  permanent.  Its  energy  or  effect  neces- 
sarily varies  with  the  distance  of  the  system  of 
the  Earth  and  Moon,  from  their  common  lumi- 
nary; and  owing  to  the  elliptical  character  or 
eccentricity  of  the  Earth's  orbit,  that  distance 
1ms  an  annual  variation.    The  magnitude  of  the 
Sun's  disturbing  force  is,  in  fact,  proportioned  to 
the  inverse  of  tlie  cube  of  his  distance  from  the 
Eartli ;  so  tliat  it  is  considerably  greater  wlieii 
the  Earth  is  in  perihelion  than  wlien  it  is  in 
nphehon.    Hence  an  irregularity  or  inequality  of 
the  Moon's  angular  velocity— an  inequality  that 
iT.ns  througli  its  changes  in  tlie  course  of  a  year. 
Tlie  effect  is,  that  our  satellite  is  sometimes  behind 
her  mean  place  in  the  heavens,  and  sometimes  in 
advance  of  it;  the  greatest  deviation  amounting 
to  10'.    This  inequality  was  first  discovered  bv 
Tycho  Bralie  from  observation  ;  and  it  is  called 
the  Moon's  Annual  Eiiuation. 
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(2.)  The  Moon^s  Variation. — In  the  foregoing 
section  we  have  spoken  of  the  disturbing  force, 
in  very  general  terms  only.  It  will  be  necessary 
now,  however,  to  scrutinize  it  more  minutely. 
AVe  have  fount!  that  at  syzygies  the  force  is 
whollj'  in  the  direction  of  the  radius  vector  and 
negative,  in  other  words  it  diminishes  the  earth's 
attraction  over  the  moon.  At  these  two  points 
the  disturbing  energy  arises  wholly  from  the  ine- 
qualitj-  of  the  distances  of  the  Earth  and  Moon 
from  tlie  Sun ;  and  as  this  inequality  necessarily 
exists  for  everj'  point  of  the  moon's  orbit,  except- 
ing the  two  points  of  quadrature,  there  must — 
(merel}'  putting  out  of  view  these  two  points) — 
be  an  energy  of  the  same  negative  kind,  and 
arising  from  the  same  cause,  operating  on  our 
satellite — whatever  be  her  position  in  her  orbit. 
Again— at  quadrature,  as  Ave  have  seen,  a  dis- 
turbing force,  operates  also  in  the  direction  of  the 
radius  vector,  but  positive ;  that  is,  drawing  the 
moon  closer  to  the  earth,  or  virtually  augmenting 
our  planet's  attraction.  Now,  as  this  springs  out 
of  the  obliquity  of  the  pull  effected  by  the  Sun,  a 
positive  force  of  this  sort  will  be  energetic,  wher- 
ever the  Moon  is  in  her  orbit,  if  we  merely  except 
the  two  positions  of  syzygj'.  The  action  actually 
exercised  along  the  radius  vector  will,  of  course, 
be  represented  by  the  difference  of  these  two  forces ; 
and  a  little  consideration  will  show  that  the  fol- 
lowing must  be  the  case.  At  points  Mj  and  M3, 
the  negative  force  is  pure  and  simple;  and  at 
points  M2  and  1M4,  the  positive  force  is  pure  and 
simple.  Between  and  M2,  and  between  Mg  and 
SI3 — in  short,  about  the  middle  of  every  quadrant, 
there  will  be  a  point  1,  2,  3,  or  4,  Avhere  these 
positive  and  negative  forces  exactly  balance,  or 
where  no  disturbing  force  will  be  exercised  in  the 
direction  of  the  radius  vector  at  all.  During  her 
motion  through  arcs  4,  1,  and  2,  3,  the  moon's 
gra^dty  to  the  earth  is  diminished ;  during  her 
motion  through  arcs  1,  2,  and  3,  4,  that  gravity 
is  increased:  at  points  1,  2,  3,  and  4,  it  is  not 
disturbed,  but  remains  what  it  would  have  been 
had  the  action  of  the  sun  not  existed.  This,  then, 
is  a  complete  view  of  the  forces  acting,  positive!}' 
or  negatively,  in  the  direction  of  the  radius  vector. 
— But  the  force  just  scrutinized  is  only  a  part  or 
single  component  of  the  disturbing  energj'  of  the 
Sun.  There  is  another  component  of  it  wholly 
different,  to  wliich  we  must  now  direct  attention. 
The  oblique  pull  is  not  wholly  in  the  direction  of 
the  radius  vector,  but  has  a  second  and  equally 
important  element.  For  the  sake  of  distinctness, 
let  us  further  diminish  the  apparent  distance  of 
the  sun,  or  further  exaggerate  the  diagram.  Mj, 
M2,  Mo,  M.,,  is  the  moon's  orbit  as  formerly,  and 
8  the  position  of  the  sun.  Take  in  that  orbit  two 
points,  so  that  s  a  E  be  an  obtuse  angle,  and  s  h  k 
an  acute  angle  at  a  and  h ;  and  let  us  fully  analyze 
the  oblique  pull  s  a  and  s  h.  Eesolving  the 
l)ull  a  e  into  two  rectangular  forces,  we  obtain 
the  negative  force  ad  in  tlio  direction  of  the 
radius  vector,  and  another  force  o  e  at  right 
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angles  to  that  radius,  or  a  tangential  force  pullinj, 
the  Moon  when  at  a  in  the  direction  a  e.  At  tlie 
point  &,  tlie  Moon  is  also  influenced  by  two  fora-s, 


Fig.  3. 


one  b  d,  in  the  direction  of  the  radius  vector  0 
positive,  and  another  b  e,  also  tangential,  and 
pulling  the  moon  in  the  direction  of  the  tangent. 
At  some  point  intermediate  between  a  and  b, — 
the  point,  viz.,  where  the  angle  answering  to  s  oe 
or  sbE  is  neither  obtuse  nor  acute,  but  a  right 
angle,  there  will  be  no  force  but  this  tangential 
force,  which  then  attains  its  maximum.  And  if 
these  resolutions  be  effected  in  every  quadrant,  the 
following  will  be  seen  to  be  true; — where  the  forces 
in  the  direction  of  the  radius  vector  have  their 
maximum — whether  these  be  positive  or  negative, 
viz.,  at  syzygies  and  quadratures — the  tangential 
force  is  at  zero ;  and  at  the  mtermediate  points 
1,  2,  3,  and  4,  where  the  forces  in  the  direction 
of  that  radius  have  evanesced,  the  tangential  forces 
attain  their  maximum.  It  ■will  readily  be  seen, 
too,  on  graphically  effecting  these  resolutions,  that, 
like  the  forces  augmenting  or  accelerating  gravity, 
these  tangential  forces  change  their  character  or 
sign.  When  the  moon  passes  from  Mj  to  Mj 
the  tangential  force  is  contrary  to  its  motion,  and 
therefore  retards  that  motion;  between  and 
M3  it  is  an  accelerating  force,  between  513  and  M4 
a  retarding  one,  and  again  an  accelerating  force 
between  JI4  and  Jij :  or,  more  briefly,  as  the  Moon 
j)asses  from  syzygy  to  quadrature  she  is  retarded 
by  the  tangential  force ;  but  when  she  passes Jrom 
quadratureto  syzygy  she  is  accelerated  by  that  force. 
— A  careful  perusal  of  the  foregoing  exposition 
will  enable  the  student  to  understand  completely 
the  action  of  the  disturbing  force  of  the  sun,  under 
the  relations  we  have  specified :—  let  us  proceed 
to  scrutinize  the  special  influence  of  this  tangential 

force  Now,  without  entering  at  present  on  con- 

siderali  jns  we  shall  afterwards  advert  to,  we  think 
it  may  be  concluded  that, — as  the  tangential  force 
retards  the  motion  of  the  moon  in  its  transit  from 
SI]  to  JI2,  and  also  in  its  transit  from  113  to  M4, 
while  it  accelerates  betAvecn  Mo  and  M3,  and  a)^ 
between  SI4  and  Mj, — a  disttirbancc  or  new  ine- 
qjiality  in  the  Moon''s  angular  motion,  nnist  hence 
arise.  To  reach  the  root  of  this  inquiry,  one  re- 
quiras  to  advert  to  the  eftects  of  this  class  of 
disturbances,  on  the  shape  of  the  Lunar  Orbtt; 
but  this  would  only  authorize  us  all  the  more 
(see  Oitnn)  to  aver  that  when  our  satellite  is  at 
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M]  orM3— the  extremities  of  its  periods  of  ac 
.  celeration,  its  actual  angular  velocity  must  be 
1  greater  than  its  mean  angular  velocitj',  while  for 
;  the  opposite  reason,  it  must  differ  from  the  mean 
:  angular  velocity  by  defect,  when  at  Mo  and  M4 
This  new  Inequality  is  the  Moon's  Variation. 
1  It  reaches  the  amount  of  32',  by  which  the  moon's 
:  tree  place  is  sometimes  behind  and  sometimes  be- 
:  fore  the  mean  place.  The  Variation  was  likewise 
c  discovered  by  Tvcho  Brahe  at  Uranburg. 

(3.)  The  Moon's  Parallactic  Inequality. — In 
:  treating  the  two  Inequalities  just  investigated,  no 
!  distinction  has  been  made  between  the  disturbing 
"  forces  as  they  act  on  the  two  sides  of  the  moon's 
orbit,  viz.,  on  the  side  next  the  sun,  and  the  side 
opposite  the  sun.  But  it  will  be  clear  on  a  simple 
i  inspection  of  the  foregoing  diagrams  that  these 
forces  are  not  equal  in  intensity ;  on  the  side  of 
the  orbit  nearest  the  sun  their  intensity  is  the 
greatest, — iu  other  words,  the  moon  is  more  dis- 
:.turbed  when  she  is  in  conjunction  than  when  she 
«is  in  opposition.    If,  therefore,  when  computing 
the  value  of  the  Annual  Equation  and  the  Varia- 
tion, we  use  mean  values  of  the  disturbing  force, 
we  must  so  that  the  representation  of  the  real 
case  be  complete,  introduce  some  new  element 
which  shall  be  equivalent  to  an  effective  increase 
3f  that  mean  force  at  conjunction,  and  its  dimi- 
nution at  opposition.   Now,  this  amounts  to  sup- 
ising  that  at  and  near  conjunction,  there  is  a 
ew  small  force  drawing  the  moon  from  the  earth, 
d  another  acting  tangentially,  accelerating  the 
jatellite  before  conjunction,  and  retarding  it  after- 
ards ;  while  at  or  near  opposition  con-esponding 
'brces  of  the  opposite  kind  act  likewise.  The 
■alues  of  these  forces  known,  their  effects  on  the 
mgular  motion  of  the  Moon  can  readily  be  ascer- 
ained;  and  their  effects  constitute  the  ParaZfac- 
w  Inequality.     This  inequality  is  certainly 
mall  iu  comparison  with  the  Variation,  with 
nfhich  it  stands  especially  connected.    Its  period 
:5  that  of  a  lunar  sjTiodial  revolution,  or  one  luna- 
aon;  and  it  only  impresses  an  effect  of  2'  on  the 
jngiijude  of  our  Satellite.    But  it  seems  the 
lore  interesting,  as  we  may  infer  from  its  amount 
he  proportion  of  the  Moon's  distance  to  the  Sun's 
■dstance  from  the  Earth :— the  magnitudes  of  the 
i  ther  perturbations  depending  solely  on  consider- 
tions  of  eccentricities  and  periodic  times ;  neither 
i  which  involve  the  proportion  of  distances. 
1  11.  Inequalities  involving  the  element 
F  the  Eccentricity  of  the  Lunar  Orbit. 
I-These  inequalities  are  also  three,  \\z ,  the 
eral  proyression  of  the  Moon's  periyee;  the 
eyulariiy  of  (he  motion  of  thepenyee;  and  the 
emate  increa.ie  and  decrease  of  the  eccentricity 
the  orbit.    These  two  last  inequalities,  form, 
hen  combined,  the  Evection. 
'        ^'^'c  yeneral  Proyression  of  the  Periqee. — 
hat  peculiar  effect  of  the  Lunar  action  we  are 
•w  to  consider,  arises  from  the  application  of  a 
tarbing  force,  positive  or  negative,  in  the  di- 
tion  of  the  radius  vector,  as  well  a.s  of  a  tan- 
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gential  force,  now  accelerating  now  retarding — 
to  a  body  moving  in  an  ellipse,  around  another  in 
the  focus  of  that  ellipse.  It  is  inconsistent  with 
our  limits,  to  go  over  the  whole  course  of  inves- 
tigation demanded  by  this  form  of  the  problem ; 
we  shall  therefore  only  indicate  its  method,  and 
state  the  results — First,  then,  what  would  be  the 
effect  of  a  disturbing  force  in  the  direction  of  the 
focus,  when  the  revolving  body  is  in  perigee,  or 
perihelion — in  other  words,  nearest  the  focus 
around  which  it  revolves  ? 


Fig.  4. 

Suppose  Ml,  M2,  M3,  M4,  to  be  the  elliptic  orbit 
of  the  Moon,  or  any  other  planet,  and  as  that 
bod}'  approaches  Mj  its  perigee,  let  a  disturbing 
force  directed  towards  f  suddenly  act  on  it.  It  is 
sufficiently  plain  that  this  wiU  cause  the  path  of 
the  body  to  cut  the  line  M3  at  an  acute  anyle, 
and  that  the  place  where  it  would  cut  the  line 
through  F  at  a  right  angle,  will  be  farther  on- 
wards, say  at  the  point  Li :  Lj  then,  instead  of 
Ml,  is  the  point  of  periyee,  so  that  the  orbit  has 
virtually  twisted  round  and  taken  the  position  of 
the  new  dotted  ellipse.  At  the  next  revolution, 
if  the  same  force  continues  to  act,  the  point  of 
perigee  will  move  still  farther  forward, — in  other 
words,  the  constant  agency  of  such  a  force  will 
cause  the  periyee,  or  the  line  of  the  apses  to  pro- 
gress. If  the  disturbing  force  be  a  neyative  one, 
or  directed  from  the  body  in  the  focus,  under  the 
same  circumstances,  the  line  of  the  apses  loill  re- 
gress.— Turning  to  the  point  of  apogee,  or  the 
point  M3,  it  will  be  easy  to  show,  in  the  same 
simple  waj',  that  the  action  of  similar  forces  there 
must  have  precisely  the  opposite  effect, — a  nega- 
tive force  acting  at  M3  will  cause  the  line  of 
apsis  to  proyress,  and  vice  versa.  Now,  we  have 
seen  (a  and  b,  I.),  that  when  tlie  lunar  orbit  is  in 
such  a  position  with  respect  to  the  sun  as  below, 
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Fig.  6. 


forces  are  acting  at  perigee  and  apogee  exaotlv 
of  the  kind  supposed  above.  Therefore,  the  line 
of  apses  is  affected  by  opposite  tendencies ;  the 
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disturbance  at  causing  it  to  regress,  and  the 
disturbance  at  M3  causing  it  to  progress.  If  those 
tendencies  were  equal  in  amount,  the  ovblt  would 
remain  steadfast.  They  are,  however,  in  the 
direct  proportion  of  the  distances,  Mj  e,  and  3x3 
E :  the  progressive  tendency  must  therefore  pre- 
vail, so  that  it  may  be  averred  that  on  the  whole, 
under  the  foregoing  circumstances,  the  perigee,  or 
the  line  of  apses,  necessarily  pi-ogresses.  It  must 
not  be  forgotten  that  there  is  also  a  positive  dis- 
turbing force,  a  force  drawing  the  Moon  towards 
E  at  M2  and  M4 :  how,  then,  does  this  force  act  ? 
In  the  circumstances  just  treated,  this  force  has 
no  effect  whatever  on  the  line  of  apses.  It 
acts  effectively,  indeed,  in  the  direction  of  the 
line  in  each  of  the  two  positions,  M2  and  M4 ;  but 
the  effects  are  opposite;  and,  as  in  the  present 
case,  the  forces  are  clearly  equal,  their  result  or 
balance  will  be  zero. — It  were  easy  to  piu-sue  the 
inquiry  through  all  details,  or  in  the  two  cases 
when  the  line  of  apogee  passes  through  the  Sun, 
and  when  the  line  of  quadrature  passes  through 
the  Sun.  In  such  investigation,  however,  no- 
thing new  would  an-est  us; — suffice  it  then  to 
state  broadly,  as  the  general  result,  that  although 
the  motion  of  the  perigee  must  be  irregular,  it 
progresses  upon  the  whole,  in  consequence  of  the 
action  of  the  disturbing  force  in  the  direction  of 
the  radius  vector. — Let  us  turn  now  to  the  effects 
of  the  tangential  disturbing  force,  on  this  motion 
of  the  perigee.  Without  attempting  to  give  the 
various  steps  of  the  inquiry — easy  though  they 
are — and  referring  the  student  for  eveiy  satisfac- 
tion to  Mr.  Airy's  remarkable  treatise  on  Gravi- 
tation, we  simply  record  as  their  results,  that 
when  the  Moon  is  near  perigee,  the  force  in  ques- 
tion causes  the  line  of  apses  to  progress,  while 
when  our  Satellite  is  near  apogee  the  reverse  holds. 
But  for  the  reason  given  in  the  former  case,  the 
latter  action  prevails ; — hence,  on  the  whole,  the 
action  of  the  disturbing  tangential  force,  constrains 
tlie  perigee  or  line  o  f  apses  to  regress.  The  prac- 
tical question  is,  then,  whether  the  general  re- 
gression resulting  from  the  tangential  force,  or 
the  general  progression  resulting  from  the  force 
in  the  line  of  the  radius  vector,  predominates? 
The  latter  predominates.  Independently  of  the 
calculation  of  absolute  quantities,  Mr.  Airy  has 
succeeded  in  showing  very  clearly  that,  from  the 
nature  of  the  forces  in  operation,  the  perigee  must 
progress ;  and  he  has  further  traced  the  causes  of 
the  incongruity  between  the  ascertained  amount 
of  that  progression,  and  its  theoretical  amount  as 
deduced  in  the  famous  Lunar  Theory  of  Newton. 
This  general  or  average  progression  of  the  Lmiar 
Apses,  has  been  known  from  the  earliest  times. 
In  each  revolution  of  the  Moon,  its  perigee, 
alters  its  position  forward  along  the  Ecliptic,  by 
about  .3° ;  so  that  it  describes  the  entire  circle, 
or  360°,  in  about  nine  j-cars. 

(2.)  Although  the  line  of  the  apses  has  the  fore- 
going regular  average,  or  general  rate  of  progres- 
sion, it  cannot  escape  notice  that  aa  this  average 
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is  the  mere  balance  of  opposite  individual  ten- 
dencies, which  are  constantly  varj'ing  in  their 
relative  amounts,  nothing  akin  to  actual  regularity 
can  be  attributed  to  that  motion  of  progression. 
The  average  of  the  year,  in  fact,  is  struck  among 
the  inequalities  of  the  months :  and  it  differs, 
plus  and  minus,  from  the  phenomena  belonging 
to  the  separate  months,  quite  as  much  as  the 
mean  temperature  of  the  year  differs  from  the 
mean  temperature  of  the  various  seasons.  Tiie 
position  of  the  perigee  therefore,  must  be  an 
oscillating  one :  indeed,  it  sometimes  progresses 
and  sometimes  regresses  for  months  together.  B  iit 
as  the  angular  motion  of  the  Moon  is  swiftest  in 
perigee,  and  depends,  therefore,  on  the  position  of 
perigee,  we  have  here  the  manifest  source  of 
another  angular  Inequality,  depending  on  this 
irregularity  in  this  Motion  of  Hie  Perigee. 

(3.)  The  alternate  Increase  and  Decrease  of  the 
Eccentricity  of  the  Lunar  Orhit. — Variation  in 
the  position  of  the  line  of  the  apses  does  not  alter 
the  shape  of  the  Earth's  orbit.  It  must,  as  we 
have  seen,  alter  her  angular  velocities  when  these 
are  recorded  in  connection  with  the  Longitudes  of 
our  SatelHte ;  but  the  orbit,  nevertheless,  is  only 
translated,  or  rather  made  to  rotate  aroimd  its 
focus, — the  shape  of  that  orbit  remains  the  same. 
If,  however,  the  two  constituents  of  the  solar  dis- 
turbing force  should  be  foimd  to  alter  the  shape 
of  the  Orbit  likewise,  we  should  evidently  have  a 
new  inequality.  According  to  the  value  of  the 
eccentricity  of  the  ellipse  in  which  a  body  moves, 
is  the  variation  in  its  angular  velocities  during  a 
revolution, — in  agreement  with  Kepler's  Law  of 
Areas.  Now,  the  eccentricity  is  changed  by  both 
elements  of  the  disturbing  force.  And  these  ele- 
ments concur  in  evolving  the  folloTNing  proposi- 
tion : —  When  the  Sun  is  in  the  line  of  the  Moon's 
apses,  the  eccentricity  does  not  alter:  after  t/ii.- 
it  diminishes,  till  the  Sun  is  at  right  angles  to  the 
line  of  apses;  then  it  does  not  alter:  and  af la- 
this it  increases  till  the  Sun  reaches  the  line  cf 
apses  on  the  other  side.  The  amount  of  tliis 
variation  of  the  eccentricit\'^  exceeds  one-fifth 
part  of  the  mean  eccentricity:  the  eccentricity 
being  sometimes  thus  much  increased  and  thus 
much  diminished.  For  details  again,  see  Airy.  / 
Now,  as  this  irregularity  and  the  one  referred  io  Ij 


in  the  subsection  immediately  preceding,  both  i 
depend  on  the  position  of  the  Moon's  perigee  with  << 
respect  to  the  Sun,  they  may  be  combhied,  andii 
their  conjoint  amount  arranged  in  tables  underg- 
one Index.  This  composite  result  is  the  Moon's| 
Erection :  an  inequality  discovered  by  Ptolemy,j 
and  amounting  sometimes  to  1°  15';  t.e.,  the 
Moon's  longitude  is,  by  the  influence  of  th 
effects,  as  represented  hy  Erection,  sometimes  i 
excess  and  sometimes  in  defect  of  its  mean  value, 
by  the  large  angle  now  specified.  ' 

III.  The  Inequalities  in  the  Lunar  Motions  just 
discussed,  are  the  more  important  results  of  tli 
disturbing  action  of  the  Stm  ;  and  their  physi 
causes  have  been  evolved  duiing  the  long  p 
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ution  of  the  famoiis  Problem  of  the  Three  Bodies. 
The  list,  as  given,  must  not  however  be  con- 
"dered  as  exclusive.  The  Moon  is  disturbed  in 
"any  otlicr  wa3-s,  although  by  quantities  com- 
jtively  slight.  Three  of  these  residual  per- 
^bations  are  of  so  much  interest  in  their  bearing 
a  the  general  mechanism  of  the  Heavens,  that, 
oiotwithstanding  the  length  of  this  article,  we  feel 
t  right  to  describe  them. 

I  (1.)  Inequalities  depending  on  the  Ohlate  figure 
■f  the  Earth. — It  is  well  known  that  our  globe 
not  a  perfect  sphere,  but  rather  an  ellipsoid, 
1  fhose  shortest  diameter  is  the  polar.  See  Earth, 
(iiiGDRE  OF.    Now,  so  close  are  the  sympathies 
f  t"  the  celestial  orbs,  that  even  this  comparatively 
jijght  deviation  from  the  spherical  form  (the 
j  quatorial  diameter  exceeds  the  polar  by  only  the 
I  J-gth  part),  is  the  origin  of  definite  and  palpable 
I  -odifications  in  the  motions  alike  of  the  Moon  and 
le;e  Earth.   Our  strictly  Telluric  system  owes  to 
[j.at  Equatorial  protuberance  one  of  its  most  inter- 
siting  and  fertile  peculiarities, — fully  described  un- 
r:r  Precession.  These  motions  of  our  polar  axis, 
lisignated  by  the  terms  Precession  and  Nutation, 
"  e  due  in  great  part  to  the  action  upon  it  of  the 
lOon ;  and  in  return — in  virtue  of  the  Law  of  the 
|uahty  of  Action  and  Eeaction — the  oblateness 
■  the  Earth  affects  the  Moon  with  Inequalities, 
baey  exist,  and  have  been  observed  and  mea- 
KTed,  alike  in  our  Satellite's  longitude  and  lati- 
"Me :  and,  strange  to  say,  from  the  observed 
'Twunts  of  these  perturbations,  the  degree  of  the 
irth's  oblateness  may  be  determined  quite  as 
xurately  as  by  any  method  depending  on  terres- 
ial  measurements.    Deduced  from  the  terms  re- 
red  to,  the  compression  of  our  globe  amounts 
5^ :  nearly  the  mean  of  the  different  values 
itamed  by  other  methods. 
.(2.)  The  Moon's  Secular  Acceleration. — The 
iiquality  itself  was  first  detected  by  Dr.  Halley. 
I  comparing  the  dates  of  modern  eclipses  with 
Is  best  authenticated  dates  of  ancient  ones,  this 
tite  inqiurer,  discerned  that  the  moon's  mean 
'olution  is  now  performed  in  a  shorter  time  than 
ithe  epoch  of  the  Chaldajans  and  Babylonians, 
iid  as  this  diminution  appeared  to  have  been 
iformly  increasing,  there  was  no  alternative 
t  to  infer  a  gradual  acceleration  of  the  Moon's 
iod,  or,  what  is  the  same  thing,  a  gradual 
sening  or  drawing  in  of  her  orbit.    The  sig- 
icance  and  physical  cause  of  this  secular 
•eUration  remained  unknown  until  the  times 
■  Laplace.    It  had  naturally  attracted  great 
■ention,  and  various  hypotheses  were  offered  to 
:ount  for  it.    According  to  one  class  of  In- 
rere,  it  was  due  to  tlie  effect  of  a  retarding 
■resisting  medium,  diffused  througli  the  inter- 
netary  spaces :  according  to  others,  peculiar- 
8  in  the  action  of  gravity  unknown  before, 
lid  alone  explain  the  anomaly.  Tlie  discovery 
the  simple  and  remarkable  truth  was  reserved 
the  illustrious  Frenchman.  On  referring  to  our 
lount  of  the  Annual  Equation,  (a  I.,  supra),  the 
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student  will  sec  that  the  mean  effect  of  the  Sun's 
central  disturbing  force  is  to  diminish  the  Earth'.s 
attractive  power  over  the  Moon ;  and  that  tliis 
effect  is  greater  when  the  Earth  is  at  perihelion 
than  when  we  are  at  aphelion.  The  greater  the 
difference,  too,  between  the  Earth's  distances  from 
tlie  Sun  at  these  two  positions,  the  greater  will 
this  mean  disturbance  be, — provided  always  that 
our  planet's  mean  distance  from  the  Sun  remains 
vmaltered.  But  this  amounts  to  saying,  that  if 
the  eccentricity  of  the  Earth's  orbit  should  in- 
crease, this  disturbing  force  of  the  Sun  would 
increase  along  with  it;  and,  conversely,  if  the 
eccentricity  of  that  cn'hit  should  diminish,  the 
Sun's  disturbing  force  over  the  Moon,  would,  in  so 
far  as  this  action  is  concerned,  diminish  also.  Now, 
in  consequence  of  the  perturbing  action  of  the 
other  planets  of  our  system,  upon  the  Earth,  the 
eccentricity  of  our  orbit,  is  subject  to  a  gradual 
change,  one  that  is  oscillating  like  all  the  other 
perturbations,  but  whose  cycle  of  alternate  dimi- 
nition  and  increase  spreads  over  a  vast  period. 
And  at  present  this  eccentricity  is  in  its  declining 
phase.  From  the  earliest  periods  of  histor}',  then, 
the  Sun's  power  to  diminish  the  Earth's  attractive 
force  over  the  Moon  has  been  growing  less  and 
less ;  and  this  is  equivalent  to  a  gradual  increase 
of  the  attractive  power.  As  an  inevitable  conse- 
quence, the  moon  must  through  ages  have  been 
gi-adually  approaching  the  Eai-th,  and  her  mean 
revolution  accelerating.  One  most  interesting 
result  came  out  of  this  solution  by  Laplace.  The 
change  of  the  Earth's  eccentiicity  is  periodic: 
the  Moon's  departure  from  her  mean  place  must, 
therefore,  be  periodic  also ;  so  that  the  accelera- 
tion which  has  endured  so  long  in  nowise  threatens 

the  stability  of  the  system  The  whole  of  this 

curious  subject  has  recently  been  reviewed  by 
Mr.  Adams  of  Cambridge.  He  has  completed 
Laplace's  exposition  by  pointing  out  and  supply- 
ing omissions,  fatal  to  a  determination  hy  this 
method  of  the  actual  amount  of  the  acceleration. 
And  this  was  accomplished  by  his  taking  into 
view  the  influence  of  the  primary  step  in  this 
series  of  perturbations,  on  the  Sun's  disturbing 
tangential  force. 

(3.)  Perturbations  due  to  the  Planet  Venus. — 
Every  planet  in  our  system  disturbs  the  Lunar 
Orbit  and  Motions  as  certainly  as  the  Sun  does. 
But  the  effects  thence  arising  are  too  small  to  be 
appreciable  except  in  one  instance.  Venus  is  the 
planet  nearest  our  temstrial  sj'stem,  and  its  mag- 
nitude is  considerable.  Tlio  reciprocal  influences 
of  Venus  and  the  Earth  give  rise  to  a  long  in- 
equality in  the  motions  of  botli  orbs ;  but  it  was 
reserved  for  Mr.  Airy,  in  1847,  to  ascertain  that 
through  what  maybe  termed  an  indirect  effect  of 
this  inequality,  an  inequality  of  long  period  is 
also  impressed  upon  the  Moon.  Soon  after  this 
achievement  by  o,ur  Astronomer  Royal,  Professor 
Hansen,  of  Secberg,  further  determined  a  sepa- 
rate disturbance  of  our  Satellite  due  to  the  samo 
planet,  and  arising  out  of  a  remarkable  numerical 
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rrlation  between  the  aauanalistic  motions  of  the 
IMoon,  and  the  sidereal  revolutions  of  Venus  and 
the  Earth.  TIic  periods  of  these  two  inequalities 
are  239  and  237  years  respectively,  and  their  co- 
efficients are  23-2""  and  27'4",  To  use  the  words 
of  Sh-  John  Hersehel, — "  their  discovery  may  be 
considered  as  a  practical  completion  of  the  Lunar 
Theorj',  at  least  for  the  present  astronomical  age, 
and  as  establishing  the  entire  dominion  of  the 
Kewtonian  Theory  and  its  analytical  application 
over  that  refractory  Satellite."  " 

It  were  wrong  to  conclude  this  article  without 
earnestly  referring  the  student  to  Newton's  own 
Lunar  Theory,  as  one  of  the  finest  pieces  of  geo- 
metrical composition  and  physical  deduction  ex- 
tant. A  brief  and  instructive  analytical  review 
of  the  subject  in  its  modem  state,  lias  recently  been 

given  by  Mr.  Godfray  Some  general  reflections 

on  the  character  of  our  Celestial  Mechanism  as  a 
whole,  will  be  found  under  Perturbations. 

liunatioii.  The  time  between  two  successive 
new  moons. 

liiinc.  The  area  included  between  the  arcs 
of  two  circles  that  intersect  each  other.  The 
lune  of  Hippocrates  is  famous  as  being  the  first 
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space,  whose  area  was  exactly  de- 


curvelineal 
termined. 

JLupus.  (The  Wolf).  One  of  the  ancient  con- 
stellations. It  is  properly  part  of  the  Centaur, 
and  was  carried  in  liis  hand  towards  Ara  (the 
Altar).  It  is  now  represented  a-s  transfixed  bv 
his  spear.  Its  principal  star,  a  Lupi,  is  of  the 
third  magnitude,  and  its  second  is  between  that 
and  the  fourth. 

riUtetia.    One  of  the  Asteroids.    For  Ele- 
ments, see  Asteroids. 

ILyiix.  One  of  Hevelius'  constellations  di- 
rectly in  fiont  of  Ursa  Major.  It  has  no  star 
above  the  fourth  magnitude.  The  head  of  the 
Lynx  is  situate  between  Ursa  Major  and  Capella. 

JLyra.  One  of  the  ancient  constellations.  It 
is  suiTounded  by  Cygnus,  Aquila,  Hercules,  and  i 
Draco.  The  star  Vega,  or  «  Lyrae,  is  of  the 
first  magnitude.  The  line  between  the  pole  star  I 
and  it,  is  nearly  perpendicular  to  one  through  the 
pole  star,  and  the  middle  of  Cassiopeia  and  Ursa  I 
Major  The  stars,  /3  and  y,  Lyrae,  are  also  bril-  ^ 
liant,  and  of  the  third  magnitude.  A  celebrated  >.i 
ring  nebula  is  in  this  constellation. 
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Macliiucs  are  bodies,  or  assemblages  of 
bodies,  which  transmit  and  modify  motion  and 
force.    The  word  "  Machine,"  in  its  widest  sense, 
ma}-  be  applied  to  every  material  substance  and 
system,  and  to  the  material  universe  itself ;  but 
it  is  usually  restricted  to  works  of  human  art,  and 
in  that  restricted  sense  it  will  be  here  emploj'ed. 
A  machine  transmits  and  modifies  motion  when 
it  is  the  means  of  making  one  motion  cause 
another ;  as  when  the  mechanism  of  a  clock  is 
the  means  of  making  the  descent  of  the  weight 
cause  the  rotation  of  the  hands.    A  machine 
transmits  and  modifies  force  when  it  is  the  means 
of  making  a  given  kind  of  physical  energy-  per- 
form a  given  kind  of  work ;  as  when  the  fur- 
nace, boiler,  water,  and  mechanism  of  a  marine 
steam  engine  are  tlie  means  of  making  the  energj' 
of  tlie  chemical  combination  of  fuel  with  oxygen 
perform  the  worlc  of  overcoming  the  resistance  of 
■water  to  the  motion  of  a  ship.    The  acts  of  trans- 
mitting and  modif3-ing  motion,  and  of  trans- 
mitting and  modifying  force  take  place  togetlier, 
and  arc  connected  by  a  certain  law;  and  until 
latelj',  they  were  always  considered  together  in 
treatises  on  mechanics ;  but  recently  great  ad- 
vantage in  point  of  clearness  has  been  gained  by 
first  considering  separately  the  act  of  transmit- 
ting and  modifying  motion.     The  principles 
which  regulate  tliis  function  of  macliines  consti- 
tute the  theory  of  pure  mechanhm  ;  a  branch  of 
(Mematiai,  or  the  science  of  Jlotion  considered 
in  itself  by  the  aid  of  Geometry,  witliout  reference 
The  principles  of  the  theory  of 


to  its  cause 

pure  mechanism  having  been  first  established  and  of  the  boundary  being  fixed. 

b'12 


understood,  those  of  the  theory  of  work,  which ' 
regulate  the  act  of  transmitting  and  modifying 
force,  are  much  more  readilj'  demonstrated  and 
apprehended  than  when  the  two  departments  of| 
the  theory  of  machines  are  mingled.  The  estab- 
lishment of  the  theorA'  of  pure  mechanism  as, 
an  independent  subject  has  been  mainly  accom- 
plished by  the  labours  of  Mr.  Willi.';,  to  whosa! 
w'ork  on  that  subject  the  reader  is  referred  for  its 
details. 

Outline  of  the  Theory  of  Pure  MecJianism, — I 
The  general  problem  of  the  theory  of  pure  mi 
chanism  may  be  stated  as  follows: — Given,  i/tt 
mode  of  connection  of  two  or  more  moveahU 
points  or  bodies  with  each  other,  and  with  cer- 
tain fxed  bodies  ;  required,  the  relations  arnongsi 
the  motions  of  the  moveable  points  or  bodies. 
Tlie  theor}'  of  jiure  mechanism  is  applicable  t( 
those  cases  only  in  -which  those  dimensions  ani 
figures  of  the  bodies  constituting  the  machin 
upon  wliich  the  transmission  of  the  motion  di 
peiids,  do  not  vary  to  an  appreciable  extent  mlh 
the  forces  applied  during  the  action  of  the  ma-' 
chine.  Hence,  the  only  case  in  which  the  theory  08 
]nn-o  mechanism  i.s  apjilicable  to  the  transmission' 
of  motion  by  means  of  a  mass  of  fluid,  is  tliat  in 
Avhich  the  density  of  the  fluid  does  not  appre-" 
ciably  vary  during  tlie  action  of  tlie  machine,' 
in  wliich  case  tlie  solution  of  the  beforc-ptate(* 
problem  is  as  folIoAvs : — Let  a  mass  of  fluid  0) 
invariable  volume  be  enclosed  in  a  vessel,  two 
portions  of  tlio  boundary  of  which  (called  pisUms) 
are  moveable  inwards  and  outwards,  the  rest 

Then,  if  motion  W 
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msmittod  between  the  pistons  by  moving  one 
\  ards  and  the  other  outwards,  it  follows,  from 
invariability  of  the  volume  of  the  enclosed 
iid,  that  the  velocities  of  the  two  pistons  at 
ich  instant  will  be  to  each  other  in  the  inverse 
tio  of  the  areas  of  the  respective  projections  of 
pistons  on  planes  normal  to  their  directions  of 
tion.    This  is  the  principle  of  the  transmission 
motion  in  the  hydraulic  press  and  hydraulic 
lie.  When  the  body  by  means  of  which  motion 
transmitted  is  of  invariable  length,  but  vari- 
■  figure,  as  when  one  point  transmits  motion 
mother  by  means  of  a  flexible  cord  passed 
lud  pulleys,  the  velocities  of  the  said  points  at 
y  uistant  are  inversely  proportional  to  the 
wpective  sums  of  the  cosines  of  the  angles  mads 
bth  the  direction  of  motion  of  each  point  by 
3  several  plies  of  the  cord  which  are  directly 
inectcd  with  it.    When  the  body  by  means  of 
"dch  motion  is  transmitted  is  oiinvarlablejigure, 
well  as  of  invariable  dimensions,  the  problem 
G  enerally  of  a  more  complex  character,  and  re- 
'res  subdivision.    The  simplest  case  is  that  in 

■  "'ch  the  thing  required  is  the  relation  amongst  the 

■  tiops  of  the  different  points  of  one  solid  body, 
is  is  generally  determined  by  the  mode  of  its 

ection  with  some  fixed  body.  When  the  posi- 
and  motions  of  any  three  points  in  a  rigid 
':  id  body,  not  being  in  one  straight  line,  are  deter- 
i-ied,  the  positions  and  motions  of  all  points  in 
t  body  are  also  determined  ;  and  in  order  that 
r  positions  and  motions  of  all  the  points  of  a 
id  body  may  be  determined,  three  at  least  of 
points,  not  in  one  straight  line,  must  have 
ir  positions  and  motions  determined.  The 
'ion  of  a  point  is  determined  by  three  things  ; 
•t/orm  of  its  pcUh,  and  the  velocity  and  direc- 
I  of  its  motion  at  each  point  of  that  path ; 
Hlodty  may  be  made  to  include  direction  by 
eing  understood  that  one  direction  along  the 
a  is  to  be  considered  as  positive,  and  the  op- 
to direction  as  negative.    If  three  points  at 
»tin  a  moveable  rigid  body,  not  in  one  straight 
)  be  so  connected  with  fixed  bodies  as  to 
re  in  parallel,  equal,  and  similar  paths,  with 
ai  velocities  at  each  instant,  then  all  the  points 
-•ne  moveable  body  will  mo\'e  in  parallel, 
U,  and  similar  paths,  with  equal  velocities, 
*  any  Ime  draivn  between  anv  two  points  of 
"^body  wdl  remain  unchanged  in  direction 
g  the  motion.    This  constitutes  a  motion  of 
we  translation.    In  actual  machibes  most  of 
loyements  of  simple  translation  take  place  in 
'ght  lines,  the  paths  of  tlie  points  of  the  mov- 
piece  being  determined  cither  by  fixed  guides, 
y  combinations  of  link-work  called  parallel 
notation  IS  a  relative  movement  of  the 
"of  a  body,  such  tliat  a  line  drawn  between 
M  them  changes  its  direction.    An  axis  of 
wn,  in  the  general  and  geometrical  sense, 
ZiT  ?        ''"''^  direction  is  not 

gea  by  the  rotation  ;  a  property  possessed  by 
08  parallel  to  a  certain  ducction.    In  a  rc^ 
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strictcd  sense  of  the  word  axis,  which  ought 
rather  to  be  specified  asjixed  axis,  it  means  that 
line  vihosG  piosition,  as  well  as  its  direction,  is  un- 
changed by  the  rotation  ;  and  this,  in  a  rotating 
piece  of  mechanism,  is  generally  the  centre  line 
of  a  shaft  or  axle  turning  in  fixed  bearings. 
There  cannot  be  more  than  one  fixed  axis  in  a 
rotating  body,  and  there  may  be  none  whatsoever. 
In  the  latter  case  it  is  desirable,  for  the  sake  of 
simplicity,  in  analyzing  the  motions  of  the  points 
of  the  body  mathematicallj',  to  refer  them  either 
to  the  axis  of  rotation  which  traverses  the  centre 
of  gravity  of  the  body,  or  to  that  axis  of  rotation 
whose  path  of  translation  is  the  shortest.  A  plane 
of  rotation  is  any  plane  in  which  the  rapidity  of 
the  change  of  direction  of  a  line  draw  between 
two  points  is  a  maximum  ;  every  plane  perpen- 
dicular to  the  direction  of  the  axes  of  rotation  has 
this  property.    The  angidar  velocity  of  rotation 
is  the  angle  through  which  any  line  in  a  plane  of 
rotation  changes  its  direction  in  an  unit  of  time: 
and  is  necessarily  the  same  in  all  parts  of  the 
same  rigid  body ;  so  that  the  condition  of  rota- 
tion with  a  given  angular  velocity  is  one  which- 
if  it  exists  in  a  rigid  body  as  a  whole,  exists  in. 
each  of  its  parts,  how  small  soever.  Angular 
velocity  may  be  expressed  in  degrees  per  hour, 
minute,  or  second,  or  in  turns  per  hour,  minute, 
or  second ;  for  theoretical  purposes,  however,  the 
best  mode  of  expresssng  it  is  in  length  of  arc  to 
the  radius  unity  per  second  ;  and  tlius  it  is  to  be 
understood  when  not  otherwise  specified.  The 
motion  of  any  point,  a,  relatively  to  any  other 
point,  B,  in  a  rotating  rigid  bodj',  is  one  of  re- 
volution or  translation  in  a  circular  path  round 
the  axis  passing  through  b,  with  a  linear  velo- 
city equal  to  the  product  of  the  angular  velocity 
into  the  perpendicular  distance  of  A  from  the  said 
axis;  and  the  motion  of  b  relatively  to  a  is 
exactly  the  same  with  that  of  a  relatively  to  b. 
The  linear  velocities  of  any  two  points  in  a  ro- 
tating rigid  body  relatively  to  the  axis  passing 
through  a  third  point,  are'  to  each  other  in  the 
ratio  of  the  respective  perpendicular  distances  of 
the  first  two  points  from  the  said  axis  ;  and  this 
is  the  principle  of  the  modification  of  motion  by 
the  lener  and  the  loheel  and  axle.  The  motion  of  a 
rigid  body,  when  it  is  neither  one  of  simple  trans- 
lation, nor  of  rotation  about  a  fixed  axis,  may  be 
analyzed  for  mathematical  purposes  into  a  motion 
common  to  all  the  points  of  the  body  with  an 
assumed  axis  of  reference,  and  a  rotation  about 
that  axis.    For  the  sake  of  convenience,  it  is  in 
general  advisable  to  assume  for  an  axis  of  refer- 
ence, cither  the  axis  traversing  the  centre  of  gi-a- 
vity  of  the  bodj',  or  that  axis  whose  proper  motion 
is  the  shortest  or  the  most  simple.    When  one 
piece  of  a  machine.  A,  is  connected  with  another 
piece,  n,  and  n  with  tiio  fixed  framing,  c,  so 
that  A  has  a  given  motion  relatively  to  b,  and 
B  a  given  motion  relatively  to  c,  then  the  motion 
of  A,  relatively  to  c,  is  found  by  the  geometrical 
adding,  putting  together,  or  taking  the  resultant 
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of,  the  two  given  motions.  If  each  of  the  two 
sides  of  a  parallelogram  represents  in  direction 
and  length  the  direction  and  velocity  of  a  motion 
of  translation,  the  diagonal  will,  in  lilte  manner, 
represent  the  resultant  motion.  If  the  two  sides 
of  a  parallelogram  i-epresent  in  direction  the 
axes,  and  in  length  the  angular  velocity,  of  two 
motions  of  rotation,  the  diagonal  will,  in  like 
manner,  represent  in  direction  the  axis,  and  in 
length  the  angular  velocity,  of  the  resultant 
motion.  When  motion  is  transmitted  from  one 
piece  of  a  machine  to  another,  that  whose  motion 
is  the  cause  is  called  the  driver,  that  whose  motion 
is  the  effect,  the  follotoer.  The  connection  between 
the  driver  and  the  follower  may  be —  1.  By  rolling 
contact  of  their  surfaces,  as  in  toothless  wheels ;  2. 
By  slidiiiff  contact  of  their  surfaces,  as  in  toothed 
wheels,  screws,  wedges,  cams,  and  escapements ;  3. 
By  wrapping  connectors,  such  as  belts,  cords,  and 
gearing-chains^  4.  By  link-ioork,  such  as  con- 
necting rods,  universal  joints,  and  clicks;  5. 
By  reduplication  of  cords,  as  in  the  case  of 
ropes  and  pulleys,  already  discussed.  The  various 
cases  of  the  transmission  of  motion  from  a  driver 
to  a  follower  are  further  classified,  according  as 
the  relation  between  their  directions  of  motion  is 
constant  or  changeable,  and  according  as  the 
ratio  of  their  velocities  is  constant  or  variable. 
In  every  case  except  that  of  reduplication  of 
cords,  the  principle  of  which  has  already  been 
given,  there  is  at  each  instant  a  certain  straight 
line,  called  the  line  of  connection,  or  line  of 
mutual  action  of  the  driver  and  follower.  In  the 
case  of  rolling  contact,  this  is  any  straight  line 
whatsoever  traversing  the  point  of  contact  of  the 
surfaces  of  the  pieces ;  in  the  case  of  sliding  con- 
tact, it  is  a  line  perpendicular  to  those  surfaces 
at  their  point  of  contact ;  in  the  case  of  wrap- 
ping connectors,  it  is  the  centre  line  of  that  part 
of  the  connector  hy  whose  tension  the  motion 
is  transmitted  ;  in  the  case  of  link-work,  it  is  the 
straight  line  passing  through  the  points  of  at- 
tachment of  the  link  to  the  driver  and  follower. 
The  line  of  connection  of  the  driver  and  follower 
at  any  instant  being  known,  their  relative  velo- 
cities are  determined  by  the  following  principle  : 
— The  respective  linear  velocities  of  a  point  in  the 
driver,  and  a  point  in  the  follower,  each  situated 
am/w/iere  in  the  line  of  connection,  are  to  each 
other  inversely  as  the  cosines  of  the  respective 
angles  made  by  the  j)at/is  of  the  points  with  the 
line  oj  connection.  Some  of  the  consequences  of 
thU  principle  are  the  following.  When  the 
driver  and  follower  both  rotate  round  fixed  axes, 
it  is  essential  to  rolling  contact  that  tlie  point  of 
contact  and  the  t^vo  axes  should  be  in  one  plane ; 
and  in  this  case  the  respective  angular  velocities 
of  the  driver  and  follower  are  to  each  other  in- 
versely as  tlie  perpendiculars  let  fall  from  the 
point  of  contact  on  their  respective  axes.  In 
order  that  two  toothed  wheels  may  have  the 
same  relative  motion  from  the  sliding  contact  of 
tlicir  teetti,  which  they  would  have  if  toothless, 
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from  the  rolling  contact  of  their  pitch  lines,  each 
pair  of  tooth-surfaces,  in  the  driver  and  follower 
respectively,  which  are  intended  to  work  to- 
gether, should  be  described  by  rolling  the  same 
cui've  of  any  figure,  on  the  same  side  of  the  re- 
spective pitch  lines  of  the  driver  and  follower. 
The  relative  velocity  of  a  driver  and  its  follower 
is  sometimes  made  capable  of  being  changed  at 
will,  by  means  of  apparatus  for  varj-ing  the  posi-  . 
tion  of  their  line  of  connection ;  as  when  a  pair 
of  rotating  cones  are  embraced  hy  a  belt  which 
can  be  shifted  so  as  to  connect  portions  of  their 
surfaces  of  different  relative  diameters.    A  train  j 
of  mechanism  consists  of  a  series  of  mo\'ing  it 
pieces,  each  of  which  is  follower  to  that  which  |' 
drives  it,  and  driver  to  that  which  follows  it. 
A  mechanical  notation  has  been  contrived  by  Mr. 
Babbage,  by  which  the  nature,  mode  of  con-> 
nection,  and  motion  of  any  train  of  mechanism, 
how  complicated  soever,  can  be  clearly  expr( 
by  a  system  of  symbols. 

Outline  of  the  Theory  of  the  Work  of  Machii 
— A  force  applied  to  a  piece  of  mechanism  is 
power  if  it  acts  in  the  direction  of  the  motion  ol 
its  point  of  application  ;  a  resistance  of  it  acts  in 
the  opposite  direction  ;  and  a  lateral  stress,  if  il 
acts  at  right  angles  to  that  direction.  All  thi 
forces  applied  to  a  piece  of  mechanism  may  be 
solved  or  analyzed  into  powers,  resistances,  ani 
lateral  stresses.  The  only  direct  effect  of  a  Zateri 
stress  is  to  strain  the  material  of  the  mechanisi 
and  framework.  It  has  an  indirect  effect  in  in 
creasing  the  resistance  hy  producing  friction 
but  when  the  amount  of  the  resistance  so  pro 
duced  has  been  ascertained  and  included  amongs 
the  resistances  in  general,  the  lateral  stress  is  tl 
be  left  out  of  consideration  so  far  as  the  work 
the  machine  is  concerned.  A  reciprocating  faro 
or  active  resistance  is  a  force  which  acts  alter 
nately  as  a  resistance  and  a  power  of  equal  in 
tensity,  according  as  its  point  of  applicatioi, 
moves  in  one  direction,  or  in  the  opposite  direc 
tion.  Of  this  kind  is  the  weight  of  any  jnece  i 
the  mechanism  whose  centre  of  gravity  alternatcl 
rises  and  falls,  being  a  resistance  during  tlie  rin 
and  a  power,  of  equal  intensity,  dm  ing  the  fal 
Of  this  kind  also  is  the  elastic  force  of  a  sprini. 
and  of  a  mass  of  compressed  air.  A  pas.<{ve  n 
sistance  is  a  force  wliich  either  acts  as  a  rc-istam, 
in  what  direction  soever  its  point  of  apiilicatio, 
moves  (such  as  friction),  or  which  acts  as  a 
sistance  when  its  point  of  application  moves  i 
one  direction,  and  ceases  to  act  when  that  niotij 
is  reversed  (such  as  the  resistance  of  sOtl  bodi' 
to  pressure).  The  passive  resistance  at  the  poin 
where  the  useful  -work  of  tlie  machine  is  jic 
formed  is  useful  resistance ;  all  other  passive  r, 
sistance  is  useless  or  jnejudicial  resistance, 
being  foreign  to  the  purpose  of  the  niachin, 
This  distinction  of  resistance  into  useful  and  us 
less  has  reference  to  human  purposes  only,  a'l 
not  to  the  order  of  tlie  universe.  A  power  may 


employed  either  to  balance  a  resistance  or  toprodu,  f^.^ 
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-l\tc  off  ho  velocit)'  of  a  piece  of  the  mechanism ; 
power  employed  in  the  latter  way  is  called 
■ng  force,  and  its  ratio  to  the  weight  of  the 
e  accelerated  is  that  of  the  increase  of  velocity 
luced  in  a  second  to  the  increase  of  velocity 
liiced  by  gravity  in  a  second,  the  value  of 
h  last  quantity  is  (to  an  accuracy  sufficient 
the  purposes  of  mechanism)  32-2  feet  per 
}ond,  and  is  denoted,  for  brevity's  sake,  by  g. 
it  V,  then,  be  the  velocity  of  a  piece  of  the 

cachanisra  -whose  weight  is  m,  and  inertia  , 

,   .  9 

I  d  dv  the  increase  which  such  velocity  under- 

,    ,      m    dv  ,  ^ 

ees  m  an  instant  of  time,  at,  then  is  the 

g  dt 

wving  force,  which,  inasmuch  as  it  employs 
of  the  power  which  would  otherwise  act  in 
lalancing  resistance,  may  be  treated  in  compu- 
iiion  as  a  resistance.  On  the  other  hand,  a 
aistance  may  be  overcome,  either  by  being 
lalanced  by  a  power,  or  by  being  employed  in 
yijducing  diminution  of  the  velocity  of  a  piece  of 
3  mechanism.  In  this  case  the  moving  force 
wducing  the  retardation  —  dv  during  the  in- 
nint  dt  in  the  weight  m,  is  represented  by 
m  dv 

—  .      ,  and,  inasmuch  as  it  employs  part 

I  the  resistance  which  would  otherwise  act  in 
posing  power,  it  may  be  treated  in  computation 
;  a  power.  In  all  actual  machines,  the  velo- 
ies  of  the  pieces  of  the  mechanism  when  not 
istant  are  periodical,  being  alternately  accele- 
:ed  and  retarded ;  so  that  the  moving  forces 
!  to  be  treated  as  reriprocating  forces,  acting 
'  resistance  during  the  acceleration,  and  as  a 
fwer  during  the  retardation. —  WorJc  is  the 
')dnct  of  a  resistance  overcome  into  the 
atance  through  which  its  point  of  applica- 
n  is  moved  against  it.  Work  is  expressed 
nraerically  by  multiplying  the  resistance  in 
nts  of  weight  (such  as  pounds)  by  the  distance 
rough  which  it  is  overcome  in  units  of  length 
hch  as  feet).  The  unit  of  work  employed  in 
■itain  is  called  a  foot-pound;  that  is,  the  work 
Tformed  in  lifting  a  mass  weighing  one  pound 
cough  the  elevation  of  one  foot.  The  rate  of 
tri,  or  duty,  at  a  given  point,'  is  the  work  per- 
^med  in  an  unit  of  time,  and  is  the  product  of 
•J  resistance  into  the  velocity.  When  a  body 
ates  round  a  fixed  axis,  the  product  of  an 
iplied  force  by  the  perpendicular  distance  of  its 
TOt  of  application  from  that  axis  is  called  the 
■"lent  of  the  force ;  and  accordingly  the  rate 
work  in  overcoming  a  resistance  applied  to  a 
iy  rotating  on  a  fixed  axis,  is  the  product  of 
>  momeni  of  the  resistance  into  the  angidar 
only.  When  resistances  are  applied  to  various 
•nts  of  a  piece  of  mechanism  having  a  move- 
■nt  of  simple  translation,  the  work  is  found  by 
Utiplying  the  sum  of  the  resistances  hj  the 
■mmon  distance  through  which  all  their  points 
'  application  are  moved  alike,  and  the  rate  of 
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work  is  the  product  of  the  sum  of  the  resistanccfi 
into  the  common  velocity.  When  the  resistance 
is  expressed  as  a  pressure  jyer  unit  of  area,  the 
work  is  the  product  of  that  pressure  into  the 
cubic  space  moved  through  by  the  surface  to 
which  it  is  applied.  When  the  points  of  appli- 
cation of  the  resistances  have  different  velocities, 
tlie  work  is  the  sum  or  integral  of  the  products 
of  each  resistance  into  the  space  described  by  its 
point  of  application.  For  example,  if  resistances 
be  applied  at  various  points  of  a  body  rotating 
round  a  fixed  axis,  the  rate  of  work  is  the  pro- 
duct of  the  sum  of  the  moments  of  the  resistances 
into  the  common  angular  velocity.  The  work 
performed  in  accelerating  the  velocity  of  a  piece  of 
mechanism  of  the  weight  m,  having  a  movement 
of  translation,  from  the  amomit  vi,  to  the  amount 
W2)  is  equal  to  that  which  would  be  performed  in 
lifting  ihe  same  piece  to  the  height  from  which 
it  would  have  to  fall  in  order  to  be  similarly  ac- 
celerated ;  that  is  to  say,  the  amount  of  the  said 

work  is  represented  by  m  ^  ^   )  '  *"* 

product  of  the  inertia  of  the  piece  into  half  the 
diflference  of  the  squares  of  its  velocities  before 
and  after  acceleration. — When  the  different  por- 
tions of  the  piece  have  different  velocities,  or  are 
differentlj'  accelerated,  the  work  of  acceleration  is 
ascertained  by  conceiving  the  piece  to  be  divided 
into  small  molecules,  multiplying  the  weight  of 
each  by  the  height  from  which  it  would  have  to  fall 
to  produce  its  own  proper  acceleration,  and  taking 
the  sum  or  integral  of  the  products.  For  example, 
let  the  piece  of  mechanism  rotate  about  a  fixed 
axis  with  an  angular  velocity  a ;  let  it  be  eon- 
cen'ed  to  be  divided  into  a  number  of  molecules, 
and  let  the  weight  of  any  one  of  those  molecules 
be  denoted  by  d  m,  and  its  perpendicular  distance 
from  the  axis  by  r,  so  that  its  linear  velocity  is 
ar;  then  the  work  performed  in  accelerating  the 
angular  velocity  from  the  amount  to  the 
amount  ag  is 


"2          "J    ^  /* 

^2 


r-  dm. 
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The  quantity  L  /  d  m  ia  the  moment  of 
.      .  9  J 

inertia  of  the  rotating  mass. — Energy  means 
capacity  for  per f  orming  work.  The  energy  of  a 
power,  or  Potential  Energy,  is  the  product  of  a 
power,  in  units  of  weight,  into  the  distance  in 
units  of  length  through  which  it  is  capable  of 
moving  its  point  of  application.  The  energy  re- 
ceived by  a  machine  is  the  work  performed  by 
the  powers  at  their  points  of  application.  The 
energy  of  a  moving  mass,  or  Actual  Energy,  is  the 
work  which  that  mass  is  capable  of  performing 
I)y  overcoming  resistance  during  retardation  from 
its  actual  velocity  to  a  state  of  rest,  and  is  the 
product  of  its  incrlia  into  half  the  square  of  its 
linear  velocity,  if  tiic  motion  be  one  of  simple 
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fvatislalion,  or  of  its  moment  of  inertia  into  half 
the  square  of  its  angular  velocity,  if  the  motion 
be  one  of  rotation  about  a  fixed  axis.  The  work 
performed  in  overcoming  the  resistance  of  a  reci- 
procating force  becomes  stored  potential  energy, 
available  for  the  purpose  of  overcoming  passive 

1  esistance  when  the  motion  of  the  point  of  appli- 
cation of  the  reciprocating  force  is  reversed ;  and 
in  like  manner  the  work  performed  in  accelerating 
the  motion  of  a  piece  of  the  mechanism  becomes 
stored  actual  energy,  available  for  the  purpose  of 
overcoming  passive  resistance  when  the  motion 
of  the  piece  is  retarded.  The  work  performed  by 
ineans  of  stored  energy  may  be  called  restored 
eneigy.  The  work  performed  in  overcoming  ;jas- 
sive  resistance  is  irrecoverably  expended,  partly 
in  lost  work,  being  that  performed  in  overcoming 
useless  resistances, — partly  in  vseful  work.  Its 
energj'  continues  to  exist  in  the  universe,  but  not 
in  a  form  available  for  the  purposes  of  the  machine. 
— These  definitions  and  explanations  having  been 
premised,  the  following  is  the  Geneu^u.  Law  of 
THE  Work  of  Machines  : — In  any  given  time, 
the  Energy  received,  added  to  the  restored  energy, 
is  equal  to  the  stored  energy  added  to  the  work 
performed.  To  express  this  symbolically,  let  p 
be  any  power  applied  to  the  machuie ;  dp  the 
si)ace  described  by  its  point  of  application  in  a 
given  time;  p'  a  reciprocating  force  acting  as 
a  power; — dp'  the  space  described  by  its  pomt 
of  application ;  R'  a  reciprocating  force  acting  as 
a  resistance ;  d  r'  the  space  described  by  its  point 
of  application;  Q  a  useless  resistance;  dq  the 
space  described  by  its  point  of  application ;  e  a 
useful  resistance ;  d  r  the  space  described  by  its 
point  of  application;  E  the  increase  of  actual 
energy  of  a  moving  mass  ^vhich  is  being  accele- 
rated ;  E'  the  diminution  of  the  actual  energy  of 
a  moving  mass  which  is  being  retarded ;  and  let 

2  denote  the  summation  of  terms  referring  to  dif- 
ferent points  of  the  machine :  then 

The  energy  received  =  "2  •  v  dp; 
The  energy  restored  =  2  •  p'  dp'  -|-  2  •  e'  ; 
The  energy  stored  =:2-R'(Zr'-j-2*E; 
The  work  performed  =  '2-cidq-\-l-iidr; 
and  the  expression  of  the  general  law  is 
^•pdp-\-  2  •p' c?/)' -f  2 -E' =  2-u'rfr' 
-)-  2  •  E  -j-  2  ■  Q  tZy -|-  2  •  K  rfr. 

Perpetual  Motion  is  a  term  applied  to  delusive 
machines,  whose  inventors,  ignorant  of  the  law 
above  stated,  expect  them  to  perform  work  ivitli- 
out  receiving  energy.    Several  such  machines 

are  patented  in  each  year  If,  as  is  almost 

alwaj's  the  case  in  practice,  the  motion  of  a 
machine  is  periodic,  so  that,  at  the  end  of 
each  period,  stroke,  or  revolution,  the  points 
of  application  of  the  reciprocating  forces  return 
to  their  original  positions,  and  each  part  of  the 
mechanism  resumes  its  original  velocity;  then 

1)2 
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the  General  Law  takes  the  following  form:— /n 
each  period,  the  Energy  received  is  equal  to  t/^f 

work  performed.— Let  j  denote  the  summation  j 

or  integration  of  the  quantities  of  energy  exertedj 
and  work  performed  in  the  several  instants  of  j 
period;  then 

•S.  I  V  dp=-S.  I  cidq-\-X  I  udr. 

The  EFFrciENCY  of  a  Machine  is  the  ratio 
the  ziseful  work  to  the  energy  expended,  or 


2  /  R 


r  dp 

The  Modulus  of  a  machine  is  an  equation  show- 
ing the  relation  M'hich  its  efficiency  bears  to  its 
velocity,  to  the  foi-m  and  dimensions  of  its  parts, 
to  the  forces  applied  to  it,  and  to  the  other  circuni' 
stances  concerned  in  its  workmg. — In  designing! 
a  machine,  the  velocities  and  paths  of  the  points 
of  application  of  the  power,  are  to  be  determined 
bj'  the  nature  of  the  source  of  energy,  so  as  to 
enable  it  to  act  to  the  best  advantage.  The 
velocities  and  paths  of  the  points  at  whith  fte; 
useful  work  is  performed  are  to  be  determmed  by 
the  nature  of  the  work,  so  that  it  shall  be  done 
in  the  best  way.    The  intermediate  train  or 
trains  of  meclianism  are  to  be  adapted  to  trans- 
mit and  modify  the  motion  so  as  to  suit  the. 
already  assigned  velocities  and  paths,  with  the' 
least  possible  expenditure  of  work  in  overcomiiiL;  : 
useless  resistance ;  that  is  to  say,  generally  speak-  i 
ing,  with  the  simplest  possible  mechanism.  Each  ^ 
part  of  the  mechanism  and  framework  is  to  I  '1 
made  strong  enough  to  resist  the  forces  applic  i 
to  it,  not  only  without  injury  to  the  material,  but 
without  such  alteration  of  figure  as  Avoidd  impair 
the  accuracy  of  the  woridng  of  the  machine. — 
The  above  stated  law  of  the  work  of  machines  is , 
a  particular-  case  of  the  general  law  of  tlie  Con-  : 
SERVATIo^'  OF  Energv,  which  regulates  all  tlie 
phenomena  of  the  universe. — A  ulhorities.  Willis 
On  Mechanism;  Sang  On  the  Teeth  of  Whceif:  i 
Poncelet,  Mecanique  Indusiriellc;  Morin,  Mo- 
tions Fondamentales  de  Mecanique;  Moscley's  ) 
Mechanics  of  Engineering  and  Architecture 
Rankine  On  Applied  Mechanics;  Rankine 
Prime  Movers. 

ITIacuIuc  (Solar).  Spots  upon  the  siuface  of  j 
the  Sun.  For  a  description  of  their  probable  ^ 
nature  and  physical  cause,  see  Sun. 

Magollniiic  Cloii<l!§.  Whitish  appearances  i 
like  clouds  seen  in  the  Southern  Heavens,  but  ) 
w  itli  the  apparent  motion  of  tlie  stars.  There  ' 
are  three  of  them.  They  have  the  same  indis- 
tinct milky  appearance  as  wc  obser\-c  in  tlit'  i 
galaxy  or  milkj-  way,  and  from  the  same  cause—  < 
the  density  of  the  stratum  of  stars  and  their  enM"-  : 
mous  distance — making  them  appear  like  sUir- 
dust. 
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^TJagic  lianici-u.    See  Lantkr.v,  Magic. 

7lngiict :  ITIns;iicts :  ITlaguetizaUoii.  Tlie 
i-et  of  the  following  article  cannot  be  treated 
nut  reference  to  principles,  the  development  of 
li  is  placed  under  Magnetism  and  Electko- 

N  AMics.    Nevertheless,  for  the  ])urpose  of 

Ioiug  our  theoretical  discussion  of  the  general 
,-estion  of  Magnetism  from  unnecessary  con- 
KCtion  with  separate  although  collateral  details, 
shall  discourse,  in  this  place,  of  Magnets — 
jir  formation  and  propeities. — The  most  gen- 
,l1,  as  well  as,  perhaps,  the  most  con-ect  de- 
;iption  of  the  primary  or  fundamental  fact  of 
ipgnetism,  is  this : — if  a  piece  of  iron  or  steel 
lexposed  sufficiently  long  to  certain  terrestrial 
nlaences — if  it  be  held  for  a  time  in  a  certain 
ainite  position — if  it  be  filed,  hammered,  twisted, 
.  ,  it  becomes  capable  of  attracting  metallic 
iT^ments  and  even  of  lifting  pieces  of  iron  of 
Bie  magnitude.  This  attractive  power  belongs 
m  ore  of  iron,  hence  called  the  natural  magnet 
ixoadstone;  and,  indeed,  there  is  reason  to  believe 
1 1  it  resides,  in  greater  or  less  intensity,  in  everj' 
iisiderable  mass  of  the  matter  of  our  globe, 
luatever  approximation  has  been  made  to  the 
iiory  of  this  singular  activity,  will  be  explained 
bJie  course  of  the  two  succeeding  articles :  the 
I  now  to  be  dealt  with,  is  the  following, — the 
ihliar  power  just  specified,  can  be  communicated, 
khe  presence  of  a  body  possessing  it,  or  by 
^iain  processes,  to  bodies  not  possessing  it  in 
^reciable  degree,— hence  named  artificial  marj- 
.  We  intend  to  describe  the  various  modes  of 
tnetizing,  and  the  laws,  in  so  far  as  they  are 
nwn,  that  regulate  the  virtue  of  those  artificial 
"lets.  We  shall,  further,  advert  to  certain 
of  external  circumstances  that  affect  Mag- 
lation,  and  certain  Molecular  Actions  that 
riiriably  attend  it. 

1  Magnetization.  — There  are  two,  appa- 
rly  distmct,  modes  by  which  Magnetism  can 
mmmunicated  to  an  indifferent  bar  or  mass  of 
0  or  iron :  the  first  depending  on  the  presence 
ler  natural  or  artificial  magnets the  second 

 'perations  already  in  part  explained  imder 

TCTRo-Dynamics. 

V.)  Magnetism  induced  hy  other  Magnets  

isimplest  illustration  of  the  fact  of  the  com- 
cacation  of  Magnetic  attributes  in  this  way, 
(le  following  :_Let  a  bar  or  needle  of  steel  or 
^■fswinging  on  its  centre  of  gravity,  be  brought 
|tthe  pole  of  a  body  already  magnetized.  One 
of  the  needle  wiU  approach  that  pole  as 
a  as  possible,  and  the  needle  itself  will  point 
from  the  pole.   Should  the  two  bodies  pre- 
i  this  relative  position  for  a  brief  time,  the 
'  e  ilself  will  have  become  a  magnet,— that 
wiU  attract  iron  filings  or  small  pieces  of 
and  retain  them  attached  to  it  with  some 
On  the  removal  of  the  original  magnet, 
lar  does  not  lose  the  faculty  imparted  to 
re  ftas  become  an  artificial  magnet:— only 
in  IS  quite  a  contrast  as  to  the  power  of 
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difTerent  substances  to  return  the  faculty  so 
newly  and  singularly  acquired; — a  steel  needle 
retains  it  so  long,  that  the  magnetic  propert^v 
would  appear  to  have  become  a  permanent  part  of 
its  constitution ;  a  needle  of  soft  iron,  on  the  other 
hand,  loses  the  greater  part  of  it  a  few  instants 
after  the  withdrawal  of  the  inducing  substance, 
and  returns  to  a  comparatively  mdifferent  state. 
— The  communicability  of  the  magnetic  faculty 
thus  established,  Inquirers  sought  the  easiest 
means  of  communicating  it.  And  here,  Duhamel 
in  France,  iEpinus,  and  Mitchell  and  Canton  in 
England,  were  early  distinguished.    The  modes 
first  proposed  were  the  methods  of  single  and 
double  touch,  and  consisted  in  the  process  of  slid- 
ing the  poles  of  artificial  magnets  in  various  ways 
along  the  bar  or  bars  meant  to  be  magnetized. 
These  processes  being  well  known  and  also  well 
nigh  superseded,  we  shall  not  describe  them  in 
detail.    It  is  proper,  however,  to  specify  the 
method— in  so  far  as  it  is  understood — and  the 
success  of  Dr.  Knight,  who,  at  the  close  of  last 
century,  devoted  much  talent  and  time  to  this 
practical  subject,  and  left  a  memorial  of  his  energy 
in  the  famous  Steel  Magnet— more  powerful  than 
any  previously  known — which  is  still  in  posses- 
sion of  the  Royal  Society.    In  so  far  as  he  ever 
explained  it.  Knight's  method  was  this : — bring- 
ing together  the  opposite  poles  of  two  as  potent 
magnets  as  he  could  obtain,  he  laid  the  steel  bar 
about  to  be  magnetized  upon  these  magnets,  so 
that  its  centre  should  rest  upon  the  junction  of 
their  poles.    Then  he  gradually  withdrew  the 
magnets,  or  made  their  opposite  poles  slide  slowlv 
along  the  bar,  towards  its  opposite  ends.  And 
this  process,  repeated  a  few  times,  endowed  the  bar 
with  a  very  high  magnetic  influence.  It  is  quite 
probable,  however,  that  the  success  of  Dr.  Knight 
depended  as  much  on  his  persevering  care  and 
patience  in  repeated  trials,  as  on  any  special  virtue 
in  his  process.    The  great  magnet  which  Kniglit 
termed  his  "reservoir  of  Magnetic  Force,"  was 
once  far  more  powerful  than  it  is  at  present : — a 
fire  occurring  in  the  house  where  it  was  deposited 
after  its  maker's  death,  having  bereft  it  of  much 
of  its  energy.  Still,  a  power  of  nearly  an  hundred- 
weight must  be  applied  to  detach  its  armature 
from  the  poles.   Knight's  magnet  is  composed  (if 
450  magnetized  bars,  each  fifteen  inches  long,  one 
inch  wide,  and  half-an-inch  thick.  These  present 
at  their  extremities  two  poles  coming  out  hori- 
zontally to  a  length  of  six  inches,  a  height  of 
twelve,  and  a  width  of  three, — We  wish  we  had 
leisure  to  describe  those  remarkable  experiments 
by  Dr.  Scoresby,  in  wliich  permanent  magnets  of 
high  intensity  were  ultimately  deduced  from  the 
feeble  intensity  obtained  by  hammering  bars 
placed  in  the  magnetic  inclination.    But  tlie 
subject  belongs  rather  to  obscure  questions  re- 
ferred to  in  subsequent  sections. 

(2.)  Magnetization  hy  Electric  Currents. — Soon 
after  tlic  discovery  by  Oersted  of  the  magnetic 
eflcct  of  an  electric  cun-ent,  Arago  established 
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fliat  such  a  current  attracts  iron  filings  and  pro- 
duces magnetization  just  as  a  magnet  -would  do. 
And  to  the  same  acute  phj-sicist,  along  with  Davy, 
we  owe  the  capital  fact,  that  if  the  conductor  of 
a  current  be  bent  into  a  helix,  a  needle  placed 
in  the  axis  of  that  helix  will  become  a  magnet 
— permanent,  if  it  be  of  tempered  steel,  tem- 
porary, if  of  soft  iron.    It  subsequently  ap- 
peared— in  rigorous  agreement  with  deductions 
from  Ampere's  theory — that  in  a  right-handed 
!;elix,  viz. :  one  in  which  the  wire  is  wound  to 
the  right,  the  south  pole  of  the  needle  is  always 
at  the  extremitj'  through  which  the  discharge  or 
the  current  enters;  whereas,  in  a  left-handed 
helix,  the  north  pole  is  at  the  extremity  through 
which  positive  electricitj'  enters. — In  the  present 
section  of  this  article,  we  shall  take  notice  only 
of  the  practical  manipulations  depending  on  the 
foregoing  principle.    And,  first,  as  to  the  mode 
in  which  the  electric  current  niaj'  be  used  in  the 
production  of  permanent  magnets.  The  best  form 
of  manipulation,  by  aid  of  electricity,  seems  to 
have  been  proposed  by  M.  Elias  of  Haerlem, 
about  the  year  1843 ;  and  certainly  it  is  a  method 
by  which  the  smallest  needle  as  well  as  the 
heaviest  steel  bar  can  be  instantly  magnetized 
to  saturation,  with  the  greatest  facility.    All  the 
apparatus  necessary  is  some  twenty-five  or  thirty 
feet  of  copper  wire  of  about  one-eighth  of  an  inch 
in  thickness,  and  a  powerful  voltaic  pair.  The 
wire  must  be  wound  so  as  to  form  a  hollow,  very 
short  but  very  thick  cylinder ;  and  a  strong  elec- 
tric current  then  passed  through  it.    The  steel 
bar  with  soft  iron  armatures  at  both  ends,  or 
.  a  horse- shoe  bar  with  an  armature,  must  be 
placed  within  the  hollow  of  the  cylinder,  and 
moved  up  and  down  to  its  very  ends.  When 
the  central  position  of  the  steel  bar  again  occu- 
pies the  cylmder,  the  circuit  should  be  opened, 
and  the  bar — now  perfectly  magnetized — be  with- 
drawn.   So  efficient  is  this  simple  method,  that 
the  poles  of  some  very  powerful  bars,  magnetized 
by  Dr.  Knight  himself,  were  reversed  by  the  effect 
of  a  single  passing.   A  few  magnets,  endowed  in 
this  waj',  by  M.  Logeman,  optician  at  Haerlem, 
•were  shown  at  the  meeting  of  the  British  Asso- 
ciation in  Edinburgh,  by  Sir  David  Brewster,  in 
1850 ;  and  their  power  astonished  every  one.  The 
following  formula  has  been  given  by  M.  Hiicker 
for  the  greatest  lifting  power  of  a  permanent  steel 
magnet  of  the  weight  n.  ^ 
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r  =  10-33 

The  magnets  executed  by  the  best  makers 
Europe,  according  to  the  usual  process,  rarely  come 
up  to  the  efficiency  indicated  by  this  formula ;  but 
those  of  M.  Logeman  liave  twice  that  efficiency. 
One  of  these  magnets,  weighing  only  about  one 
Englisli  pound,  could  support  Hventtj-seven  tunes 
its  own  weight:  a  second,  weighing  twelve  and 
-half  pounds,  supported  a  weight  of  loO  pounds  • 


and  the  groat  magnet,  now  in  possession  of  the 
Koyal  Institution,  London,  weighing  only  fifty 


le- 


two  pounds,  sustains  no  less  llian  430  poimd'. 
The  permanence  of  the  magnetism,  seems  as  reJ 
markable  as  the  great  power  of  these  magneta. 
Sir  David  Brewster  states  that  though  it 
ature  were  torn  a^vay  twenty  or  even  a  thousand 
times,  the  magnet  would  still  carry  as  great 
weight  as  before. — But,  secondly,  the  greatest 
acquisition  to  the  effective  magnetic  power  withiq 
reach  of  the  riiysical  Experimentalist,  has  comi 
in  the  form  oi  Electro-Magnets,  properly  so  called 
If  a  bar  or  needle  of  soft  iron  be  placed  within 
helix  through  which  a  current  is  flowing,  it  be- 
comes instantaneously  a  temporary  magnet ;  am 
that  magnetic  faculty  or  virtue  continues  as  loDj 
as  the  current.    The  merit  of  first  constructinj  - 
an  effective  horse-shoe  magnet  of  this  kind,  ii; 
unquestionably  due  to  the  late  Mr.  Sturgeon, — i  ; 
gentleman  whose  positive  desen'ings  have  no 
been  adequately  acknowledged.    Professor  Moll 
of  Utrecht,  obtained  magnets  so  made,  from  Mi  j 
Watkins  of  London;  but  he  did  nothing  fur ^ 
ther  than  apply  the  original  idea  inaugurate  i 
by  Sturgeon.  The  greater  part  of  our  subsequen  % 
advance,  in  the  construction  of  Electro-Slag 
nets,  as  well  as  a  considerable  portion  of  ob  j 
accurate  results  as  to  the  laws  of  their  power,  i  i 
owing  to  Mr.  Joule  of  ilanchester — an  Inquire  ) 
who  has  already  secured  a  place  in  Scientific  Hii  j 
tory  that  will  rank  him  with  the  best  discovere  \ 
in  our  time.    Mr.  Joule's  theoretical  invest  i 
gations  shall  be  noticed  immediately:  we  refi  i 
at  present  only  to  his  processes  of  Electric  | 
Magnetization  and  their  results.    He  has  give  | 
two  forms  to  his  chief  electro  -  magnets.    Tl  \ 
first,  made   so  early  as   1840,  is  thus  di  i 
scribed  by  himself:— "A  piece  of  cylindri 
wrought  iron  eight  inches  long  had  a  hole,  oi 
inch  in  diameter,  bored  through  the  entire  lenj^ 
of  its  axis  -,  one  side  of  it  was  then  planed  a' 
until  the  hole  was  laid  open  through  its  enl 
length.    Another  piece  of  iron,  also  eight  ini 
long  was  then  planed,  and  having  been  seci 
with  its  face  in  contact  with  tlie  other  plj 
surface,  the  whole  was  turned  into  a  cylini 
eight  inches  long,  three  and  three-quarter  ini 
in  diameter,  and  one  and  one-fourth  incli  in 
diameter  of  tlie  bore.   The  larger  piece,  intca 
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for  the  electro-magnet,  was  then 


wound  tat 

with  four  copper  wires,  each  of  wliich  was  twetf 
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hree  feet  long,  one-eleventh  of  an  inch  in  dia- 
iiL'ter,  and  covered  with  silk."    The  foregoing 
^ure  shows  this  electro- magnet  and  its  arma- 
ure.    It  was  shown  at  the  Exiiibition  in  1852, 
he  weight  of  the  entire  magnet  was  only  fifteen 
(Hinds;  and  yet  Mr.  Joule  found  that  the  cir- 
ilation  of  a  current  from  a  powerful  battery 
labled  the  keeper  or  armature  to  resist  force  up 
I  a  weight  of  2,090  pounds !  This  great  electro- 
iiaguet,  therefore,  could  exercise  a  retaining  power 
li-er  a  mass  one  hundred  and  forty  times  its  own 
■  ieight!    But  the  marvel  is  increased  by  the 
latement,  that  small  magnets  have  been  made 
Mr.  Joule,  by  similar  arrangements,  capable 
sustaining  3,500  times  their  own  weight, 
•ine  of  these,  which  weighed  less  than  half  a 
rain,  was  given  by  Mr.  Joule  to  Dr.  Roget.— 
r.r.  Joule  put  more  effectively  into  practice,  in 
i  second  effort,  a  principle  of  whose  accuracy 
!  had  become  convinced,  viz. ;  that  if  a  particle 
»wire  conducting  a  voltaic  current  be  made  to 
t  upon  a  very  large  surface  of  iron,  the  intensity 
I  the  induced  magnetism  will  not  be  much 
ninished  by  an  increase  iu  the  distance  of  the 
;:ticle  from  the  surface  of  the  iron.  The  follow- 
;  are  the  details  of  the  electro-magnet  now  to 
Idescribed,  and  in  which  full  advantage  is  taken 
lithe  foregoing  principle  :— A  plate  of  the  best 
ought  iron  was  obtained,  one  inch  thick, 
3nty-two  inches  long,  twelve  inches  broad 
I  the  centre,  and  tapering  from  the  centre, 
'Ough  a  curve,  until  at  the  edges  the  bar  was 
1  y  three  inches  broad.    This  plate  was  then 
:  t  into  a  semicircular  shape,  so  as  to  bring  its 
■  8  within  twelve  inches  of  one  another.  Next, 
vas  engirt  by  a  coil  consisting  of  a  bundle  of 
•per  wires,  sixty-eigiit  yards  long,  and  weigh- 
:  one  hundred  pounds.    The  arrangement  of 
.  great  electro-magnet,  in  a  wooden  box  pro- 
ii\  for  it,  will  best  be  understood  by  aid  of  the 
lioined  sketch. 


Fifr.  2. 

important  results  of  the  experiments  made 
ir.  Joule  with  this  magnet,  are  adverted  to 
V .  nis  general  conclusion  is,  (hat  (he  greatest 
fcj  that  can  be  lifted  by  an  electro-magnet 
M  of  a  bar  of  u-on  one  inch  square,  bent  into 
"■crcular  shape,  is  fovr  hundred povnclt- 
•■equ.Mt8  to  add,  that  the  form  of  the  con- 
m  ot  mechanical  energy  obtained  by  tii* 
-;o-magnet  is  the  only  one  yet  know^n,  in 
1  an  almost  complete  effective  conversion 
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may  be  attained.  It  is  not  so  much  the  lor,3 
of  power  ill  the  conversion  of  energy  that  con- 
stitutes the  inutility  of  electro-dynamic  maciiines, 
as  the  expense  of  zinc,  the  oxidation  of  which 
is  employed  as  the  source  of  energy. 

(3.)  Measure  of  the  Mncinetic  Efficiena/  of 
Electric  Currents.     The  Point  of  Saturation. 
The  Coercitive  Force. — The  nature  of  the  general 
relationship  between  Magnetic  Currents  and  the 
Magnetic  Faculty  having  been  ascertained,  the 
question  that  next  attracts  attention  is  this, — 
what  is  their  exact  or  numerical  relationship? 
Through  what  formuliB  can  we  deduce,  under 
given  conditions,  the  equivalent  Magnetic  Force 
of  a  certain  amount  and  manner  of  Electric  Force? 
Although  no  answer  fully  satisfactory  can  yet  be 
given,  the  subject  has  obtained  the  notice  and 
engaged  the  researches  of  our  most  distinguished 
physicists  —  such  as  Lenz  and  Jacobi,  Joule, 
Thomson,    Feilitzsch,   Wertheim,  Poggendorf, 
Pliicker,  Dub,  &c.,  &c.    There  are  two  points 
of  especial  importance  necessarily  leading  to  ex- 
ceptions or  apparent  breaches  of  continuitv  in 
any  Laws  that  may  be  established  on  this  sub- 
ject ;  and  it  is  not  improbable  that  partial  over- 
sight of  these  may  account  for  the  apparently 
discrepant  results  of  several  of  the  foregoing  In- 
quirers.  In  thej^rs^  place,  it  is  not  to  be  expected 
that  any  law  or  rule  regarding  the  magnetizing 
efficiency  of  electric  currents,  should  hold  when 
the  bar,  subjected  to  them,  has  nearly  reached 
its  maximum  magnetic  efficiency,  or  its  point  of 
saturation.    In  whatever  the  magnetic  faculty 
consists,  it  is  abundantly  plain  that  it  has  inti- 
mate connection  with  molecular  arrangement; 
and  it  is  easy  to  see  that  any  force— be  it  what 
it  may— tending  to  evolve  this  molecular  arrange- 
ment, will  probably  not  act  proportionally,  after 
the  moleciUes  of  the  body  affected  by  it  have 
been  nearly  all  brought  into  the  position  or  con- 
dition which  enables  or  disposes  them  to  exert 
the  specified  virtue.    It  is  only,  therefore,  at  a 
certain,  although  at  present  undefined,  distance 
from  the  point  of  saturation,  that  we  ought  to 
exjiect  traces  of  proportion  between  the  intensity 
of  inducing  electric  currents,  and  induced  mag- 
netic effect.    But  Mr.  Joule  has  recently  pointed 
at  a  second  cause  of  discordance  in  (lie  experi- 
ments so  assiduously  made.    The  total  magnetic 
action  of  an  electric  current  consists  of  two  parts 
that  must  be  carefully  distinguished.    There  is, 
in  the  first  place,  a  magnetism  existing  under 
the  pure  inductive  influence  of  the  current,  which 
is  destroyed  tlie  moment  the,  current  ceases; 
and,  secondly,  the  influence  of  a  magnetism  more 
or  less  |)ormaneutly  communicated  to  the  bar  it- 
self, and  henceforth  residing  in  it, — an  influence 
which  Mr.  Joule  designates  as  (lie  maynetic  set 
of  the  bar.    No  doubt  can  exist  tiiat  these  two 
phen(.inena  belong  to  different  causes ;— the  latter 
depending  on  the  constitution  of  the  substance  of 
the  bar;  the  former  purely  representing,  and  solely 
depending  on  the  Magnetic  Influence  of  the  Elec- 
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trie  Currents.  Mr.  Joule's  first  object,  thererore, 
ivas  to  eliminate  this  vr/u/netic  set  out  of  the  total 
o:rect ;  and  he  has  detected,  gevernlly,  the  following 
laws : — In  bars  of  diameters  up  to  one-fourth  of 
an  inch,  the  magnetic  set  obtained  by  feeble  cur- 
rents is  proportional  to  the  square  of  the  current 
producing  it.  This  law  subsists  through  a  long 
series  of  Magnetic  Intensities ;  but  when  the  cur- 
rent is  increased,  and  the  diameter  of  the  bars  is 
so  low  as  -jVth  or  ■g'jth  of  an  inch,  the  set  in- 
creases in  a  much  higher  ratio,  rarj'ing  as  the 
fourth,  or  even  the  sixth  powers  of  the  current. 
This  singular  increase  of  the  magnetic  set,  when 
the  bar  is  highly  impressed,  is  remarkably  ana- 
logous to  the  law  established  by  Professor  Eaton 
Hodgkinson,  respecting  the  permanent  change  of 
figure  impressed  on  a  beam  of  any  material, — a 
change  wliich  is  proportional  to  the  square  of  the 
force  applied,  until  we  reach  the  neighbourhood 
of  the  breaking  point.  But  the  point  of  gi-eatest 
importance,  and  of  by  far  the  widest  interest,  is 
this, — remove  the  magnetic  set,  and  the  doubt  as 
to  the  proportionality  of  induced  magnetic  virtue, 
to  the  strength  of  the  Inducing  Currents,  alto- 
gether disappears.  It  has  been  propounded  by 
Professor  Thomson,  that,  if  the  effect  of  set  be 
abstracted  from  the  results  of  pressure  on  bodies, 
the  elasticity  of  all  bodies  will  be  found  perfect. 
The  analogy  cannot  be  mistaken  here,  nor  is  it 
unreasonable  to  hope  that  so  remarkable  an  ana- 
logy between  magnetic  and  ordinary  molecular 
actions,  may  lead  us  to  a  clearer  insight  into  the 
intimate  nature  of  Magnetism.  At  all  events, 
the  subject  is  in  most  competent  hands. — Steer- 
ing clear  of  the  neighbourhood  of  the  point  of 
saturation,  and  of  the  disturbing  effects  of  the 
magnetic  set,  it  seems  to  have  been  ascertained 
by  Jacobi  and  Lenz,  that,  when  two  bars  of  iron 
of  different  diameters,  but  equal  to  one  another  in 
length,  and  surrounded  by  coils  of  wire  of  the 
same  length,  carry  equal  streams  of  electricity, 
the  magnetism  developed  in  the  bars  is  propior- 
tional  to  their  respective  diameters.  Mr.  Joule, 
in  his  earlier  researches,  had  deduced  the  follow- 
ing theorem :  —  The  a  ttractive  force  of  the  Elec- 
tro-Magnet for  a  bar  of  iron  induced  by  it  is 
directly  as  the  square  cf  the  Electric  force  to 
which  its  iron  is  exposed;  or  if  e  denote  the 
quantity  of  E/ectricily,  M  the  Magnetic  attrac- 
tion of  the  Iron  made  inagnetic,  and  \v  the 
length  of  the  wire, —  M  =  K»  AV2: — therefore 
the  pure  magnetic  effect  of  the  current  must 
be  proportional  to  e  w.  The  resolution  of 
the  apparent  conflict  of  these  two  views,  is  un- 
doubtedly in  the  conception  of  Professor  Thom- 
son, that  similar  bars  of  different  dimetisions, 
similarly  rolled,  tvith  lengths  of  it-ire  propor- 
tional to  the  squares  of  their  linear  dimensions, 
and  carrying  equal  currents,  cause  equal  forces  at 
points  similarly  situated  with  reference  to  them." 

 2.  Reference  has  been  made  above  to  the 

point  of  saturation,  or  to  the  maximum  of  the 
power  that  any  bar  may  assume  under  the  in- 


MAG 

flnence  of  Electric  Currents.  Only  one  further 
very  general  proposition  may  now  be  adventured 
here.  The  magnetic  effect  of  any  Electric  Cur- 
rent, will  ultimately  be  found  equivalent  to  its 
thermic  effect,  or  its  jjower  to  decompose,  minuf 
the  thermic  value  of  that  one  process  wlrich  is  stiil 
indefinite.  It  is  impossible  to  state  the  amount 
of  dynamic  energy  consumed  by  the  molecules  of 
the  iron  bar,  as  they  take  on  their  new  and  con- 
strained positions  ;  but  Ave  shall  obtain  light  on 
this  subject  through  these  recent  researches  of  Mr. 

Joule.  3.  It  is  necessarj'to  define  in  this  place, 

an  expression  that  has  become  iec/iwica/ in  practi- 
cal magnetism, — yhz.,  the  coercitive  force.  Refer- 
ence has  been  alreadj'  frequently  made  to  the  fact, 
that  steel  bars  magnetized  in  any  ^\■ay  retain 
their  maginetic  faculty ;  while  bars  of  soft  iron, 
magnetized  by  Electric  currents,  rapidly  lose  this 
induced  faculty.  It  is  a  further  fact,  that  in- 
versely as  the  facility  of  the  loss  or  departure  of 
the  Magnetic  Facultj-,  is  the  slowness  or  difficulty 
with  which  any  bar  becomes  endowed  witli  it. 
Now,  this  difficulty  is  termed  the  coercitive  force. 
It  is  the  power  or  operation — whatever  that  may 
be — which,  in  tempered  steel,  opposes  the  develop- 
ment of  the  Magnetic  Faculty,  and  interposes  an 
obstacle  to  the  return  of  a  bar  to  its  natural  state, 
when  active  magnetization  has  ceased.  Its  ul- 
timate cause  is  plainly  the  molecular  constitution 
of  the  body. 

II.  The  Influence  of  Heat,  &c.,  on  the 
Magnetism  of  Needles  or  Bars. — Something 
has  been  indicated  in  the  previous  sub-section  con- 
cerning the  dependence  of  the  coercitive  force  on 
the  temper  of  bars  endowed  with  the  Magnetic 
Faculty.  We  subjoin  here  a  few  remarks  on  the 
influence  of  other  Physical  conditions.  In  the 
first  place,  the  influence  of  torsion  or  hammering. 
When  a  bar  of  iron  is  either  much  hammered 
or  twisted,  it  seems  to  gain  a  coercitive  power 
suflicient  to  enable  it  to  become  a  permanent 
magnet.  This  curious  subject  has  been  much 
studied  by  Ed.  Becquerel  and  M.  Werthcim. 
Torsion  has  temporary  as  well  as  permanent 
effects.  The  tem])orary  efl"ects  are  jnainly  these: 
when  a  magnet,  that  is  endowed  to  saturation,  is 
twisted,  it  jjartially  loses  its  power,  but  it  re- 
covers that  power  wholly  on  being  twisted  back 
again.  The  permanent  effects  are  shown  in  the 
case  of  wires  which  when  twisted  have  become 
permanent  magnets.  If  such  a  wire  of  soft  iron, 
surrounded  by  an  electric  helix,  is  twisted  at  the 
same  time,  it  is  found  capable  of  receiving 
permanent  magnetism:  if,  again,  it  is  twisted 
anew  while  in  the  centre  of  the  helix,  its  mag- 
netic efl^ects  or  faculties  are  reversed.  According 
to  M.  Werthcim.  these  torsion  experiments  act  in 
a  very  special  way,  by  forcing  the  molecules  ol 
the  wire  to  dispose  or  arrange  themselves  in  tb( 
form  of  spirals,  Avhich  is  ])ri'cisely  the  form  as- 
signed by  Ampere  to  the  Electric  current.  It  « 
right  to  "mention,  however,  that  Wcrtheinrs  con- 
clusions, alike  experimental  and  theoretical,  ha^'' 
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been  contested.    In  the  saino  uncertain  category 
must  at  present  be  ranked  certain  supposed  re- 
sults of  MuUeucci,  on  the  magnetic  influence  of 
traction,  or  a  forcible  lengthening  of  a  magnet- 
ized bar. — But  tlie  important  influence  on  the 
magnetism  of  bars,  springs  from  the  Heat  to 
which  the}'  are  or  may  be  subjected.    There  is 
no  doubt  as  to  the  reality  of  the  Law  that,  by 
heating  a  magnetic  bar,  you  diminish  its  mag- 
netic faculty.    Coulomb  very  early  discerned 
this ;  and  he  saw  besides,  that  no  increase  of  the 
mere  temper  of  a  steel  bar,  could  mthdraw  it  from 
the  aforesaid  influence  of  heat.   Kupffer  recently 
!  took  up  the  subject,  and  conceived  that  he  had 
L  determined  the  law  according  to  which  the  free 
i  or  effective  magnetism  of  a  bar  and  its  temper- 
:  ature  vary  as  two  co-ordinates.  But  the  difficulty 
\  was  met  in  the  best  form  by  Gauss.  Possessed 
I  of  the  most  delicate  instruments,  and  having  got 
r  rid  by  very  ingenious  methods,  of  all  influence 
a  arising  from  the  variations  of  terrestrial  magnet- 
i  ism.  Gauss  reached  the  following  three  conclu- 
>  sions: — 1.  The  variations  of  the  magnetism  of  a 
bar,  are  subjected,  when  the  temperature  of  the 
i'bar  is  being  raised,  to  laws  different  from  those 
■\  which  regulate  these  variations,  as  its  temperature 
i-is  being  lowered. — 2.  The  same  bar  acts  differ- 
-lently  under  changes  of  temperature,  according  to 
tthe  intensity  of  the  magnetism  it  possesses.  When 
'tits  magnetic  faculty  is  powerful,  the  bar  retains 
'it  obstinately,  and  the  change  of  temperature  pro- 
iduces  only  feeble  augmentations  or  diminutions, 
rlf,  on  the  contrary,  the  magnetic  flxculty  of  the 
■bar  is  feeble,  changes  of  temperature  have  a 

-powerful  influence  3.  Changes  of  temperature 

land  magnetic  intensity  are  not  simultaneous. 
•For  instance,  an  elevation  of  temperature,  once 
'■accomplished,  continues  to  act  for  a  considerable 
:ttime  on  the  intensity  of  the  bar ;  it  diminishes 
adiat  intensity  at  first  rapidly,  but  its  enfeebling 

'■letion  proceeds  slower  and  slower  Tliedevelop- 

Mtient  of  heat  during  the  induction  of  Magnetism 
was  long  ago  noticed  by  Mr.  Joule,  and  has 
rrince  been  confirmed  by  Grove  and  Foucault. 
1  III.  Molecular  Changes  pkoduced  by  the 

f  HAONETic  Condition  Tliere  cannot  now  be  a 

loubt  that  no  bar  of  steel  or  any  substance  be- 
•omes  possessed  of  the  magnetic  faculty,  without 
mdergoing  molecular  cliar.ges.  These  are  fii-st 
4iianifestcd  tlirough  chani/es  of  dimension.  A  mag- 
etizcd  bar  of  iron  appears  to  preserve  the  precise 
iolume  or  bulk  that  it  had  pre\nous  to  its  being 
lagnetized;  but  though  it  does  not  alter  in 
olume,  its  lenglli  increases  while  its  breadth 
finishes.  Wc  owe  the  indication  and  full  ex- 
iorimental  establishment  of  tliis  remarkable  fact 
h  Mr.  Joule.  The  greatest  elongation  observed 
y  this  latter  physicist  amounts  to  Hie  XBoWotl^ 
art  of  the  length  of  the  bar;  lie  states  furtiicr,  that 
18  elongation  is  jiroportional  to  the  square  of  tlie 
eveloped  magnetic  intensity.  He  has  also  in- 
ated  tliat  when  iron  wires,  of  a  certain  tension, 
■e  used,  a  diminution  of  length,  instead  of  an 

5; 


augmentation,  is  observed,  so  tliat  at  a  certain 
tension  no  alteration  of  length  whatever  occurs. 
These  curious  facts  will  one  d  ly  conduce  to  a 
true  theory  of  the  Jlagnetic  force.  Secondly, 
Magnetic  relations  produce  sounds; — thus  dearly 
indicating  their  connection  with  molecular 
changes  capable  of  impressing  inifiulses  on  the 
atmosphere.  For  instance,  if  the  pole  of  a  power- 
ful magnet  be  brought  near  the  end  of  a  spiral 
traversed  by  an  electric  current,  a  sound  is 
heard.  Also,  if  electric  currents  are  transmitted 
across  bars  or  plates  of  magnetized  iron,  there 
ensue  similar  phenomena  at  the  moment  vi-hen 
the  current  is  opened  or  closed.  In  fact,  reguhir 
musical  sounds  can  be  produced  by  this  agency. 
This  interesting  subject  has  been  discussed  by 
Pabroni,  De  la  Rive,  Matteucci,  Wertheim,  Wort- 
mann,  Marnan,  Beatson,  and  others. — As  regards 
Circular  Magnetic  Polaiuzation,  see  that 
article,  as  well  as  the  general  article  following  the 
present  one. — Thirdly,  No  doubt  remaining  as  to 
the  close  connection  between  the  Magnetic  Faculty 
of  bodies  and  their  molecular  constitution,  the 
question  arises,  whether  the  "  coercitive  force" 
may  not  afford  some  clue  to  explanation  by  leading 
towards  ultimate  causes  ?  Assume  as  a  postulate 
that  magnetism  is  the  result  of  electric  currents 
circulating  around  material  particles  or  molecules. 
Although  such  currents  may  exist  around  the 
molecules  of  all  bodies,  it  is  easy  to  conceive 
how  intimate  or  rather  ultimate  physical  ditler- 
ences,  must  determine  the  facility  with  which  the 
molecules  can  be  compelled  to  arrange  them- 
selves, so  that  these  ambient  currents  flo^v  in  one 
direction;  and,  further,  that  in  some  bodies  this 
superinduced  arrangement  will  not  be  permanent, 
unless  in  presence  of  the  primary  and  constraining 
force.  Hence  the  comparative  ease  with  which 
one  mass  may  be  magnetized,  while  to  impress 
the  same  effect  on  another  is  difficult:  hence, 
also,  the  retention  by  the  one  of  the  magnetic 
state,  and  its  rapid  abandonment  by  the  otiier.' — 
But  the  theory  of  the  whole  is  in  its  infanc}-. 

Mngiicti.«im.  The  singular  force  or  virtue 
indicated  by  tlie  term  Magnetism,  appears  to 
have  been  recognized  in  the  very  earliest  epochs 
of  observation ;  but,  until  retentl^',  it  was  rC' 
garded  only  as  a  specific  or  limited  influence, 
exercised  by  a  ver^*  limited  class  of  bodies  upon 
each  other.  At  present,  tlie  entire  aspect  of  the 
subject  has  changed.  .  It  is  already  unquestion- 
able, that  the  force  so  named  is  a  cosmical  force, 
to  the  influence  of  which  no  known  description  of 
matter  is  a  stranger — that  it  operates,  not  in  one 
simple  manner  only,  but  in  fashions  apparently 
tlie  most  diverse— and  that  it  is  united  in  closest 
relationship  with  other  energies,  or  rather,  is 
probably  only  a  modification  of  certain  other 
energies  which  pervade  .space,  and  determine  the 
most  extensive  of  tliose  changes  to  which  the 
external  universe  is  subject.  Owing  to  the  alpha- 
betical arrangement  controlling  the  structure  of 
this  volume,  nia.iy  iiniiortant  portions  of  the 
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general  thome  are  discussed  under  special  head- 
ings.   The  ordinary  plienomena  of  the  relations 
of  Magnets  and  of  Magnetization  are  un- 
folded in  the  article  immediately  preceding,  while 
those  belonging  to  Terrestrial  Magnetism 
occupy  the  article  which  follows  this  one.  The 
relations  between  the  Mtif/netic  Force  and  the 
agency  of  Electric  Currents,  are  discussed  in 
Electro-dynamics.    It  has  been  clearly  estab- 
lished in  that  article,  and  the  proposition  may 
be  sustained  alike  b}'  mathematical  and  experi- 
mental proofs,  that  the  action  o/'  the  magnet  is 
identical  with  the  action  exercised  by  direct  elec- 
tric currents  on  bodies  exterior  to  the  circuit  tra- 
versed by  these  currents :  the  two  species  of  action, 
indeed,  may  in  all  cases  be  substituted,  the  one  for 
the  other,  as  they  pruduce  the  same  effects  under 
the  same  circumstances.    For  an  account  of  the 
relations  of  Magnetism  with  Heat,  the  student 
must  turn  to  TuEKMo-MAGNhTisM  r  and  the 
practical  applications  of  great  theoretical  doc- 
trines connected  with  this  subject,  are  explained 
under  Telkgraph,  Variation  of  Compass. 
&c.,  &c. — Excluding,  then,  the  topics  just  men- 
tioned, and  supposing  some  of  them  familiar 
to  the  reader,  it  is  our  desire  to  supply  now, 
an  account  of  the  grand  and  essential  pheno- 
mena and  of  the  laws  of  the  Force  of  Magnetism 
itself. 

I.  The  General  Phenomena  ofOrdinaky 
Magnetism. — These  phenomena,  as  manifested 
by  the  evolution  of  a  polar  force  in  a  bodj'  sus- 
ceptible of  magnetization  have  been  already  ex- 
plained, and  may  fairlj'  be  held  to  be  familiar. 
As  we  have  seen,  a  magnetized  bar  or  needle  is 
a  needle  or  bar  so  modified  or  excited  that  at  its 
opposite  ends  or  poles  two  opposite  and  equal 
forces  are  manifested.  The  general  methods  of 
excitation  have  been  explained  in  the  preced- 
ing article ;  it  therefore  remains  that  we  study 
the  leading  habitudes  of  an  excited  mass. 

(1.)  The  Distribution  of  the  Magnetic  Force 
within  Magnetic  Bars. — This  distribution  may 
lie  considered  in  reference  to  the  length  of  tlie 
bars,  or  as  to  their  interior  or  mass. — 1.  If  a 
magnetic  bar,  eight,  ten,  or  twelve  inches  in 
length,  be  subjected  to  experiment,  it  is  found 
that  the  weights  it  will  support  increase  as  we 
pass  from  either  extremity  towards  points  at  a 
short  distance  inward,  and  that  as  we  pass  from 
the  points  of  maximum  intensity  farther  inward, 
the  sustaining  power  diminishes  very  rapidly, 
and  soon  becomes  inappreciable  or  null.  It  is 
manifestly  of  great  importance,  in  a  theoretical 
point  of  view,  that  this  law  of  increase  and  de- 
crease be  discovered,  and  tliat  the  actual  position 
of  these  points  of  maximum  intensity — the  true 
poles  of  the  magnet — be  determined.  The  in- 
quiry early  attracted  the  attention  of  Coulomb, 
who  brought  to  the  pursuit  of  it,  at  once  his  own 
fine  sagacity  and  tlie  experimental  resources 
offered  htm  by  that  exquisite  torsion  balance, 
to  wliich  we  have  so  often  referred.    His  method 
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of  experimenting  consisted  in  determining  the 
amount  of  torsion  required  to  counteract  the 
attractive  force  of  every  position  (in  reference  to 
a  needle)  of  the  magnet,  within  its  actual  length, 
and  somewhat  beyond  either  extremity.  But 
the  preferable  method  of  oscillations  has,  since 
then,  been  extensively  employed.  A  needle,  un- 
affected by  the  presence  of  au  artificial  magnet, 
unfolds  by  its  oscillations  the  intensity  of  the 
magnetism  of  the  earth  :  in  presence  of  an  arti- 
ficial magnet  the  rapidity  and  number  of  its 
oscillations  are  due  to  two  causes — viz.,  the  in- 
tensity of  terrestrial  magnetism,  and  the  proper 
force  ot  the  magnet.  If  the  former  has  been 
previously  determined  and  withdraw,  the  resi- 
due is  evidently  the  measure  of  the  artificial  mag- 
netic force ;  and  this  measure  is  the  most  delicate 
of  all.  Coulomb's  graphic  representation  of  the 
magnetic  intensity  of  bars  has  been  reduced 
within  an  empirical  general  formula  by  Biot. 
His  formula  is  this — 

y  =  A  if.'— f.^^-'), 

in  which  a  and  are  two  constants,  x  the  dis- 
tance from  the  southern  extremity  of  the  needle 
or  bar  to  the  point  whose  magnetic  intensity  is 
y,  and  2  I  the  length  of  the  needle  or  bar.  When 
the  bar  employed  is  of  considerable  length,  the 
value  of  fi  is  nearly  ^,  and  in  that  case  a  for- 
mula of  a  most  simple  form  may  be  taken  as 
vutually  true, — viz., 

y  =r  A  /i* . 

The  distance  (a;  '  )  of  the  centre  of  gi-a\nty  of  the 
curve  of  intensities  from  the  nearest  extremity 
of  the  bar,  is  given  by  the  following  equation — 

(1  —  ^*20 
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designating  hyperbolic  logarithms.  "When 
the  length  of  the  bar  is  sufficiently  great  that 
fit  and  ft^  may  be  considered  insensible,  the  for- 
mula becomes, 

I 
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The  thinner  the  needle  is,  tlie  more  do  the 
centres  of  force  approach  to  its  extremities. 
A^'hen  lis  very  small  the  calculation  for  .r'  be- 
comes exceedingly  simple :  it  turns  out,  indeed, 
on  developing  the  complex  function  given  above, 
that  in  the  case  specified  we  virtually  have — 

I 

X  =  — 
3 

Tlie  position  of  the  centre  of  force  depends— in 
such  circumstances — only  on  the  length :  its  dis- 
tance from  each  extremity  being  one-.sixth  of 
the  whole  length  of  the  baV,  2  I.  The  aitre  of 
intensities  might  tlien  be  considered  as  a  straight 
line ;  its  area  on  each  side  of  tht-  bar  as  a  tri- 
angle ;  and  we  know  that  the  centre  of  gravity 
of  a  triangle  is  placed  at  one-third  of  its  height 
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from  the  base. — These  are  at  present  our  best 
ciii/>irical  results,  from  the  experiments  made  on 
this  verj'  curious  and  important  subject.  But 
the  whole  subject  cannot  be  theoretically  co-ordi- 
nated unless  on  the  ground  of  some  such  mathe- 
matical or  rather  dynamical  theory  as  that  of 
which  Professor  Wiliiam  Thomson  "has  already 
sketched  the  bold  outline.    From  this  physicist, 
whose  wonderful  fertility  does  not  surpass  his 
sagacity  and  power,  science  expects,  and  will 
iis-suredly  obtain,  the  co-ordination  and  regenera- 
tion of  this  as  of  many  other  departments  of  in- 
quiry-.—There  are  various  specialties  on  this  sub- 
ject— for  instance,  the  phenomena  of  consequent 
pnivts,  with  regard  to  which  we  must  refer  the 
student  to  such  treatises  as  those  of  De  la  Rive 
and  Becquerel — II.  As  to  the  distribution  of 
the  maj^iietic  force  through  the  interior  of  mag- 
netic masses,  no  absolutely  satisfactory  light  has 
been  yet  offered  by  experiment.    The  distribu- 
iion  of  the  magnetic  force  through  such  in- 
teriors was  attempted  to  be  expiscated  by  the 
.irtifice  of  tying  a  great  number  of  separate 
thm  bars  together, —having  insured  then- close 
:  contact ;  and  by  examining  their  total  magnetic 
It.  force,  as  well  as  the  magnetic  force  of  each 
111  previous  to  and  after  their  union.    But  it  does 
In  not  appear  that  Coulomb's  investigations  suf- 
lijficed  to  inform  him  of  the  exact  law  of  internal 
ptmagnetic  distribution,— several  of  the  magnets, 
j.  of  which  his  pile  was  composed,  turning  out, 
:  to  have  had  their  poles  reversed.    The  whole 
|.<i8ubject  has  been  recently  taken  up  by  Nobili 
hand  elaborately  pursued  by  the  same  method  of 
Ib-bundles  of  magnets,  to  which  he  superadded  ex- 
l^penments  on  hollow  cylinders.    He  soon  con- 
f  c  uded  that  the  magnetic  force  of  a  bundle  or 
h-sUeaf  of  bars  increases  in  a  much  less  ratio  than 
|:ithat  of  the  number  of  bars.    His  general  result 
tins:  —  "  the  interior  of  a  bar  may  be  con- 
ceived to  consist  of  concentric  layers,  whose  mag- 
vfletisni  decreases  from  without  "towards  the  in- 
I  tenor."    We  regret  that  we  can  only  refer  as 
FUbove  to    Professor  Thomson's  Mathematical 
i  lkeonj  of  Magnetism.  -  De  Haldat  has  shown 
-oat  in  the  case  of  broad  and  exact  magnetized 
'iate.s  there  are  avast  number  of  poles  distributed 
prough  the  bar  or  sheet,  and  acting  in  all  direc- 
'ons.— It  may  just  be  mentioned  here  in  refer 
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htinns  of  Magnetized  Bodies.— The  important  in- 
quiries indicated  by  the  above  heading,  would 
require  a  volume  for  their  adequate  discussion  : 
the  most  general  of  the  conclusions  that  have 

been  reached,  can  alone  be  indicated  here  I. 

The  law  of  the  longitudinal  distribution  of  the 
magnetic  forces  through  bars,  and  its  approxi- 
mate concentration  in  two  poles,  enabling  us  to 
conceiveof  a  uniformly  magnetized  needle,  as  a  bar 
in  which  equal  quantities  of  northern  and  south- 
ern magnetic  matter  are  placed  at  these  poles,  it 

becomes  comparatively  easy  to  detect  by  experi- 
ment the  mutual  affections  of  these  opposite  kinds 
of  magnetic  matter.    Coulomb  accordingly,  by 
aid  of  his  torsion  balance,  soon  reached  funda- 
mental propositions  as  to  this  subject.    They  are 
these:— (1.)  Like  portions  of  magnetic  matter 
repel,  and  unlike  portions  attract  mutually.  (2.) 
Any  two  small  portions  of  magnetic  matter  exert 
a  mutual  force  which  varies  inversely  as  tiie 
square  of  their  distance.    (3.)  Or  generally,  if 
quantities  of  magnetic  matter  be  measured  in 
units,  and  if  the  positive  and  negative  sign  be 
prefixed  to  denote  the  species  of  matter,  whether 
northern  (  +  ),  or  southern  (— ),  then,  if  quanti- 
ties m  and  nV  of  magnetic  matter  he  concen- 
trated at  points  at  a  distance  d  from  one  another, 
they  will  repel  with  a  force  which  may  be  ex- 
pressed by  the  algebraic  equation — 
m  m' 


This  law  has  been  uuiversally  accepted,  and  mav 
be  termed  the  rudiment  or  fo"uiidation  of  the  dy- 
namics of  magnetism.    But  chiefly  through  the 
researches  of  Professors  Faraday"  and  William 
Thomson,  a  totally  new  set  of"  questions  has 
recently  arisen.    Considering  one  magnetic  pole 
as  inseparably  and  essentially  connected  with  an 
opposite  pole,  and  considering  further  that  in  no 
actual  case  is  the   magnetic   matter  diffused 
from  mere  points,  we  must  conceive  of  its  diffu- 
sion through  any  space  within  which  it  really 
acts,  as  a  much  more  complex  affair  than  can  li'e 
represented  by  Coulomb's  simple  and  fundamen- 
tal law.    The  true  or  actual  problem  is  tliis  :  — 
Given  a  space  within  which  a  given  magnetized 
body  of  any  kind  is  placed,— in  what  manner, 

■nee  to  tho      "   "c'c  ill  reitir- I  according  to  what  laws,  or  along  what  curves,  will 

hSe^  and  'pflT  °  ^^l'      "^'"^'"''''^  1  ^''^^^^dy  difftise  its  influence  through  that  space  ? 

ioUowin  "Ir;^:'''''        ^''"'"■^^  P'-^Po^^^^  tl^e  I  ^^^^  entire  space  through  which  it  diffuses  its  in- 

fluence  has  been  happily  named  by  Faraday  its 


pilowing  formula, 

l  l^Th^  oscillation  of  a  bar  whose 

f  2  '1^°'^  thickness  is  e,  and  I  half  its 

-ngtu,  m  and  n  being  constants  depending  on 


UpH     ft    1     ,    "  'iiuLciiai  magnet- 

'larip  ""^  c''"«luded  that  the  best 

bLd  !r  "  '"f?"'"'       ^  tlii«-it  should 
w'-/*""'        ^"^"""^  like  an  arrow. 
vL       ?  ''^'^cm  any  given  par- 

id  Magnetic  Mutter  ;  and  the  Externa  Re- 


Magnetic  field ;  or,  according  to  the  precise  deli- 
nitioii  ot  Professor  Thomson,  "  Any  space  at  any 
point  of  which  there  is  a  liiiite  magnetic  force 
is  called  a  field  of  magnetic  foice,  or  simply 
(mugmtic  being  understood)  a  feld  of  force." 


le  nature  of  the  steerornthprZfr'r    ^  ou  ,  (m,K/Mc«»c  being  understood)  vl  feld  of  for 
=ecl.    Coulomb  fS  ^on'   rl  !!  T^:.  '  ,   ''f'.^'-"'      ^"^  -^"-,of  .J;e  force'at  all 

points  in  any  magnetic  field  ?    Not  only  what 
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is  its  iidensily  (wiiicli,  with  certain  rcserv'ations 
we  might  deduce  from  the  general  law  of  Cou- 
lomb), but  what  is  its  direvlitm  ?  The  system 
of  lines  or  curves  suiTouiidiug  a  m  ignotic"  pole 
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indicatins  that  direction,  is  called  the  system  oF 
'•  l-ir.es  of  Magnetic  Force."    A  line  of  force  is 
thus  a  line  drawn  through  a  magnetic  field  in 
tiie  direction  of  the  force  at  each  point  through 
\viiich  it  passes,  or  a  line  touched  at  each  point 
vf  itself  by  the  direction  of  the  magnetic  force  ; 
— in  the  same  way  an  "  uniform  Held  of  mag- 
netic force"  is  a  space  through  which  the  lines 
of  force  are  parallel  straight  lines,  and  the  inten- 
sity of  the  force  is  uniform.— Can  we,  then,  form 
;i  distinct  conception  of  the  magnetic  field  and 
the  curves  or  lines  of  force  that  till  it  in  any  in- 
'iividual  instance?  On  the  possibility,  or  ratlier 
I  lie  realization  of  such  a  conception,  the  promise 
of  any  effort  to  comprehend  the  behaviour  of 
any  body  within  the  magnetic  field  evidently 
(lejiends.    These  lines  of  force  have  long  been 
referred  to  and  recognized  under  the  name  Mag- 
netic Curves.  Their  general  distribution  is  ;  oughTy 
mdiciited  by  the  arrangement  of  iron  filings,  or 
any  light  substance  affected  bvthe  magnetic  force 
around  any  system  of  magnetic  poles.    For  in- 
stance, the  diagrams  on  the  precedingpage—which 
peak  to  the  eye— explain  fully  what  these  lines 
are.    These,  of  course,  are  but  a  few  of  the  posi- 
rions  m  which  centres  of  magnetic  force  may  exist 
in  relation  to  each  other;  but  they  suffice  to 
manifest  the  nature  of  what  is  termed  a  mag- 
netic field,  and  the  variety  of  the  lines  of  force 
that,  even  m  the  simplest  case,  exist  within  it. 
Irrespective  wholly  ot  physical  speculations  as 
to  the  nature  and  correlations  of  the  magnetic 
energy  it  is  clear  that  the  exact  determination 
and  calculation  alike  as  to  the  curvature  or  di- 
rection of  such  lines,  and  of  the  intensity  pre- 
^  ailing  m  every  portion  of  the  field,  constitutes 
in  connection  with  experimental  truths,  ample 
tjasis  for  a  malhemalical  theory  of  magnetic 
phenomena.    It  is  not  unknown  that  the  im- 
mortal Ne^vton,  scarcely  satisfied  with  his  grasp 
ot  that  only  law  which  we  know  to  be  universal 
—viz.,  that  law  of  the  propagation  of  the  Force 
Known  as  Gravitation  —  indulged  in  curious 
speculations  as  to  its  physical  origin  and  depen- 
'loncies,  which  have  never  led,  and  were  inca- 
pawe  of  leading,  to  any  distinct  conclusions, 
't  's  not  often,  indeed,  that  a  pure  dynamical 
•Ijject  IS  in  hazard  of  falling  back  amidst  phy- 
■  al  hypotheses;  the  difficulty  is,  for  Inquiry  to 
-^■^pe  from  these.    It  may  be  permitted  us  to 
hro  l^n^  d«.^^>-ee  of  rare  pleasure,  that,  chiefly 
rough  the  discoveries,  the  sagacity  and  phil.^ 
:"phic  views  of  Faraday  and  Thomson,  Magnet- 
on has  now  risen  ab.ive  such  rudiments,  has 
non^e  cleared  of  hypotheses  concerning  "  Fluids" 
/     i".tner.s,    and  asiserted  if« 


Ethens,  and  as^rled  its  position  as  a 
■  nee  otpure  Force.~\Vo  shall  refer  again 
•    UH  .subject.-II.  But  the  conditions  of  mag- 

■E  ?vl1  ^  ""Peratively  asserts  its 
Jiutual  actions  of  m„j„elic  mailer,  or  what  is 
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the  same  thing,  of  pennaiiontlv  magnetized 
masses.    But  there  are  relations  between  a  per- 
manently magnetisied  mass  and  others  which 
cannot  assume  a  permanent  magnetism.  What 
are  the  laws,  for  instance,  in  obedience  to  which  a 
permanent  magnet  affects  a  sphere  of  soft  iron  ? 
This  is  not  the  mere  question  as  to  the  rate  of  tlie 
diminution  of  the  magnetic  force  according  to  dis- 
tance from  its  pole;  for  the  presence  of  the  magnet 
seriously  affects  the  mass  of  soft  iron,  and  causes 
it  to  assume  reciprocalactions  and  relations  which 
are  largely  causative  of  the  total  result.  l!n- 
fortunateh',  unless  in  comparatively  a  limited 
range  of  cases,  it  is  not  at  all  known  what  the 
specific  change  is  which  is  thus  impressed;  and 
It  seems  not  improbable  that  our  comparative 
ignorance  as  to   this   essential  element  is  a 
main  source  of  discrejiant  opinions  regai-ding 
certain  spheres  of  magnetic  action.    "  We  know 
not,"  says  Faraday,  "  whether  such  bodies  as 
oxygen,  copper,  water,  bismuth,  &c.,  owe  their 
respective  paramagnetic  and  diamagnetic  rela- 
tion to  a  greater  or  less  facility  of  conduction  in 
regai-d  to  the  lines  of  magnetic  force,  or  to  some- 
thing like  a  polarity  of  their  particles  or  masses, 
or  to  some  yet  unsuspected  state."    I'hese  words 
of  our  illustrious  piiysicist  perhaps  underrate  the 
amount  of  our  actual  knowledge ;  but  no  one  can 
withhold  assent  from  his  subsequent  asseitioii, 
that  many  "  circumstances  show  tliat  we  iiave 
yet  a  great  deal  to  learn  about  the  physical 
nature  of  the  magnetic  force,  and  that  we'must 
not  shut  our  eyes  to  the  first  feeble  glimp.ses  be- 
cause they  are  inconsistent  with  our  presumed 
laws  of  action,  but  rather  seize  them  as  hopino- 
that  they  will  give  us  the  key  to  the  truth  of 
nature."   "  Bodies,"  Faraday  adds,  "  when  sub- 
ject to  the  power  of  the  magnet,  ajiiiear  to 
acquire  a  new  physical  state,  which  varies  with 
the  distance  or  the  power  of  the  magnet.  Each 
body  may  have  its  own  rate  of  increase  and  de- 
crease, and  that  may  be  such  as  to  connect  ex- 
treme effects  on  the  one  hand  with  extreme  effects 
on  the  other;  and  when  we  understand  all  this 
rightly,  we  may  see  apparent  contradictions  be- 
come harmony."     We  shall  refer  again,  and 
more  in  detail,  to  this  intricate  subject,  but  in 
the  meantime  a  few  ascertained  facts  may  be 
recorded.     The  following  general    results"  de- 
duced by  Professor  Tyndall— one  of  our  ablest 
inquirers—are  worthy  of  all  reliance.    1.  The 
mutual  attraction  of  a  magnet  and  a  sphere 
of  soft  iron,  when  both  are  in  contact,  is  di- 
rectly proportional  to  the  strength  of  the  mag- 
net   2.  The  mutual  attraction  of  a  magnet  and 
a  sphere  of  soft  iron,  when  both  are  .'ioparated 
by  a  small  fixed  distance,  is  directly  proportional 
to  the  square  of  the  strength  of  the  magnet.  3. 
The  mutual  attracition  of  a  magnet  of  constant 
strength  and  a  sphere  of  soft  iron  is  inversely 
proportional  to  the  distance  between  the  ma  'iiJt 
and  the  sphere.    4.  \VI,cn  the  distance  between 
tlie  magnet  and  the  sphere  varies,  and  a  constant 
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force  opposed  to  the  pvll  of  the  magnet  is  ap- 
plied to  the  latter,— to  hold  this  force  in  equili- 
brium the  strength  of  the  magnet  must  vary  as 
the  square  root  of  the  distance. 

II.  Phenomena  indicating  the  Action 
or  Maonetisji  on  all  Bodies. — It  could 
never  have  been  accounted  as  other  than  most 
singular  that  a  force  of  the  nature  and  energy 
of  the  Magnetic,  should  be  limited  in  its  mani- 
fetitations  within  the  narrow  sphere  of  the  re- 
lations of  a  very  few  bodies  —  iron,  steel, 
nickel,  and  cobalt.  Slight  indications  of  the 
cosmical  or  universal  nature  of  this  truth  had 
been  remarked  by  Coulomb,  Brugmann,  Le- 
baillif,  and  Becquerel;  but  science  unques- 
tionably owes  to  our  own  Faradaj'  the  discovery 
that  the  isolated  facts  which  had  attracted  the 
notice  of  earlier  Inquirers  are  indications  of 
general  laws,  and  therefore  all  capable  of  being- 
brought  under  one  principle.  The  phenomena 
that  arrested  Faraday  have  been  already  noticed 
under  Diamagnetism,  and  are  in  their  simplest 
form  as  follow^s : — Suppose  that  a  prism  of  heavy 
glass  is  suspended  horizontally  by  means  of  a 
waxed  silk  thread  above  and  very  near  the  two 
poles  of  a  powerful  electro-magnet,  this  prism  on 
the  moment  of  the  completion  of  the  galvanic 
circuit  begins  to  oscillate,  and  finally  places  itself 
at  rest  in  a  line  perpendicular  to  the  line  joining 
the  two  poles,  or  right  aihwart  the  position 
that  would,  under  the  same  circumstances,  be  as- 
sumed by  a  bar  or  needle  of  any  metal  formerly 
accounted  magnetizable.  The  latter  takes  on 
what  Faraday  terms  an  axiul  position — the  prism 
of  glass  an  equatorial  one.  But  this  property-  is  not 
confined  to  glass :  it  is,  on  the  contrary,  possessed 
in  different  degrees  by  all  substances — organic 
»nd  inorganic,  which  w-ere  not  held  magnetic, 
or  that  contain  no  portion  oj'  magnetic  elements. 
Likewise,  if  the  prism  of  glass  is  suspended  so  that 
its  centre  is  nearer  one  pole  of  the  magnet  than 
to  the  other  pole,  it  still  assumes  the  equato- 
rial position,  but  at  the  same  lime  it  is  repelled— 
en  masse — parallelly  to  Itself,  by  the  pole  nearest 
to  it.  In  performing  original  experiments  on  this 
subject,  or  in  repeating  Faraday's,  every  care 
must  be  taken  that  the  substances  experimented 
on,  bepu7'e — at  least  that  they  do  not  contain,  or 
have  attached  to  them,  any  ordinary  magnetic 
element : — for  instance,  it  is  sufficient  to  have  cut 
a  piece  of  wood  with  a  knife  to  induce  it  to  place 
itself  axially,  although  wood,  free  of  previous 
affection  from  iron,  has  a  strong  directive  power 
equatorially.  Exactly  the  same  kind  of  aflections 
are  found  lo  belong  to  liquids  and  gases.  These 
remarkable  results  induced  Faraday  to  question 
whether-  we  had  previously  exhausted  the  list  of 
bjdies  capable  of  manifesting  the  ordinary  mag- 
netic action,  in  opposilion  to  which  he  named  tiiis 
new  mode  of  action — diamagnetic,  or  cross  mag- 
netic. He  extended  the  old  list  considerably; 
and  according  to  his,  and  subsequent  researches, 
a  list  may  now  be  made  out,  apptjaring  to  show 
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that  the  magnetic  or  paramagnetic  sensibilitv 
passes  gradually,  from  a  considerable  force,  appa- 
renth'  to  zero :  after  which  zero,  it  shows  itself 
slightly  negative  or  diamagnetic,  and  then  rises 
to  a  considerable  amount  of  diamagnetic  energv. 
The  following  is  Faraday's  first  arrangement  of 
substances : — 


Iron. 

Nicltel. 

Cobalt. 

ManKanese. 

Chromium. 

Ceiium. 

Titanium. 

Paladium. 

Crown  glass. 

Platinum. 

Osmium 

Airand  Vacuum  0*or 
zero. 


Airand  Vacunm. 

Arsenic. 

Etlier. 


Alcohol. 

Gold. 

Copper. 

Silver. 

Lead. 

Water. 

Mercury. 

Sodium. 

Flint  (rlass. 

Cadminm. 

Tin. 

Zinc. 

Heavy  gloss 
Antimony. 
I'liosbliorus. 
Bisiuulli. 


Becquerel  and  Pliicker  have  both  engaged  it 
this  species  of  research,  and  have  sought  to  de- 
termine actual  numbers,  representing  the  specific 
magnet. sms — paramagnetic  or  diamagnetic — ot 
a  large  number  of  bodies.    In  so  far  as  the 
term  specific  involves  a  theorj',  we  disclaim 
such  use  of  it;  but  the  positive  researches  of 
Becquerel  are  indejiendent  of  all  theory.  The 
following  table  of  Plucker,  which,  with  the 
preliminary  observations,  we  copy  from  the  clas- 
sical work  of  De  la  Rive,  represents  at  present 
the  condition  of  this  inquiry : — "  Laying  down 
as  a  principle  that  the  proper  magnetism  or  dia- 
magnetism of  each  sul«tance  is  proportional 
to  its  mass, — a  principle  that  M.  Plucker  en- 
deavoured to  verify  directly  by  mixing,  m  greatit 
or  less  quantity',  fine  iron  filings  with  wax,  so  as 
that  the  total  volume  was  always  the  same, — tbi- 
magnetism  or  diamagnetism  of  the  bodies  w.a> 
obtained  by  dividing  by  their  weights,  the  force 
also  expressed  in  weight,  with  which  an  equal 
volume  of  each  of  them  is  attracted  or  repelled. 
We  thus  obtain  the  element  sought^  for  equal 
weights.    Solid  substances  in  these  experimentr 
are  reduced  into  as  impalpable  a  powder  as  po? 
sible. — It  was  found  by  this  method  that,  es 
jiressing  the  intensity  of  the  magnetism  of  iroi 
by  100,000,  this  intensity  for  loadstone  is  40,227 
for  micaceous  iron  ore  533,  and  for  the  browi 
peroxide  71.    Of  all  the  solid  or  liquid  com- 
pounds into  which  iron  enters,  this  latter  is  th» 
one  that  has  given  the  most  fertile  result.  TIk 
following,  however,  is  the  detailed  table  of  thi 
results,  upon  which  we  shall  confine  ourselves  t' 
remarking,  that  the  combination  of  acids  with 
o.vides,  in  order  to  form  salts,  does  not  enfei'M' 
the  original  magnetism  of  the  latter, — that  the 
water  of  hydration  sometimes  adds  force  to  tin 
magneti,sm,  as  is  the  case  with  the  hydrate  d 
protoxide  of  nickel,  which  is  three  times  nion 
magnetic  than  the  protoxide  itself, — that  finally, 
all  the  compounds  of  manganese,  which  were  sub- 
milled  lo  experiment,  were  found  to  be  magnetic 
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I.  Iron   inO.OOO 

Loadstone   40,227 

).  Oxide  of  iron,  No.  1   500 

1.   do.       do.   No.  2   28(i 

Red  ochre   13 1- 

Micaceous  iron  ore   533 

r.  Hydrated  peroxide  of  iron   156 

i.  Brown  peroxide  of  iron   71 

I.  Artificial  lijematite   151 

).  Dry  sulphate  of  oxide  of  iron   11] 

.  Green  vitriol   78 

I.  Saturated  solution  of  nitrate  of  oxide  of  iron  34 

L      do.        do.        hydrochlorate   98 

do.         do.        siJphate  of  iron   58 

do.      hydrochlorate  of  potass   84 

'.  Green  vitriol  in  solution    1 26 

.  Sulphate  of  protoxide  dissolved  in  vitriol   142 

.  Nitrate  of  o.xide  in  solution   95 

.  Hydrochlorate  of  oxide  of  iron   f  24 

.  Sulphate  of  oxide  of  iron   133 

.  Hydrochlorate  of  protoxide  of  iron    1 90 

.  Sulphate  of  protoxide  of  iron   219 

.  Dentochloride  of  iron  in  solution   254 

.  Protochloride   216 

.  Iron  pyrites   lad 

.  Protoxide  of  iron  in  hydrochloric  solution . .  381 

do.        do.    sulphuric  solution   462 

.  Peroxide  of  iron  in  the  hydrate   168 

.  Peroxide  of  iron  in  hiEuiatite   168 

do.         do.   nitric  solution   287 

do.         do.   hydrochloric  solution . .-.  516 

do.        do.  sulphuric  solution   332 

I  Iron  in  the  loadstor.e   55,.3o2 

do.   do.   oxide,  No.  1   7 1 J 

do.   do.      do.   No.  2   409 

do.  do.  red  ochre   19 1 

do.   do.   micaceous  iron  ore    761 

do.   do.   hydrated  oxide   '>% 

do.  do.  hffimatite   240 

do.   do,   pyrites   321 

do.  do.  sulphate  of  oxide   S49 

do.  do    green  vitriol   33.5 

da  do.  solution  of  nitrate  of  oxide   410 

do.  do.        do.     hydrochlorate   737 

■  do.   do.        do.     sulphate   474 

'  do.   do.  hydrochlorate  of  protoxide   29i) 

'  do.  do.  sulphate  of  protoxide   594 

P  Protoxide  of  nickel   35 

II  Hydrate  of  protoxide  of  nickel   106 

SNitrate  of  protoxide  of  nickel  in  solution.. . .  ti5 

!ii  Sulphate   jqq 

C  Chloride  of  nickel  in  the  preceding  solution  111 

r  Protoxide  of  nickel  in  hydrate   142 

do.        do.      nitric  solution    I64 

do.         do.      hydrochloric    171 

N  Nickel  in  o.xidule    45 

do.      hydrate  of  protoxide   180 

do.     nitric  solution  \  .^og 

do.     hydrochloric  solution   217 

iydrate  of  manganic  oxide   

langanous  oxide   

anganic  oxide  in  hydrate  .  .  .  " 

■nganous  in  hydrate  of  oxide   .  ' '.' 

<lo.         do.         oxidule  ] 

.Tieorias  regarding  t)ie  relations  between  the 
"magnetic  and  diamagnetic  forces  we  slinll 
.'fly  di8cu.ss below.  But  two  facts  much  founded 
vjy  the  upholders  of  the  various  views  taken  of 
le  relations,  must  be  mentioned  here.    In  tlie 
place,  the  phenomenon  noticed  bv  Poggendorf 
•  Keith.  The  former  philosopher  found  that  if 
lextremityof  an  e.xtremely  feeblv  magnetized 
lie  be  brougiit  near  a  bar  of  bi.siuth  or  other 
ng  diamagnetic  in  its  equatorial  position,  tiiis 
eniity  attracts  the  bar  on  the  .same  side  that 
_  uld  have  repelled  it  had  it  been  of  iron  :— 
the  electro-magnet  had  determined  in  dia- 
netic  substances  poles  of  the  same  name  as 
->  wluch.  act  upon  them.  Reich,  again,  noticed 
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that  when  the  opposite  poles  of  two  magnets  act 
simultaneously  upon  the  same  face  of  a  bar  of 
bismuth  the  repulsion  engendered  is  equal  to  the 
difference,  not  to  tiie  sum  of  the  forces  of  each 
pole  acting  alone.  Secondly,  the  remarkable  class 
of  facts  discovered  by  Weber.  On  placing  a  bar 
of  diamagnetic  metal,  instead  of  one  of  soft  iron, 
within  a  bobbin  or  coil,  Weber  thought  he  had 
found  proof  that  this  metal,  under  the  influence 
of  a  strong  electro-magnet,  acquires  poles  of  a 
contrarj'  nature  to  those  acquired  by  soft  iron 
under  the  same  circumstances.  Weber  hence  con- 
cluded that  the  diamagnetic  had  really  acquired 
a  polarity,  directly  the  opposite  to  that  manifested 
by  the  soft  iron.  But  after  long  and  careful 
study,  Faraday  came  to  the  conclusion,  that  the 
effects  in  question  are  not  due  to  diamagnetism, 
but  to  the  greater  or  less  degree  of  conductibility 
of  the  metals  when,  within  the  bobbin,  inductive 
currents  are  established. — It  would  be  very  wrong 
to  conclude  this  notice  of  phenomena,  without 
especially  referring  the  student  to  the  pains- 
taking, manifold,  and  most  satisfactory  researches 
of  Professor  Tyndall.  'I  hey  ai'e  recorded  in  the 
Transactions  of  the  Royal  Society,  aud  in  the 
Philosophical  Mayadiie. 

III.  Magnetic  Affections  of  Crystals,  oh 
THE  Magneto-Crystalline  Force. — Thcfore- 
going  exposition  of  facts  indicates  two  important 
truths:— that  the  magnetic  energy  influences 
aU  bodies  and  modifications  of  matter;  and 
secondly,  ihsii  its  action  or  efficiency  varies  with  the 
constitution  of  the  body.  It  remained  to  be  seen 
whether  those  bodies  whose  internal  constitution 
varies  along  certain  axes,  manifest  different  re- 
lations to  the  magnetic  force,  according  to  the 
position  of  these  axes  in  reference  to  the  mag- 
netic poles  or  origins  of  that  force.  We  speak  of 
course,  of  crystals.  The  problem  as  now  stated 
appears  to  have  first  occurred  to  Plucker,  and 
his  investigations  have  been  followed  up  by 
many  able  men — especially  Faraday,  Tyndall, 
and  Knoblauch.  The  optic  axes  of  crystals,  de- 
pending on  the  internal  arrangement  of  the  par- 
ticles, Pliicker  first  inquired  whether  the  position 
of  these  axes  in  the  crystalline  substance  sub- 
jected to  the  magnetic  force,  had  any  influence 
on  the  position  a.ssuined  by  the  crj'stal,  whetlier 
paramagnetic  or  diamagnetic  in  itself.  And  lie 
arrived  at  the  following  remarkable  conclu- 
sion : — eliminating  the  mere  paramagnetic  or 
diamagnetic  efl'ects  due  to  the  s-iibstance  of  the 
cr3'stal,  the  optical  axis  of  uniaxial  crystals 
has  a  tendency  to  assume  an  equatorial  position, 
or  a  position  athwart  the  lines  joining  the  two 
poles.  He  considered  it  easv  to  eliminate  the 
ordinary  paramagnetic  or  diamagnetic  agency 
from  such  experiments,  because  tlie  force  pro- 
(hicing  tlie  repulsion  of  the  optical  axis  .sci  nied  to 
dimiiii.sh  in  a  jyroporlion  less  rapid  in  reference  to 
distance  than  tlie  force  acting  on  the  mass  of  the 
substance.  It  appeared  simply  necessary  tiiere- 
fore — to  test  this  special  force— that  the  poles  or 


637 


MACr 

sources  of  magnetic  eiierj,'y  be  withdrawn  to  a 
(jreatcr  dislanc..  In  the  case  of  crystals  witli 
hoo  magnetic  axes,  the  two  axes  were  equally 
affected  by  both  magnetic  poles,  so  that  their 
mean  hne  took  on  the  equatorial  position.  In  so 
far  as  Plucker's  original  resoarclies  wont,  their 
results  or  laws  appeared  simple  enough ;  but  fresh 
investigations  by  Faraday,  confirmed  subse- 
quently by  M.  Pliickcr,  manifest  a  characteristic 
difference  between  different  crj-stalline  substances. 
In  the  coui-se  of  these  researches,  Faraday  found 
it  right  to  institute  two  definitions,  viz.,  the 
Alufjneto-CrystaUine  Force  is  the  peculiar  modi- 
fication of  tlie  magnetic  force  manifested  during 
its  action  on  crystals  ;  the  mayiie-cri/.ttalline  line 
is  on  the  contrary  the  line  according  to  which 
the  directive  force  is  exercised.  The  earliest 
results  of  Faraday's  inquiries  appeared  wholly  to 
contradict  those  of  riiickcr,  inasmuch  as  the 
optical  axis  was  found  in  very  many  cases  to 
take  on  an  axial  and  not  an  eqvxUorial  direction, 
and  to  follow  tiie  magnetic  power  as  if  it  were  a 
parumagmt.  But  the  resolution  of  the  difficulty 
was  speedily  effected  by  the  discovery  of  a  higher 
law  ; — viz.,  in  the  c;ise  of  a  positive  crystal  there 
exists  between  the  optic  axis  and  the  poles  of 
the  magnet,  an  attractive, or  in  so  far,  a.nordiiuiry 
magnetic  affection;  in  crystals,  where  the  optic 
axis  is  negative —  those  on  which  Pliicker  at  first 
experimented — his  law  holds,  viz, : — There  is 
repulsion,  and  the  optical  axis  places  itself  equa- 
torially.  In  the  same  way,  in  regard  to  crj'stals 
of  two  axes,  the  mean  line  is  attracted  or  repelled 
according  as  the  crystals  themselves  are  positive 
or  negative.  It  is  not  difBcult  to  conceive  the 
interest  created  by  these  identifications  of  the 
niagne-cr3-sta]line  lines  with  the  Imes  of  elasti- 
city in  the  crj'stal.  But  anomalies,  or  apparent 
anomalies  presented  themselves,  for  the  experi- 
mental clearing  up  of  which  we  are  indebted 
mainly  to  the  investigations  of  Tj-ndall  and 
Knoblauch.  These  energetic  and  most  reliable 
Inquirers  have  laid  down  as  a  general  result  of 
varied  and  judicious  experiments,  the  Laws  that 
when  the  molecular  constitution  of  a  body  is 
such  that  the  particles  of  which  it  is  formed  are 
in  greater  proximity  in  one  direction  than  they 
are  in  other  directions,  that  direction  is  the  one 
in  which'  the  magnetic  or  any  other  force  exerts 
itself  with  the  greatest  energy ;  so  that  the  line 
representing  this  direction  i.s  the  one  wiiich  places 
itself  axiallij  or  cquatorinlly,  according  as  the 
body  is  pai-amagm/ic  or  dianiagneiic.  Tiiero  are 
still"  multitudes  of  apparent  exceptions  to  this 
law,  but  when  analyzed  tliey  are  found  to  ori- 
ginate in  special  circumstances,  or  in  the  coun- 
teraction of  separate  and  distinguishable  forces. 
"In  this  mode  of  explaini  g  these  phenomena." 
snys  De  la  Kive,  "  the  action  of  the  magnet  is 
always  exercised  upon  the  particles;  and  it  is 
according  to  their  magnetic  and  attractive,  or 
their  diamagnetic  and  repulsive  nature.  The 
oijly  difference  between  crystals  and  other  bodies 
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is,  that  by  the  fact  of  their  non-homogene<ni8 
structure,  crystals  present  certain  diroclion.*,  ac- 
cording to  whicii  the  action,  whether  magnetic 
or  diamagnetic,  is  more  energetic  than  it  is  along 
other  directions,  on  account  of  the  greater  ap- 
proximation of  the  particles  that  occurs  in  these 
same  directions ;  a  phenomenon  altogether  aii:ilci- 
gous  to  that  of  dilatation  by  heat,  wliich,  in  a 
crystal  of  calcareous  spar,  for  example,  operates 
more  powerfully,  according  to  Mitscherlich,  in 
the  direction  of  the  optical  axis,  because  the 
particles  being  more  clo.sely  packed  along  this 
direction  than  along  the  others,  repel  each  other 
\vith  more  energy,  for  the  same  elevation  of 
temperature."    If  the  special  propertias  evinced 
by  magneto-crystalline  action,  be  thus  repre- 
sented, it  is  clear  that  they  form  no  exception  to 
the  general  laws  of  magneti.sm,  but  originate  in 
a  special  grouping  of  the  particles  of  the  crystals. 
And  this  view  has  since  been  confirmed  in  a  re- 
markable manner  bj' Prof'e.>sor  Tyndall  himself,; 
and  also  by  JIatteucci.    Professor  Tyndall  has 
succeeded  in  obtaining  from  solids,  to  wiiich  he 
had  applied  strong  pressure,  a  magnetic  direction; i 
dejiending  on  the  pressure,  precisely  similar  toi; 
that  exhibited  by  the  crystalline  condition  ;  and' 
l)is  results  have  largely  been  contirnied  by  Mat 
teucci.    "Tliis  inquirer,"  to  use  the  words  of  De 
la  Kive,  "  obtained  the  same  effects  from  com 
pression  both  upon  sulphur  and  stearic  acid, 
upon  bismuth.    The  pieces  subjected  to  com 
pression  were  placed  between  two  cheeks  in 
vice,  so  that  all  the  points  of  their  two  surfac 
wore  equallj' compressed ;  they  were  then  wasluf 
in  hydrochloric  acid,  to  free  them  of  impurity;  tli 
form  of  cubes  had  been  given  to  them,  and  the: 
cubes  being  suspended  so  that  the  line  of  com 
pression  was  horizontal,  constantly  took  a  dii 
tion  between  the  poles  of  the  electro-magnet, 
that  this  line  was  perpendicular  to  the  polar  lin 
On  taking  a  cube  of  0  39  inches,  and  cuttin 
from  the  side  that  had  been  strongly  cotupres^ 
prismatic  needles  in  different  directions,  the 
directed  themselves  equatorialhj  or  ajtially, 
cording  as  the  line  of  compression  was  parall 
or  perpendicular  to  their  axis,  which  depend 
on  the  manner  in  which  they  have  been  cut 
j\Ialteucci  succeeded  in  imitating  all  the  eSec 
of  crystallized  bismuth,  by  producing  cubes  ai 
needles  by  means  of  small  very  thin  plates 
bismuth,  obtained  by  dropjiing  liquid  bismutb 
small  drops  from  a  certain  height  upon  a  marb 
plane;  one  more  proof  that  the  cleavage  plan 
act  as  .separated  plates."    In  the  course  of  h 
experiments,  i\Iatteucci  conceived  that  he  h 
discovered  facts  inconsistent  with  the  concluao 
of  Tyndall  and  Knoblauch.    AVc  believe  he  h 
renounced  this  opinion,  and  recognized  that  t 
irregularities  are  mainly  attributable  to  the  i 
portant  part  ]ilayed  by  indiation  in  every  phen 
menon  in  wiiich  magnetic  action  takes  a  part, 
is  not  improbable,  as  De  la  Hive  remark!*,  fh 
in  nianv  cases  a  molecular  induction  is  broug 
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about  in  the  particles,  giving  rise  to  a  molecular 
current  when  the  particle  is  isolated,  and  to  u 
liiiite  induced  current  when  several  particles  are 
agglomerated  so  as  to  form  a  continuous  mass. 
— It  is  impossible  to  conclude  this  portion  of  our 
article  witliout  adverting  to  the  correlations  of 
the  manifestations  of  the  magneto-crystalline 
force  now  described,  with  many  others  that  have 
been  noticed,  and  become  a  recognized  foun- 
dation of  physical  theories.    It  is  not  necessarv 
to  revert  to  the  connection  of  the  optic  axes  of 
crystals,  so  firmly  established   by  Sir  David 
Brewster,  (one  indeed  of  tlie  greatest  and  most 
fertile  discoveries  of  our  lime.)  with  the  molecular 
or  ph\-sical  axes.   This  connection  stretches  much 
farther.    For  instance,  Savart,  during  his  exten- 
sive  and  most  interesting  studies  regarding 
Vibrating  plates  determined  a  distinct  relation 
U  between  the  acoustic  figures  produced  bv  the 
i  vibrations  of  such  plates  and  the  crystallization  of 
the  substances  of  which  these  plates  were  ibrmed. 
The  dhection  of  the  optical  axis  is  invariably 
connected  wiih  the  axis  of  the  forms  of  such 
acoustic  figures.     So  minute  is  the  correspon- 
tedence,  that  by  these  acoustic  forms  it  mav  be 
itat  once  determined  whether  a  crystal  is  positive 
or  negative,  or  which  of  the  axes  is  the  line  of 
the  greatest  and  which  of  the  least  elastititv. 
On  this  discovery  by  Savart  followed  those  of 
*  Mitscherlich,  regarding  the  uneven  expansion  of 
crystals  by  Heat— an  inequality  also  depend- 
ing on  the  position  of  the  optical  axes ;  and 
r  Senarmont  still  more  recently  observed  (see 
Acoustics),  that  conductibility  for  heat,  in  all 
systems  of  crystals  in  which  the  axes  are  not 
equal,  has  a  maximum  and  minimum  value, 
according  to  directions  parallel  to  the  crystal- 
lographic  axes.    There  is  a  most  close  analogy 
tiondeed,  between  calorific  aud  luminous  propa- 
Igation  within  such  media;  although  there  are 
Much  discrepancies  as  one  would  expect  from  the 
Wifferent  rates  of  propagation  of  the  different  ra3's 
^or  portions  of  the  spectrum.    The  question  has 
*een  still  more  recently  taken  up  by  M.  Wied- 
mann  in  reference  to  electro-conductibility.  His 
?eneral   conclusion  is,    "that  crystals  which 
possess  a  better  conductibility  in  the  direction 
M  the  principal  axis,  all  belong  to  the  class  of 
Jiegative  crystals;   whilst  those  that   have  a 
better  conductibility  in  the  direction  perpendi- 
cular to  the  axis  are  positive ;  whicii  indicates 
-nat  tlie  best  conductibility  for  elasticity  is  also 
nat  along  which  light  is  propagated  with  tiie 
,reatest  velocity.    Is  it  not  clear,  then,  tliat  the 
nolecular  axes  of  crystals  is  truly  the  root  of  all 
Jnenomena  belonging  to  their  relations  to  Lieht, 
tieat,  Llectricity,  and  Magnetism  ? 
I  IV.  Action  ok  Mao.vetis.m  on  Flames.— 
WUIB  action  is  very  striking;  but  theoretically  it 
w  merely  the  manifestations  of  magnetic  action  on 
'tealed  gases.    The  plienoniona  are  exceedintclv 
•mous  m  their  manifestations,  and  metliodsa/e 
KUggested  by  them  for  determining  wliether  a 


liquid  is  diamagnetio  or  otherwise.  "We  must 
refer  for  details  to  the  classical  and  almo.st  e.\- 
haustive  work  by  De  la  lii\  e. 

V.  El-FECT  OF  MaoNKTISJI  IN'  DEVELOPING 
OR  ClIAXGING  THE  OPTICAL  PROPERTIES  OF 

Transparent  Bodies.— The  class  of  facts  now 
to  be  described,  although  clearly  mixed  up  with 
the  action  of  the  magnetic  force  on  the  internal 
or  molecular  constitution  of  bodies,  is  yet  so  dis- 
tinct from  anything  hitherto  adverted  to,  that  we 
must  contemplate  it  apart.    The  general  features 
of  these  facts  have  been  already  noticed  under 
Circular  Magnetic  Polakization  (q.  v.), 
nevertheless  we  shall   again  rapidly  describe 
them.    The  phenomena  of  Polarization  need  no 
further  notice  here ;  neitlier  what  is  termed  the 
plane  of  polarization.     Suppose  a  ray  of  light 
polarized  by  one  Nicol's  prism  or  by  a  tour- 
maline, and  viewed  through  another"  prism  or 
tourmaline  suitably  placed,  we  know  that  the 
light  of  the  ray  (if  that  ray  be  homogeneous)  is 
whollj-  extinguished.     If  between  the  polarizer, 
and  the  analyzer  thus  placed,  a  prism,  say  of 
heavy  glass,  is  laid,  so  that  the  ray  pass  through 
the  glass,  no  change  is  observable ;  but  should 
the  opposite  poles  of  a  strong  magnet  be  also 
placed  at  tlie  ends  of  that  glass  prism,  the  ana- 
lyzing plate  or  prism  immediately  shows  a  degree 
of  light,  and  it  must  be  turned  round  or  rotated 
by  a  certain  angle  until  the  ray  is  again  ex- 
tinguished.   It  follows  from  this  fact,  that  the 
plane  of  polarization  has  been  rotated  or  turned 
through  a  certain  angle  (measured  by  the  rotation 
of  the  analyzer)  by  the  effect  of  magnetism  on  the 
glass  prism.    The  phenomenon  is  of  precisely  the 
same  nature  as  that  of  ordinary  Rotatory  Polar- 
ization, described  under  Polarization  ;  so  that 
the  magnetic  influence  has  sufficed  to  bestow  on 
the  glass  prism  that  peculiar  power  to  rotate  or 
change  the  plane  of  polarization,  which  is  in- 
herent in  the  atomic  structure  of  certain  bodies. 
This  memorable  influence  was  first  noticed  bv 
Faraday:  indeed  its  discovery  was  the  prelude  of 
his  researches  in  Diamagnetism.    It  has  since 
occupied  much  attention  on  the  part  of  this  most 
eminent  physicist,  and  of  MM.  Berlin,  Verdet, 
&c.    It  may  just  be  added  as  a  preliminary  re- 
mark, that  Wartmann  has  shown  that  polarized 
calorific  rays  are  acted  on  in  a  way  altogether 
similar.    For  instance,  a  piece  of  rock  salt,  in  the 
way  of  polarized  rays  of  iieat,  determines  a  rota- 
tion in  the  plane  of  its  polarization,  if  a  powerful 
electro-magnet  is  made  to  act  upon  it.  Tiiis 
result  of  Wartmann    has   been  confirmed  bv 
Provostsaye  and  Desains,  wlio,  by  aid  of  verv 
delicate  processes  and  ajiparatus,  liave  succeeded 
in  the  extremely  difficult  task  of  measuring  the 
deviation  produced  in  that  plane.    An  apparatus 
needful  to  determine  this  element  in  case  of  tlio 
rays  of  liglit  is  mucli  more  easily  obtained ;  its 
best  and  most  convenient  form  is  tliat  prepared 
by  M.  RhumkorfF.  — Witliout  referring  to  the 
possible  ultimate  causes  of  this  Btiaiige  set  of 
>39 
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results — for  the  scrutinizinp  of  which  the  time 
has  not  yet  come — let  us  state  as  briefly  as  we 
can,  such  general  laws  regarding  them  as,  with 
any  clearness,  have  been  ascertained.    (1.)  And 
iu  the  first  place,  Faraday  soon  established  a 
noticeable  difference  between  the  action  of  mag- 
netized transparent  bodies  in  rotating  the  plane 
of  polarization,  and  tliose  bodies,  such  as  quartz 
and  liquid  solutions,  which  produce,  of  themselves, 
a  similar  effect.    In  the  latter  set  of  cases  the 
amount  or  angle  of  rotation  increases  with  the 
thickness  of  the  substance  through  ^vhich  the  ray 
passes :  in  the  former,  tliat  thickness  has  not  of 
itself  a,ny  influence  whatever — the  deviation  being 
the  same  whether  the  prism  of  glass  be  long  or 
short,  in  so  far  as  tliat  element  is  concerned. 
This  latter  indeed  has  one  influence,  but  one 
owing  wholly  to  the  fact  that  the  longer  the  prism 
the  farther  apart  must  be  the  poles  of  the  in- 
fluencing magnet;   whence  a  large  modifica- 
tion of  the  purely  magnetic  effect. — (2.)  But  if 
the  mass  or  length  of  the  transparent  substance 
has  no  separate  effect,  it  is  otherwise  with  the 
Tiature  of  the  substance.     Different  transparent 
substances  give  very  dilFerent  deviations  or  rota- 
tions.   At  first,  as  apparently  ascertained  by 
certain  experiments  of  M.  Berlin,  it  was  supposed 
tliat  the  rotation  varies  directly  with  the  refrac- 
tioe  index.    But  M.  Verdet  has  recently  shown 
that  there  is  no  relation  whatever  between  these 
two  quantities.    For  instance,  notice  the  follow- 
ing table : — 


Substances. 

Uelr.iciive 
ludex. 

Ansrle  of 
Hutatiou, 

1-334 

4°00' 

Solution  of  muriate  of  iinimoniii, 

1-359 

4  45 

1-364 

5  27 

1371 

4  21 

1-372 

4  55 

1-394 

5  57 

1-448 

3  44 

Other  substances  yield  the  same  results,  com- 
l)Ietely  negativing  any  dependence  of  the  one  ele- 
ment or  constant  on  the  other.  Bertin  further 
showed  that  such  substances  as  nitrate  of  ammonia 
and  protosulphate  of  iron  dissolved  in  water, 
diminish  the  rotatory  power  of  the  liquid ;  and 
upon  the  ground  of  this  and  other  facts  of  like 
nature,  Becquerel  concluded  that  it  may  be  said 
in  a  general  way,  that  the  rotation  of  the  plane 
of  polarization  due  to  the  influence  of  magnetism 
varies  in  an  opposite  ratio  to  the  magnetic  poive?- 
'.ft  fie  bodies.  M.  Verdet  has  renewed  the  inquiry 
in  a  recent  elaborate  memoir  (^Amialen  de  Chimie 
et  de  Physique,  tiiird  series,  vol.  xxiii.),  and 
appears  to  have  traced  the  source  of  tlie  peculiar 
mode  of  action  of  all  ferruginous  compounds.  If 
proto-salts  and  per-salts  of  iron  are  dissolved  in 
water,  tiie  rotatory  power  of  the  solution  is  always 
less  than  that  of  water :  in  fact  things  take  place 
as  if  the  dissolved  iron  salt  has  a  rotatory  j)ower 
ill  tJie  opposite  direction  to  that  oftoater.  The 
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same  result  holds  in  the  case  of  ethereal  and  alco 
holic  solutions  of  alkaline  or  metallic  salts;  s  i 
that  it  may  be  concluded  generally,  that  the  sails 
of  iron  submitted  to  the  action  of  magnetiMn 
exert  an  action  opposite  to  that  of  the  generaliu 
of  transparent  substances  upon  polarized  light. 
Nevertheless,  Becquerel's  law  does  not  hold.  On 
the  contrary,  salts  of  nickel  and  manganese  .seen; 
to  possess  a  direct  rotaturv  power,  inasmuch  a- 
their  solutions  have  a  larger  rotatory  power  thai 
that  of  their  transparent  solvent.    It  must  ther'  - 
fore  be  said  that,  on  this  very  important  featu!( 
of  these  phenomena,  no  law  or  general  truth  i 
at  present  established. — (3.)   Thirdly,  in  wh.t 
manner,  or  according  to  what  laws,  do  these  rota 
tions  depend  on  the  distance  and  on  the  force  o, 
the  mafftietic  centres,  acting  on  the  transparent 
bodies  ?  This  inquiry  has  also  been  well  elaboratet  .  ; 
by  M.  Verdet,  in  a  memoir  reproduced  in  vol.  ix.  ,, 
fourth  series,  of  Philosophical  Magazine.  Verde;'/ 
begins  by  detailing  the  experimental  contrivance;  rr 
by  which  he  insured  that  the  transparent  masi  Jr 
on  which  he  operated  should  be  placed  as  nearl;;;  f 
as  possible  within  what  Faraday  has  called  .■  'i,: 
magnetic  field  of  eqvml  intensify;  in  other  word: 
that  it  should  not  at  different  times,  or  at  difterei 
parts  of  it,  be  exposed  to  the  action  of  magneti 
forces  acting  in  different  directions  or  along  di 
ferent  curves.    The  vital  importance  of  such 
arrangement  in  the  conduct  of  all  such  inquirii 
will  appear  more  fully  in  the  next  general  sectiol 
of  this  article:   for  the  dcNices  by  which 
Verdet  assured  the  essential  effect  in  his  O' 
researches,  we  must  refer  to  the  memoirs  alreai 
quoted.     Further,  by  ingenious  treatment  li 
freed  himself  from  the  ambiguity  arising  from 
use  of  pure  solar  light,  as  well  as  from  that  comp; 
rative  darkness  and  the  doubtfulness  belonging 
the  measurement  of  the  differences  of  small  angl 
which  is  interwoven  with  the  employment  of  tl 
least  refrangible  rays.    The  substances  expei 
mented  on  were  onlj'  three,  viz.,  Faraday's  Aent 
glass,  common  flint,  and  bisulphide  of  carbon ;  bi 
as  Verdet  remarks,  these  three  substances  difkr 
much  from  one  another,  that  a  law  wiiieh  suits  the 
equally,  may  be  regarded  as  general.  The  rotatoi 
power  of  these  difl'erent  substances  is  of  coui 
different,  but  in  all  cases  the  law  holds,  that 
rotation  of  the  plane  of  polarization  is  propo; 
tional  to  the  magnetic  action.    This  proportioi 
ality  holds  with  the  same  exactitude  whether 
distance  of  the  magnetic  centres  from  the  tranj 
|iarent  substances  is  changed,  or  whether 
quantity  of  free  magnetism  accumulated  in  th 
various  centres  undergoes  a  variation.    The  " 
mula  indeed  may  be  expressed  universally,  at 
for  all  circumstances,  in  the  following  terms: 
"  The  rotatory  power  developed  by  the  action  (ff 
magnetic  centiv  in  an  iiifinitely  thin  plaie  <j/" 
non-refntcting  substance  varies  projwrtionately 
the  magnetic  action,  i.  e.,  directly  as  the  qvavi 
of  magnetism  accumvlated  in  this  centre,  and 
rersely  as  the  square  of  the  distance." — (4.) 
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ibther  point  of  corresponding  importance  has  also 
■)een  examined  by  Verde.    In  publisliing  liis  dis- 
:overy  of  tlie  rotation  of  tlie  plane  of  polarization, 
.faraday  stated  tliat  the  phenomenon  manifested 
tsitself  with  the  greatest  intensity  when  the  direc- 
iidon  of  the  ray  of  light  was  parallel  to  the  direc- 
ktion  of  the  magnetic  forces,  and  that  it  disapjieared 
rb¥ben  these  two  directions  were  perpendicular  to 
teach  other.    But  it  remained  to  explain  the  law 
f  )f  the  dependence  of  that  rotation  on  intermediale 
tcnclinations  of  these  two  directions, — a  law,  the 
•inowledge  of  which  is  clearly  essential  towards 
Khe  formation  or  the  verification  of  any  j  nst  general 
leheor}'.     It  is  indeed  needless  to  insist  on  the 
ihiherent  interest  of  such  a  research.    Verdet  has 
■uought  to  determine  in  the  most  careful  manner 
tnrhat  takes  jilace  where  the  angle  formed  by  the 
irtirection  of  the  rays  of  light  with  the  magnetic 
WuBCtion  varies  from  0°  to  90°.    Neither  in  this 
isase  can  w-e  do  justice  to  his  methods : — the  reader 
S  again  referred  to  his  own  memoir.    But  the 
ipiportant  and  apparently  established  result  is 
Bimbodied  in  the  following  theorem  : — The  rota- 
mon  of  the  plane  of  polarization  is  proportional 
•  0  ike  cosine  of  the  angle  enclosed  between  the 
rUrection  of  the  luminous  rays  and  that  of  mag- 
tieiic  action.    Verdet  adds  the  following  pregnant 
■emark:— "  If  we  adopt  the  theoretical  views  of 
wVesnel,  with  respect  to  the  rotation  of  the  plane 
pf  polarization,  we  must  imagme  the  polarized  ray 
jj  BalliDg  perpendicularly  upon   the  transparent 
1  babstance  which  is  submitted  to  the  influence  of 
m  ipagnetism,  transferred  into  two  rays  circularly 
j}  Iwlarized,  and  to  opposite  du-ections,"  and  propa- 
gated with  unequal  velocities.    If  the  velocities 
■f  propagation  be  represented  by  v  and  v',  it 
'illows  from  the  law  above  enumerated  that  the 
ipression 
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proportionally  to  the  cosine  of  the  angle 
[closed  between  the  direction  of  the  luminous 
lys  and  that  of  magnetic  action." — It  is  clear 
it  least  that  the  subject  now  treated,  is  one  moi  e 
■*nd  very  momentous  contribution  towards  the 
racticability  of  the  inquiry  as  to  the  correlation 
''^^y^ical  Plieiiouiena  and  Molecular  Forces. 
VI.  Theokiks  as  to  the  relations  be- 

THESE  VARIOUS  MoDKS  OF  MAGNETIC 

'  CTioN — The  subject  on  whicli  we  now  offer  a 
w  remarks  is  one  of  the  most  delicate  in  mo- 
311  physics.  The  forces  in  play,  however  real, 
•e  unfortunately,  for  the  most  part,  so  slight— 
'  many  cases  neariy  evanescent— that  saiisfac- 
■fy  experiments  regarding  disputed  points  he- 
me arduous,  uncertain,  and  frequently  imprac- 
f-oie.  Hence  the  extreme  difficulty  of  deter- 
•nmg  between  conQicting  views  by  anvthing 
«an  expenmentumcrucis.~The gemral  facts  as 
'Piained  m  the  previous  part  of  this  article,  and 
ottiers  preceding  it,  may  be  summed  up  as  fol- 
ws — (1.)  xhe  action  of  the  magnet  on  mag- 
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netic  bodies  usually  so  called,  accompanied  by  a 
directive  axial  force,  and  a  decided  development 
of  magnetic  polarity.  —  (2.)  Action  upon  dia- 
magnetic  bodies,  indicated  b}'  a  directive  force 
producing  the  athwart  or  equatorial  position. — 
(3.)  Action  upon  transparent  bodies,  solid  and 
liquid,  endowing  them  with  tlie  power  of  rotat- 
ing the  plane  of  polarization. — (4.)  Action  upon 
all  good  conducting  bodies, — developing  in  them 
instantaneous  currents,  called  currents  of  induc- 
tion.— (5.)  Magneto-  crystalline  action. — Now, 
between  these  various  modes  of  action,  there 
are  certain  apparent  (externaV)  relations,  which 
suffice  to  indicate  that  some  central  or  all-com- 
prehending law  most  probably  exists.    For  in- 
stance, diamagnetic  bodies  and  magnetic  bodies 
may  almost  be  classed,  on  a  priori  grounds,  and 
sejiarated  from  each  other,  so  soon  as  we  know 
their  atomic  weights,  and  their  power  to  conduct 
electricity.    According  to  De  la  Eive,  diamag- 
netic bodies  are  those  which,  volume  for  volume, 
contain  the  smallest  number  of  atoms,  or  which, 
if  they  contain  more,  are  very  good  conductors  of 
electricity.  Atomic  weights  along  different  axes, 
appears  likewise  to  be  the  main  influence  in 
determining  the  magne-crystnlline  lines.  And 
between  the  two  classes  of  phenomena  in  the 

foregoing  list  which  seem  the  most  diverse  

viz.,  the  diamagnetism  of  bodies,  and  tlieir 
rotatory  power  when  under  magnetism,  there 
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are  likewise  striking  relations,  thus  enumeraied 
also  by  De  la  Rive.     First,  the  position  as- 
sumed by  the  diamagnetic  body  so  that  it  escape 
the  action  of  the  magnet,  is  that  in  which 
the  body  ceases  to  possess  rotatorj'  magnetic 
power,— supposing  that  the  polarized  ray  con- 
tinues to  traverse  it  in  the  direction  of  its  length. 
Secondly,  all  the  circumstances  that  increase  the 
rotating  magnetic  power  o!  a  body  also  increase 
its  diamagnetism,  for  instance; — (1.)  The  ro- 
tation of  the  plane  of  polarization  is  pro)iortionaI 
to  the  intensity  of  the  currer.t.  or  of  the  magnet 
acting  on  the  substance  submitted  to  it;  now 
the  diamagnetic  force  of  the  substance  is  also 
proportional  to  that  intensity. — (2.)  Crystals 
have  a  very  feeble  rotating  power;  and*  their 
diamagnetism  is  also  feeble;   sometimes  they 
are  directed  axially,  sometimes  eqiiatorialhj. — 
(3.)  Substances,  which  by  tiieir  nature  show 
the  largest  amount  of  diamagnetism,  are  also 
those  which  exercise  the  most  powerful  rota- 
torj-  action  upon  the  plane  of  polarization  ;  and, 
reciprocally,  the  more  a  substance  is  magnetic, 
the  less  decided  is  this  action.    On  classifying 
a  large  number  of  bodies  according  to  tlieir 
power  as  manifested  in  tliese  two  ways,  it  will 
be  seen  that  the  order  of  their  diamagnetic  power 
is  the  same  as  the  order  of  their  rotating  power. 
Tile  numbers  which  express  the  cnergj'  of  tiiese 
influences  are  not  proportional,  but,  as  De  la 
Kive  remarks,  "  Tliis  is  not  to  be  vvondcred 
at,  inasmuch  as  considering  the  very  difl'orent 
form  of  the  phenoniena  manifested  by  the  same 


MA  Cr 

substance  undor  influence  of  the  magnet,  we 
could  not  expect  the  two  results  to  be  the 
same  function  of  the  forces  in  play."  —  These 
relations,  although  emphatic  in  so  far,  we  have 
yet  seen  it  proper  to  term  external;  they  connect 
the  forms  of  the  different  phenomena,  but  do 
not  indicate  whence  their  relationship  sjjrings. 
The  prominent  question  in  this  ulterior  inquirj' 
is,  evidently  the  question,  what  is  the  relation 
b'?t\veen  Magnetism  commonly  so  called,  and 
iJidinaf/nefism  ?  Are  they  the  smne  influence  < 
manifested  under  difl'erent  circumstances,  or  dif- 
ferent influences  ?  Two  theories  have  been  ad- 
vanced favouring  these  opposite  views  ;  and 
there  is  besides  a  purely  dynamical  theory,  all 
of  which  we  shall  endeavour  biiefly  to  expose. 
But  as  we  desire  to  explain  as  fully  as  we  can 
the  dj'namical  theory,  our  reference  to  the  two 
former  must  be  summary. 

(1.)  Js  Dinmafjnetism  an  antagonistic  Mag- 
netism?— Tlic  answer  in  the  affirmati\  e  amounts 
to  this : — "  There  are  two  magnetic  influences  or 
forces,  or  magnetic  polarities,  not  only  distinct 
but  antagonistic ;  and,  our  greater  knowledge  of 
the  one,  and  consequent  leaning  to  consider  its 
manifestation  as  the  chief  source  of  information 
regarding  the  magnetic  force,  depend  solely  upon 
its  superior  energy,  and  tlie  fact  that  it  therefore 
])ressed  itself  more  forcibly  on  attention.  Had  we 
Icnown  only  the  delicate  phenomena  manifested  by 
bismuth  and  its  cognates,  we  should  have  framed 
a  theory  of  Magnetism  having  as  its  basis  dif- 
ferent and  antagonistic  polarities."  This  ^^ew  was 
recommended  to  some  experimentalists  by  the 
circumstance  that  they  supposed  they  had  de- 
tected in  diamagnets,  poles  of  ike  same  name 
as  the  magnetic  poles  nearest  them.  The  ear- 
liest experiments  of  Poggendorf,  Eeich,  and 
Weber,  which  seemed  to  point  in  this  direction, 
received  another  interpretation — their  effects,  as 
already  remarked,  being  essentially  due  to  the 
production  of  inductive  currents  over  the  sur- 
face of  the  metals  subjected  to  the  influence  of 
electro-magnets,  or  merely  to  that  of  closed 
currents.  The  subject  has  been  resumed  by 
"SVeber,  and  a  distinguished  Inquirer  in  our  own 
country.  The  experiments  of  I^rofessor  T^mdall 
are  above  question  as  to  their  ingenuitj-,  or  the 
mode  in  which  he  has  conducted  tliem ;  neither 
are  tlieir  positive  results  to  be  doubted  for  a 
moment.  The  question  remains,  however,  are 
these  results  not  explicable  without  the  interpo- 
sition of  a  new  phi/sical  force — of  a  really  new 
polarity — of  an  antagonistic  Magnetism?  Criti- 
cal discussion  in  this  place  is  wholly  beyond 
our  power.  But  we  may  be  allowed  to  suggest 
two  considerations,  which  in  the  present  unde- 
termined condition  of  this  most  delicate  and 
difficult  inquiry,  a|)pcar  worthy  of  attention. — 
Setting  aside  the  objections  of  j\[attcucci,  it  does 
appear  remarkable,  and  certainly  is  deserving  of 
weight,  that — except  in  one  moment  perhaps  of 
apparent  wavering — our  admirable  Faraday  nt 
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the  close  of  the  finest  series  of  inductive  rt 
searches  which  this  quarter  of  a  century  has  pro 
duced,  does  not  feel  it  necessary  to  introduce  the 
hj'pothesis  of  any  new  force :  and  secondly,  that 
philosophy  has  seldom  benefited  by  the  some- 
times rapid  acceptance  of  new  causes.  Its  suc- 
cessful career  is  rather  marked  by  tJie  simpli 
fication  and  assimilation  of  theories  as  to  causes, 
And  assuredly  a  critical  review  of  the  recent  his 
tory  of  a  cognate  phj'sical  subject  does  not  dispost 
one  to  receive,  unless  on  sheei-cst  compulsion,  th^ 
conception  of  novel  polarities.  —  The  questio 
really  is,  can  the  effects  be  explained  without  th 
introduction  of  any  new  polarity  ? 

(2.)  7s  there  a  Specific  Magnetism  in  the  sam 
sense  as  there  is  a  Specific  Heat  in  relation 
Bodies? — The  aflirmation  is  advanced  by  M.  ISI 
Becquerel — than  whom  there  are  few  more  de 
serving  writers  or  Inquirers.  It  is  maintainei 
that  all  bodies  are  magnetized  by  magnetic  cen 
tres,  precisely  as  soft  iron  is,  onl}'  in  a  greater  o 
less  degree — the  direction  the}'  assume  dependin 
on  the  difference  existing  between  the  action  tha 
is  exercised  upon  them  and  the  action  exercise 
upon  the  medium  by  which  they  are  surroundec 
Just  as  in  the  case  of  heavy  bodies  of  differer 
specific  gravities,  a  substance  under  this  vie 
would  be  attracted  by  a  magnetic  centre  wit 
tlie  difference  of  the  action  exercised  upon  it  a 
the  medium  by  which  it  is  surrounded :  it  woul 
be  attracted  on  the  same  principle  as  a  piece 
metal  falling  through  the  air,  and  repelled  for 
reason  analogous  to  that  which  causes  a  soi 
bubble  filled  with  hydrogen  gas  to  ascend.  The: 
is  value  in  M.  M.  Becquerel's  view.  It  does  n- 
assume  two  different  classes  of  fbrces,  and  it  in 
cates  that  "magnetism"  and  '•  diauiagnetis; 
must  follow  the  same  laws,  and  vary  proportioi 
ately  to  the  square  of  the  magnetic  iutensi 
But  there  are  serious  phj'sical  objections.  F| 
instance,  it  would  follow  from  Becquerel's  e: 
pressions,  that  all  bodies  ought  to  be  attracted 
magnets  in  vacm,  since  the  medirtm  is,  in  th 
case,  removed,  on  whose  presence  depends 
result  of  attraction  or  rejnilsion.  Now,  m 
diamagnetics  are  more  repelled  in  vacuo  than 
air ;  and  M.  Becquerel  has  thus  been  driven 
the  physical  hypothesis,  that  apparent  vacu 
has  a  specific  magnetism,  or  that  there  is  a  poi 
tive  magnetic  fluid  permeating  all  space, 
confess  as  great  a  repugnance  to  an  augmen 
tion  of  the  list  of  impalpable  physical  fluids, 
we  have  to  additions  to  the  list  of  our  polaritij 

(3.)  The  Dynamiail  Theory — The  view  fc 
by  Farada}'  from  the  first,  and  so  finely 
largely  extended  by  Profbssor  William  Thomsi 
is  totally  diflcrent  in  its  character  and  foun 
tions.    That  view,  indeed,  rests  on  no  physij 
hypothesis  whatever,  but  on  the  fact  that 
emanate  from  the  poles  of  magnets  in 
directions  which  are  Ciilled  lines  qf  force, 
occupy  a  magnetic feld.    If  any  body  is  pluni 
within  this  magnetic  field,  it  disturbs  or  nioi 
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these  Fines  of  force,  according  fo  its  natnre.  If 
magnetic,  it  concentrates  the  lines,  or  draws  tlieni 
towards  itself;  if  diamagnetic,  it  makes  them 
diverge— thus  originating  attractive  movements 
for  magnetic  bodies,  and  repulsive  for  diamag- 
:  Jietic.    The  several  expressive  diagrams  of  lines 
of  force  under  various  circumstances,  given  in 
page  458,  will  enable  the  reader,  to  a  large  ex- 
■■tent,  to  realize  this  by  a  mere  glance  of  the  eve. 
;  For  instance,  if  a  magnetic  lickl  is  composed"  of 
equal  forces  equalk  distributed— such  a  field  as 

may  be  obtained  with  a  horse-shoe  magnet  we 

ha  ve  merely  to  place  a  sphere  of  iron  or  nickel  in 
•  this  field  to  cause  an  immediate  disturbance  in 
I  the  direction  of  these  lines  of  force,  which  in  this 
xcase  experi-nce  a  convergence  upon  the  opposite 
I'iaces  of  a  magnetic  sphere  ;  and  there  would  be 
na  similar  divergence  at  the  opposite  sides  of  a 
liidiaraagnetic  sphere.  Professor  Faraday  has  like- 
vwise  shown  in  what  manner  temperature  di- 
;  minishes  the  po^ver  possessed  by  bodies  to  influ- 
:ieneing  the  direction  of  the  lines  of  force— even 

.causing  them  to  disappear  at  certain  points  

;  These  remarkable  views  clearly  suggested  the 
I  foundation  of  a  purely  dynamical  theorj'  of  the 
entire  subject ;  and  they  were  taken  up  and  car- 
■  ried  to  their  minutest  consequences  by  Professor 
^•William  Thomson,  in  whom  are  happily  united 
ureat  skill  in  analysis,  rarest  power  of  abstrac- 
tion, and  the  ability  to  recognize  and  grasp  firmly 
the  essentialia  of  individual  physical  phenomena. 
iJIr.   Thomson's  earliest  published  researches, 
bating  at  1 847,  appeared  in  the  Cambridge  and 
Dublin  Malhematical  Jownal,  in  a  memoir  "  On 
'■lie  forces  experienced  by  small  spheres  under  may- 
■•lelic  influence,  and  on  some  of  the  phenomena  pre- 
"^nied  by  diamaynetic  substances. "   Starting  from 
e  recognized  and  fundamental  truth,  that  no 
lutual  attraction  or  repulsion  between  two  bodies 
in  result  from  magnetism  in  one,  imless  the  other 
•  also  magnetized,  or— what  is  the  same  thing— 
lat  the  forces  observed  are  the  consequences  of  a 
■iiporary  magnetic  state  induced  in  the  neutral 
ly  Ijy  the  neighbourhood  of  a  magnet,  he  pro- 
ds to  deduce  analytically  the  resultant  diiec- 
■  e  energy  of  a  magnetic  field  on  a  sphere  of 
;ite  dimensions  placed  anywhere  in  it ;  and  it 
lows  readily  from  his  formulffi  that  while  a 
'lere  of  soft  iron  is  always  urged  in  the  direc- 
»  in  which  the  magnetizing  force  increases 
'*'St  rariidly,  there  are  cases  (cases  in  which  his 
■antity  I  is  negative)  in  which  the  sphere  mav 
urged  across  the  direction  of  the  maynetizin,) 
'  ce,— in  fact,  that  this  must  take  place  with  ail 
•-^tances  (diamagnetics)  in  which  i  (a  proper 
"■tion  depending  on  the  capacity  of  the  sub- 
' 'ice  for  magnetic  induction,  and  determinable 
experiment)  is  negative.    The  student  will 
•am  a  bnefer  and  perhaps  clearer  idea  of  the 
'Liirc  of  these  most  interesting  researches  from 
['jiper  m  Philosophical  Magazine  for  October 
-"J,  in  which,   indeed,  they  are   not  only 
^uimed  up  but  illustrated  by  experiment.  The 
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experiments  described  very  fully  in  that  paper 
ai-e  extremely  simple,  and  show  how,  through 
modifying  the  direction  and  the  intensity  of  the 
forces  in  the  magnetic  field  by  various  positions 
given  to  the  magnet's  motions  may  be  impressed 
on  magnetic  bodies— such  as  a  ball  of  soft  iron — 
exactly  analogous  to  those  presented  by  diamag- 
netic bodies  under  the  same  circumstances.  For 
instance,  a  ball  of  soft  iron  of  very  small  volume 
and  very  delicaleh'  suspended  from  a  long  hori- 
zontal lever,  under  the  influence  of  two  contrary 
poles  of  unequal  force  placed  on  the  same  side  iii 
respect  to  it,  but  at  (iifi'erent  distances,  may  be 
held  in  equilibrium  at  a  certain  distance  fioin 
both.    So  also,  the  same  ball  when  submitted  to 
the  action  of  two  poles,  equal  in  force,  but  of 
the  same  name,  will  have  not  only  a  position  of 
unstable  equilibrium  in  the  middle  of  the  Hues 
joining  these  poles,  but  also  two  positions  of 
stable  equilibrium,  at  the  two  extremities  of  a 
right  line  drawn  perpendicularly  to  the  middle  of 
the  former,  and  of  a  length  depending  upon  the 
force  of  the  magnetic  poles.    All  these  effects, 
and  others  of  the  same  kind,  may  be  obtained 
in  a  similar  manner,  by  supplying  the  place  of 
the  soft  iron  by  bodies  that  are  very  slightly 
magnetic,  and  even  by  diamagnetic  bodies.  Pro- 
fessor Thoms(m  has  frequently  resumed  this  line 
of  investigation.    Another  memoir  (read  to  the 
British  Association  in  1850)  is  reprinted  in  Phil. 
Mayazine  for  March,  1851,  entitled,  ''On  the 
Theory  of  Maynetic  Induction  in  Crystalline  and 
non-C7-ysialline  Substances."     In  this  paper  he 
clears  the  foundation  of  the  mathematical  theory 
of  Magnetism  of  all  physical  hypotheses  as  to 
"  magnetic  fluids,"  and  unfolds  the  extension  of 
Poisson's^  formula;  (thus  cleared)  to  problems  in 
which  it  is  a  condition  that  the  magnetic  elements 
are  not  spherical,  or  not  symmetrically  arranged 
within  a  substance  in  the  neighbourhood  of  a 
magnet, — thus  enabling  himself  to  grasp  all  the 
phenomena  of  what  has  been  termed  the  mag- 
neto-crystalline force.    It  were  vain  to  attempt 
within  our  space  more  than  the  foregoing  brief 
narrative  and  bald  outline  of  the  researches  of 
this  Physicist;  sufllice  it  that  he  considers  that 
not  one  of  the  most  striking  of  recent  experimen- 
tal results— not  even  Weber's  remarkable  results 
— may  not  be  deduced  as  corollaries  from  a 
purely  dynamic  theory  of  Magnetism.  The 
scientific  world  assuredly  expects  from  him  a 
full  and  methodical  work  on  the  entire  subject — 
worthy  of  the  theme  itself,  and  of  his  own  well- 
won  distinctions.—We  refer  the  student  for  many 
details  respecting  all  portions  of  Magnetism  to 
De  la  Eive's  excellent  and  copious  Treatise,  and 
to  the  recent  workin  tbree  volumes  by  M  .  M. 
Bccquerel. — Professor  Thomson's  chief  theoretical 
pai)er  is  in  the  Philosophicul  Transactions  for 
1851,  Part  I.    On  the  most  recent  condition  of 
this  and  all  cognate  physical  subjects,  every  in- 
formation may  bo  obtained  in  the  new  and  most 
choice  Dissertation,  by  Professor  J.  D.  Forbes. 
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ItlngiictSsm,  Corrclaiiou  of. — See  next 
article. 

ITIngnetiiiin,  Dj  iiaral!  nl  Kelntioiia  of. — 

I.  Mechanical  vakuk.s  of  Distkibutio.ns 
OF  Electricity  and  Magnetism — 1.  Elec- 
tricity at  rest. — To  electrify  an  insulated  con- 
ductor (a  Leyden  phial,  for  instance,  or  any 
mass  of  metal  resting  on  supports  of  glass) 
in  the  ordinary  way,  by  means  of  an  electrical 
machine,  requires  the  expenditure  of  work  in 
turning  the  machine.  But  inasmuch  as  part, 
obviously  by  far  the  greater  part,  of  the  work 
done  in  this  operation  goes  to  generate  heat  by 
means  of  friction,  and  of  the  small  residue  some, 
it  may  be  a  considerable  proportion,  is  wasted  in 
generating  heat  (electrical  ligiit  being  included 
in  the  term)  by  the  flashes,  illuminated  points, 
and  sparks,  which  accompany  the  transmission 
of  the  electricity  from  the  glass  of  the  machine 
where  it  is  first  excited,  to  the  conductor  which 
receives  it,  the  mechanical  value  of  the  electri- 
fication effected  would  be  enormously  over- 
estimated if  it  were  regarded  as  equivalent  to  the 
work  that  has  been  spent.  The  portion  of  this 
work  which  produces  the  actual  electrifjcalion 
of  a  conductor  in  stated  circumstances  is,  how- 
ever, perfectly  definite  and  determinate.  The 
mechanical  value  of  any  electritication  of  a  con- 
ductor has  a  perfectly  definite  character,  and  it 
may  be  calculated  with  ease  in  any  particular 
case,  by  means  of  formulae  demonstrated  by  Pro- 
fessor Thomson  (Glasgow  Philosophical  Society, 
January  26,  1853,  and  Philosophical  Magazine, 
March,  1854).  The  simplest  case  is  that  of  a 
single  conductor  insulated  at  a  distance  from 
<ither  conductors,  or  with  only  uninsulated  con- 
ducting matter  in  its  neighbourhood.  In  this 
case  the  mechanical  value  of  the  el  'ctrification  is 
etjual  to  half  the  square  of  the  quantify  of  electricity, 
divided  by  the  capacity  of  the  conductor* 

In  any  case  whatever,  the  total  mechanical 
value  of  all  the  distributions  of  electricity  on  any 
number  of  separate  insulated  conductors  electrified 
with  any  quantities  of  electricity,  is  equal  to  hall 
the  sum  of  the  products  obtained  by  multiplying 
the"  i)oten  t  ial  "fin  each  conductor  by  the  qua  n  tity 
of  electricity  with  which  it  is  charged.  Each  term  of 
this  expression  does  not  represent  the  indL'i)endent 
value  of  the  actual  distribution  on  the  conductor  to 
which  it  corresponds,  inasmuch  as  the  "potential" 
in  each  depends  on  tiie  presence  of  the  others, 
who'i  thcv  are  near  enough  to  exert  any  sensible 

*  'l  he  term,  "  electro-static  ciiimcity,"  liiisljecnintrii- 
dutu.i  by  Professor  Tliomson  to  signify  the  inxiportioii 
of  the  quantity  of  electricity  that  the  conductor  w  ouul 
retain  to  that  which  It  would  communicate  to  a  con- 
ductinir  ball  of  unit  radiuB,  insulated  at  a  great  distance 
from  otiicr  conducting  matter,  if  connected  witli  it  by 
means  of  a  tine  wire.  In  otiiev  words,  the  electro-static 
capacity  of  a  conductor  Is  the  quantity  of  electricity 
which  it  liolds  when  charged  to  unit  potcntia  . 

t  A  term  first  intioduced  by  Green,  wliicli  may  be 
defined  as  the  quantity  of  meclianical  work  that  wou  d 
liave  to  be  siient  to  bring  a  unit  of  electricity  irom  a 
great  (iistance  up  to  tiie  suifacc  of  the  conductor,  sup- 
poseU  to  retalii  Its  distribution  uiialtureU. 
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mutual  influence;  but  independent  expressions 
of  these  independent  values  are  readily  obtaiued, 
although  not  in  a  form  convenient  for  statement 
here ;  and  their  sum  is  equal  to  the  total  value, 
as  calculated  by  the  preceding  expression.  When 
a  conductor  is  discharged  without  other  me- 
chanically valuable  efllects  being  develojied, — aa 
Ibr  instance,  when  the  knob  ot  a  Leyden  phial  is 
put  in  communication  with  the  out.side  coating, 
or  when  a  flash  of  lightning  takes  place — the  heat 
is  equal  in  mechanical  value  to  the  distribution 
of  electricity  lost.  Hence,  by  what  precedes, 
the  amount  of  heat  is  proportional  to  the  square 
of  the  quantities  discharged,  as  was  partially 
discovered  by  various  experiment's  of  last  and 
of  the  present  centuries,  but  first  demonstrated  on 
dynamical  principles  by  Joule,  in  a  communication 
to  the  Royal  Society  in  1840.  Mr.  Joule's  result 
has  been  verified  by  independent  experimenters  in 
France,  Italy,  and  Germany.  Professor  Thomson 
has  pointed  out  other  applications  of  his  investi- 
gation, some  of  a  practical  kind,  and  others  in  the 
Mathematical  Theory  of  Electricity,^  and  has 
stated  that  although  he  had  first  arrived  at  the 
results  in  1845,  and  used  them  in  papers  pub- 
lished in  that  year,  the  first  explicit  publication 
of  the  theorem  regarding  the  mechanical  value 
of  the  electrification  of  a  conductor  appears  to  be 
in  1847,  in  a  paper  entitled  "  Ueber  die  Erhaltung 
der  Kraft,"  by  Helmholz,  who  had  independently 
arrived  at  the  same  theorem. 

The  excellent  terms — potential  energ}'  and 
actual  energy — which  have  been  introduced  by 
Professor  Rankine  to  designate  the  statical  and 
the  dynamical  forms  of  mechanical  energy,  are 
well  illustrated  by  their  application  to  this  subject. 
Thus  what  has  been  defined  above  as  the  me 
chanical  value  of  an  electric  charge  is  its  "  poten 
tial  energy."    When  two  electrified  bodies  repe 
one  another,  and  experience  no  sensible  resistau 
to  their  motions,  a  portion  of  the  potential  eiiergv 
of  the  electrical  system  is  converted  into  actua 
energy  of  motion.    If  a  body  is  repelled  o 
attracted  upwards  by  electric  force,  there  is 
conversion  of  potential  energy  of  electricity  int 
potential  energy  of  gravitation.    If  an  electrifie 
conductor  is  di.scharged  without  being  allowe 
to  produce  electrolytic,  or  ordinary  mechanic 
eftects,  its  potential  energj-  is,  as  has  been  re 
marked  above,  wholly  converted  into  actu 
energy  of  heat  and  light  in  the  flash.    If  i 
its  discharge  it  breaks  a  body  into  fragmeii 
thrown  violently  asunder,  and  .some  of  the 
raised  against  gravity  by  the  electric  force,  an 
at  the  same  time  decomiioses  water,  ius  potenti 
eiieigy  is  converted  partly  into  actual  energy 
motion,  partly  potential  energy  of  chemic; 

X  Among  the  latter,  an  analytical  investigation  oft' 
niuiual  attraction  or  repulsion  between  two  electriti 
spheiiea!  conductoi'S  may  be  referred  to.  Results  of  tli 
investigation  were  publislied  as  early  as  )84;>,  althou 
it  was  not  till  sonio  years  later  that  the  autlior  8> 
ceedcd  In  finding  a  synthetical  vcrilicalion,  whi" 
aloiiLC  Willi  thi  ni  iKinal  analyticnl  solution,  is  publish 
in  the  PliHosup/ticai  Magazine,  for  April,  1853. 
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affinity,  and  partly  into  potential  energj' of  gravita- 
tion :  and  the  remainder  iuto  actual  energy  of  heat. 

2.  Magnetism. — If  a  piece  of  soft  iron  be 
allowed  to  approach  a  magnet  very  slowly  from 
distant  position,  and  be  afterwards  drawn 
away  so  rapidly  that  at  the  instant  when  it 
reaches  its  primitive  position,  where  it  is  left  at 
rest,  it  retains  as  yet  sensibly  unimpaired  the 
magnetization  it  had  acquired  at  the  nearest  po- 
sition, a  certain  amount  of  work  must  have  been 
finally  expended  on  the  motion  of  the  iron. 
For  during  the  ajjproach,  the  iron  has  only  the 
magnetization  due  to  the  action  of  the  magnet 
on  it  in  its  actual  position  at  each  instant,  but  at 
•  each  instant  of  the  time  in  which  the  iron  is 
being  drawn  away,  it  has  the  whole  mag- 
1  netization  due  to  the  action  of  the  magnet 
i  on  it  when  it  was  the  nearest.     Hence  it  is 
I  drawn  away  against  more  powerful  forces  of 
i  attraction  than  those  with  which  the  magnet 
I  attracts  it  during  its  approach;  from  -which  it 

I  follows  that  more  work  is  spent  in  drawing  the 
i  iron  away  than  had  been  gained  in  letting  it 
»  approach  the  magnet.  The  sole  effect  due  to  this 
a  excess  of  work  is  the  magnetization  which  the 
t  iron  carries  away  with  it ;  and  consequently,  the 
n  mechanical  value  of  this  magHstization  must  be 
p  precisely  equal  to  the  mechanical  value  of  the 
b  balance  of  work  spent  in  producing  it. 

_  After  a  very  short  time  has  elapsed  with  the 
p  piece  of  soft  iron  at  a  great  distance  from  the 
n  magnet,  it  will  have  lost,  as  is  well  known,  all, 
or  nearly  all,  the  magnetization  which  it  had 
» acquired  temporarily  in  the  neighbourhood  of 
ti  the  magnet;  and  in  this  short  time  some  energy, 
"equivalent  to  that  of  the  magnetization  los"t, 

II  must  have  been  produced.  Mr.  Joule's  ex- 
|»penments  show  that  this  energy  consists  of  heat 
» which  is  generated  in  the  iron  during  demag- 
». netization;  and  we  infer  the  remarkable  con- 
cl  elusion,  that  at  the  end  of  the  process  which  has 
i«peen  described,  or  of  any  motion  of  a  piece  of  soft 
"iron  m  the  neighbourhood  of  a  magnet,  from  a 
^certain  position  and  back  to  the  same,  the  iron 
•1W1U  be  as  much  warmer  than  it  was  at  the  begin- 
'Jiiing,  as  It  would  have  been  without  any  magnetic 

.^1  tacuon.  If  it  had  received  the  heat  that  would 
»6e  generated  by  the  expenditure  of  the  same 
"amount  of  work  on  mere  friction. 
i.nint<.*'""°°M  ^^Pe''"'ent  illustrating  these  prin- 
^Sn  subjecting  a  piece  of  soft 

irfpm.     X-    .  *°  alternate  magnetizations  and 
^agnetizafons    or  reverse  magnetizations, 
of  an  electro-magnet,  and 
«b^g  the  changes  of  temperature  which  it  ex- 

SS''  ^'.'"S  ^  P^-^^^"'  any  sensible 
Set  7^"*=''°"  «f  he'^t  from  the  coils  of  the 
>v  thu  °f  "^""y^    '8  easy  to  show 

mountin.         ^n  elevation  of  temperature 
counting  to  several  degrees  centigrade,  in  a 

tie  magnetic  influence,  producing  heat  at  a 
'  ^tance  through  bodies  seemingly  insLible  to  its 
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effects,  is  known,  even  as  we  may  now  iinaghio 
"knowing"  it,  we  shall  know  that  it  is  a 
dynamical  quality— a  modincation  of  the  consti- 
tutional motions,— of  all  the  matter  occupying 
space  in  which  it  rests. 

For  theoretical  indications  regarding  reverse 
thermal  effects  which  it  is  anticipated°must  be 
experienced  by  a  body  according  as  it  is  moved 
towards   or  from  a  magnet,   see  Thermo- 

MAGNUTISM. 

The  same  considerations  are  applicable  to  the 
magnetization  of  a  piece  of  steel,  with  this  dif- 
ference, that  according  to  the  hardness  of  the 
steel,  the  magnetization  which  it  receives  in  the 
nearest  position  will  be  more  or  less  permanent, 
and  if  there  be  any  demagnetization  after  re- 
moval from  the  magnet,  it  wiU  be  much  less 
complete  than  in  the  case  of  soft  iron,  and  that 
heat  will  be  necessarily  generated  both  in  the 
magnetization  which  takes  place  during  the  gra- 
dual approach,  and  in  the  subsequent  demagne- 
tization.  Further,  by  putting  together  a  number 
of  pieces  of  steel,  each  separately  magnetized,  a 
complete  magnet  will  be  formed,  of  which  the 
mechanical  value  will  be  equal  to  the  sum  of  the 
mechanical  values  of  its  parts,  increased  or  dimin- 
ished by  the  amount  of  work  spent  or  gained  in 
bringing  them  together. 

3.  Electricity  in  Motion.~li  an  electric  cur- 
rent be  excited  in  a  conductor,  and  then  left 
without  electro-motive  force,  it  retains  energy  to 
produce  heat,  Ught,  and  other  kinds  of  mecha- 
nical effect,  and  it  gradually  falls  in  strength 
until  it  becomes  insensible,  as  is  amply  de- 
monstrated   by    the    initial    experiments  of 
Faraday  and  Henrv-,  on  the  spark  which  takes 
place  when  a  galvanic  circuit  is  opened  at  any 
point,  and  by  those  of  Weber,  Helmholz,  and 
others  on  the  electro-magnetic  effects  of  yarying 
currents.    Professor  Thomson  has  shown  how 
the  mechanical  value  of  all  the  effects  that  a 
current  in  a  closed  circuit  can  produce  after  the 
electro-motive  force  ceases,  may  be  ascertained 
by  a  determination,  founded  on  the  known  laws 
of  electro-dynamic  induction,  of  the  mechanical 
value  of  the  energy  of  a  current  of  given  strength, 
circulating  in  a  linear  conductor  (a  bent  wire,  for 
instance)  of  any  form.    To  do  this,  it  may  be 
remarked,  in  the  first  place,  that  a  current,  once 
instituted  in  a  conductor,  and  circulating  in  it 
after  the  electro-motive  force  ceases,  does  so  just 
as  if  the  electricity  had  inertia,   and  will 
diminish  in  strength  according  to  the  same,  or 
nearly  the  same,  laws  as  a  current  of  water  or 
other  fluid,  once  set  in  motion  and  left  without 
moving  force,  in  a  pipe  forming  a  closed  circuit. 
But  according  to  Faraday,  wJio  found  that  an 
electric  circuit  consisting  of  a  wire  doubled  on 
Itself,  with  tlie  two  parts  close  together,  gives  no 
sensible  spark  when  suddenly  opened,  in  com- 
parison with  that  given  by  an  equal  length  of 
wire  bent  into  a  coil,  it  appears  that  the  effects 
of  ordinary  merlia  either  do  not  exist  for  electri' 
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city  in  motion,  or  are  but  small  compared  with 
those  which,  in  a  suitable  arrangement,  are  pro- 
duced by  the  "induction  of  the  current  upon 
itself."  In  the  present  state  of  science  it  is  only 
these  efiects  that  can  be  determined  by  a  mathe- 
matical investigation;  but  the  effects  of  electrical 
inertia,  should  it  be  found  to  exist,  will  be  taken 
into  account  by  adding  a  term  of  determinate 
form  to  the  fully  determined  result  of  the  present 
investigation  which  expresses  the  mechanical 
value  of  a  current  in  a  linear  conductor  as  far  as 
it  depends  on  the  induction  of  the  current  on  itself. 

The  general  principle  of  the  investigation  is 
this— that  if  two  conductors,  with  a  current  sus- 
tained in  each  by  a  constant  electro-motive  force, 
be  slowly  moved  towards  one  another,  and  there 
be  a  certain  gain  of  work  on  the  whole,  by  electro- 
dynamic  force,  operating  during  the  motion,  there 
w'ill  be  twice  as  much  as  this  of  work  spent  by 
the  dectro-motive  forces  (for  instance,  twice  the 
ecjuivalent  of  chemical  action  in  the  batteries, 
should  the  electro-motive  forces  be  chemical) 
over  and  above  that  which  they  would  have  had 
to  spend  in  the  same  time,  merely  to  keep  up  the 
currents,  if  the  conductors  had  been  at  rest, 
because  the  electro-dynamic  induction  produced 
hy  the  motion  will  augment  the  currents;  while, 
on  the  other  hand,  if  the  motion  be  such  as  to 
require  the  expenditure  of  work  against  electro- 
dynamic  forces  to  produce  it,  there  will  be  twice 
as  much  work  saved  off  the  action  of  the  electro- 
motive forces  by  currents  being  diminished  during 
the  motion.    Hence  the  aggregate  mechanical 
value  of  the  currents  in  the  two  conductors,  when 
brought  to  rest,  will  be  increased  in  the  one  case 
by  an  amount  equal  to  the  work  done  by  mutual 
electro- dj'namic  forces  in  the  motion,  and  will 
be  diminished  by  the  corresponding  amount  in 
the  other  case.    The  same  considerations  are 
applicable  to  relative  motions  of  two  portions  of 
the  same  linear  conductor  (supposed  perfectly 
flexible).    Hence  it  is  concluded  that  the  mecha- 
nical value  of  a  current  of  given  strength  in  a 
linear  conductor  of  any  form,  is  determined  by 
calculating  the  amount  of  work  against  electro- 
dynamic  forces,  required  to  double  it  upon  itself, 
while  a  current  of  constant  strength  is  sus- 
tained in  it.    The  mathematical  problem  thus 
presented  leads  to  an  expression  for  the  re- 
quired mechanical  value   consisting   of  two 
factors,  of  which  one  is  determined  according 
to  the  form  and  dimensions  of  the  line  of  the 
conductor  in  anv  case,  irrespectively  of  its  section, 
and  the  other  is  the  square  of  the  strength  of 
the  current.    The  mechanical  value  of  a  current 
in  a  closed  circuit,  determined  on  these  principles, 
mav  be  calculated  by  means  of  the  followmg 
simple  formula,  not  hitherto  published  :— 
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very  useful  in  the  dynamical  theory  of  magneto- 
electric  machines  and  electro-magnetic  engines. 
As  an  example,  let  the  circuit  consist  of  a  length 
I  of  wire,  wrapped  in  a  helix  approximating  to  a 
succession  of  circles  on  a  cylinder  of  length  a. 
The  mechanical  value  of  a  current  of  strength  y 
flowing  through  it  is  approximately 

1 

2  a 

whatever  be  the  diameter  of  the  cj'Under,  pro- 
vided it  be  very  small  in  proportion  to  the 
length.  For  instance,  let  100  feet  of  wire  be 
wrapped  on  a  cylinder  an  inch  or  two  in  diameter, 
and  one  foot  long.  The  mechanical  value  of  a 
current  of  unit  strength  (or  a  current  which 
would  decompose  about  -^^  of  a  grain  of  water 
per  second)  flowing  through  it  is  50,000  dyna- 
mical units. 

We  must  divide  this  by  32-2  to  reduce  to 


fff  R-'dxdT/dz. 
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where  R  denotes  the  resultant  electro -mngnctic 
force  at  any  point  (a;,  y,  z).    This  expression  is 


"foot  grains,"  and  we  find  therefore  that  the 
"vis  viva,"  or  "actual  energy,"  or  "mechanical 
value"  of  the  current  in  that  case  (which  is  just 
such  as  a  very  ordinary  experimental  illustration 
might  be)  is  1550  times  as  much  as  is  produced 
by  gravity  upon  a  grain  of  water  descending 
through  one  foot.     If  we  divide  again  this 
number  by  1390,  to  reduce  to  thermal  units, 
we  find  1-12 ;  and  conclude  that  about  a  grain 
and  a  tenth  of  water  would  be  raised  in  tempera- 
ture one  degree  cent.,  by  the  spark  on  breaking 
circuit,  or  that  1,600  such  sparks  would  give  the 
same  elevation  of  temperature  to  a  quarter  of  a 
pound  of  water.    It  is  well  known  that  these 
effects  are  immensely  increased  by  inserting  so 
iron  into  the  cylindrical  space  surrounded  by  th 
coil.   The  same  theorj'  gives  complete  mdication 
for  finding  how  much,  when  experimental  deter 
minations  of  the  law  and  amount  of  magnetiz 
ation  are  complete  enough  to  supply  the  requisit 
numerical  data. 

The  following  definition  is  of  importance  i 
applications  of  the  theory  of  the  energy  of  elec 
tricitv  in  motion : — 

The  electro-dynamic  capacity  of  a  linear  con 
ductor  of  any  form  is  the  mechanical  value  of 
current  of  uiiit  strength  circulating  in  it. 

II.  Transient  Electric  Currents." 
Professor  Thomson  has  determined  the  motio 
of  electricity  at  any  instant  after  an  electrifi 
conductor  of  given  capacity  is  put  in  connecti 
with  the  earth  by  means  of  a  wire  or  other  line 
conductor  of  given  form  and  given  resisti 
power.  The  solution  is  founded  on  the  equal 
of  energy  (corresponding  precisely  to  "the  equ 
tion  of" vis-viva"  in  ordinary  dynamics),  whi 
is  sufficient  for  the  solution  of  every  mecham 
problem,  invoh-ing  only  one  variable  element 
be  determined  in  terms  of  the  time.  That  th 
is  only  one  such  variable  in  the  present  c 

!    *  Tlie  mnthemnticnl  investiRatioiis  from  which  tJi 
results  are  deduced  is  published  in  the  Phxlosopn 
I  Hagazinc,  June,  1853. 
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follows  from  two  assumptions  .which  are  made 
regarding  the  data,  namely — 

(1.)  That  the  electrical  capacity  of  the  first 
mentioned,  or  principal  conductor,  as  it  will  be 
called,  is  so  gi-eat  in  comparison  with  that  of  the 
second  or  discharger,  as  to  allow  no  appreciable 
proportion  of  its  original  charge  to  be  contained 
in  the  discharger  at  any  mstant  of  the  discharge, 
.which  will  imply  that  the  strength  of  the  current 
at  each  instant  must  be  sensibly  uniform  through 
the  whole  length  of  the  discharger. 

(2.)  That  there  is  no  sensible  resistance  to 
conduction  over  the  principal  conductor,  so  that 
the  amount  of  charge  left  in  it  at  any  instant  of 
the  discharge  will  be  distributed  on  it  in  sensibly 
the  same  way  as  if  there  was  complete  electrical 
equilibrium. 

The  results  of   the  investigation  include 
expressions  for  the  mechanical  values  of  the 
charge  left  in  the  principal  conductor,  and  for  the 
electrical   motion  in   the  discharger,  at  any 
instant,  in  terms  of  the  amount  of  that  charge, 
and  the  rate  at  which  it  is  diminishing.  The 
sum  of  these  two  quantities,  constitutes  the  whole 
electro-statical  and   electro-dynamical  energy 
in  the  apparatus,  and  the  dimmution  which  it 
experiences  in  any  time,  must  be  mechanically 
compensated  by  heat  generated  in  the  same  time. 
We  have  thus  an  equation  between  the  diminu- 
tion of  the  electrical  energy  in  any  infinitely 
small  time,  and  the  expression  according  to 
Joule's  law  for  the  heat  generated  in  the  same 
time  in  the  discharger  multiplied  by  the  mecha- 
nical equivalent  of  the  thermal  unit.    The  equa- 
tion so  obtained  is  m  the  form  of  a  well  known 
differential  equation,  of  which  the  integral  gives 
the  quantity  of  electricity  left  at  any  instant  in 
the  principal  conductor,  and  consequently  ex- 
presses the  complete  solution  of  the  problem. 
Precisely  the  same  equation  and  solution  are 
applicable  to  the  circumstances  of  a  pendulum, 
drawn  through  a  small  angle  from  the  vertical^ 
and  let  go  in  a  viscous  fluid,  which  exercises  a 
resistance  simply  proportional  to  the  velocity  of 
the  body  mo\'ing  through  it. 

The  interpretation  of  the  solution  indicates  two 
Kinds  of  discharge,  presenting  very  remarkable 
'Jistmguishing  characteristics;  a  continued  dis- 
c  large,  and  an  oscillatory  discharge,  one  or  other 
"t  which  will  take  place  in  anv  particular  case, 
in  the  continued  discharge  the  quantity  of  elec- 
tricity on  the  principal  conductor  diminishes 
'Continuously,  and  the  discharging  current  first 
"creases  to  a  maximum,  and  then  diminishes 
continuously  until  after  an  infinite  time  equili- 
"num  is  established.  In  the  oscillatory  discharge, 
tiie  principal  conductor  first  loses  its  charge  be- 
comes charged  with  a  less  amount  of  the  contrary 
>  na  of  electricity,  becomes  again  discharged,  and 
W  •  •'l^'"^''^  "^'"^  *  '^""aHer  amount  of 
^■ectncity,  but  of  the  same  kind  as  the  initial 

„n.n  °"         '"fl"'^''  mmher  of  times, 

'wt'l  equilibrium  is  established;  the  strength  of 
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the  current  and  its  direction,  in  the  discharger, 
has  corresponding  variations;  and  the  instiirits 
when  the  charge  of  either  kind  uf  electricity  on 
the  principal  conductor  is  at  the  gi-eatest,  being 
also  those  where  the  current  in  the  discharger  is 
on  the  turn,  follow  one  another  at  equal  intervals 
of  time.     Tiie  continued  or  the  oscillatory  dis- 
charge takes  place  in  any  particular  case,  accord- 
mg  to  the  "electro-static  capacity  "  of  the  principal 
conductor,  the  "  electro-dynamical  capacity  "  of 
the  discharger,  and  the  resistance  of  the  dischar|?er 
to  the  conduction  of  electricity.    Thus,  if  the 
discharger  be  given,  it  will  effect  a  continued  or 
an  oscillatory  discharge,  according  as  the  capacity 
of  the  principal  conductor  exceeds  or  falls  short 
of  a  certain  limit.    If  the  principal  conductor, 
and  the  length  and  substance  of  the  discharger' 
be  given,  the  discharge  will  be  continued  or 
oscHlatory  according  as  the  electro-dynamic 
capacity  of  the  latter,  depending  as  it  does  on  the 
form  into  which  it  is  bent,  falls  short  of,  or 
exceeds  a  certain  limit.    Lastly,  if  the  principal 
conductor,  and  the  length  and  form  of  the  dis- 
charger be  given,  the  discharge  will  be  continued 
or  oscillatory,  according  as  the  resistance  of  the 
discharger  to  conduction  exceeds  or  falls  short  of 
a  certain  limit. 

It  ought  to  be  remarked,  that  although  the 
electrical  equilibrium  is  not  rigorously  attained, 
whatever  kind  of  discharge  it  may  be,  in  any  finite 
time;  yet  practicallj',  in  all  ordinary  experimental 
cases  the  discharge  is  finished  almost  instan- 
taneously as  regards  all  appreciable  effects;  and 
the  great  obstacle  in  the  way  of  experimenting 
at  all  on  the  subject  arises  from  the  difficulty  of 
arranging  the  circumstances,  so  that  the  periods 
of  time  indicated  by  the  theory  for  the  succession 
of  yanous  phenomena  (as,  for  instance,  the  alter- 
nations of  the  charges  of  the  contrary  electricity 
on  the  principal  conductor)  may  not  be  inan"- 
preciably  small. 

It  is  not  improbable  that  double,  triple,  and 
quadruple  flashes'  of  lightning  which  are  fre- 
quently seen  on  the  continent  of  Europe,  and 
sometimes,  though  not  so  frequently,  in  this 
country,  lasting  generally  long  enough  to  allow 
an  observer,  after  his  attention  is  drawn  by  the 
first  light  of  the  flash,  to  turn  his  head  round  and 
see  distinctly  the  course  of  the  lightning  in  the 
sky,  result  from  the  disclmrge  possessing  the 
oscillatory  character.  A  corresponding  pheno- 
menon might  probably  be  produced  artificially  on 
a  small  scale,  by  discharging  a  Leyden  phia'l  or 
other  conductor  across  a  very  small  space  of  air 
and  through  a  linear  conductor  of  large  electro^ 
dynamic  capacity  and  small  resistance.  Should 
it  be  impossible  on  accomit  of  the  too  great 
rapidity  of  the  successive  flashes,  for  the  unaided 
eye  to  distinguish  them,  Wheatstone's  method  of 
a  revolving  mirror  might  be  employed,  and 
might  show  the  spark  as  several  points  or  sho't 
lines  of  light  separated  by  dark  intervals,  instead 
of  a  single  point  of  light,  or  of  an  unbroken  line 
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of  light,  as  it  would  be  if  the  discharge  were 
instaataneous,  or  were  continuous  and  of  appre- 
ciable duration. 

The  experiments  by  Riess  and  others  on  the 
magnetization  of  fine  steel  needles  by  the  dis- 
charge of  electrified  conductors,  illustrate  in  a 
very  remarkable  manner  the  oscillatory  character 
of  the  discharge  in  certain  circumstances;  not  only 
when,  as  in  the  case  with  wliich  we  are  at  present 
occupied,  the  whole  mechanical  etFect  of  the  dis- 
charge is  produced  within  a  single  linear  conductor, 
but  when  induced  currents  in  secondary  conductors 
generate  a  portion  of  the  final  thermal  equivalent. 

The  decomposition  of  water  by  electricitj'  from 
an  ordinary  electrical  machine,  in  which,  as  has 
been  shown  by  Faraday,  more  than  the  electro- 
chemical equivalent  of  the  whole  electricity  that 
passes  appears  in  oxygen  and  hydrogen  rising 
mixed  from  each  pole,  is  probably  due  to  electrical 
oscillations  in  the  discharger  consequent  on  the 
successive  sparks.*  Thus,  if  the  general  law  of 
electro-chemical  decomposition  be  applicable  to 
currents  of  such  very  short  duration  as  that  of 
each  alternation  in  such  an  oscillatory  discharge 
as  may  take  place  in  these  circumstances,  there 
will  be  decomposed  altogether  as  much  water  as 
is  electro-cheniically  equivalent  to  the  sum  of 
the  quantities  of  electricity  that  pass  in  all  the 
successive  currents  in  the  two  directions,  while 
the  quantities  of  oxygen  and  hydrogen  which 
appear  at  the  two  electrodes  will  difier  by  the 
quantities  arising  from  the  decomposition  of  a 
quantity  of  water  electro-chemically  equivalent  to 
only  the  quantity  cf  electricity  initially  contained 
by  the  principal  conductoi'.  The  mathematical 
results  lead  to  an  expression  for  the  quantity  of 
water  decomposed  by  an  oscillatory  discharge 
in  any  case  to  which  they  are  applicable,  and 
show  that  the  greater  the  electro  -  dynamic 
capacity  of  the  charger,  the  less  its  resistance, 
and  the  less  the  electro-statical  capacity  of  the 
principal  conductor,  the  greater  will  be  the 
quantity  of  water  decomposed.  Probably  the 
best  arrangement  in  practice  would  be  one 
in  which,  in  place  of  a  principal  conductor 
fulfilling  the  conditions  prescribed  above,  merely 
a  small  ball  or  knob  is  substituted,  but 
those  conditions  not  being  fulfilled,  the  circum- 
stances would  not  be  exactly  expressed  by 
the  formulaj  of  the  present  investigation. 
The  resistance  would  be  much  diminished,  and 
consequently  the  whole  quantity  of  water  de- 
composed much  increased,  by  substituting  large 
platinum  electrodes  for  the  mere  points  used  by 
Wollaston ;  but  tlien  the  oxygen  and  hydrogen 
separated  during  the  (irst  direct  current,  would 
adhere  to  the  plaiinuin  plates  and  would  be  in  part 
neutralized  by  combination  with  the  hydrogen 
and  oxygen  brought  to  tlie  same  plates  respec- 

•  This  conjecture  was  first,  It  Is  brlicvccl,  Riven  by 
Helniholz,  tiie  existence  of  electriciil  oscillntioiis  in 
inuiiy  cuscs  of  discliarge  liaving  been  indicated  by  him 
as  a  probable  conclusion  from  the  expoiinicntsof  Uicss, 
alluded  to  In  the  text. 
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lively  by  the  succeeding  reverse  current;  and  so 
on  through  all  the  alternations  of  the  discharge. 
In  fact,  if  the  electrodes  be  too  large,  all  the 
equivalent  quantities  of  the  two  gases  brought 
successively  to  the  same  electrode  will  recombine, 
and  at  the  end  of  the  discharge  there  will  be  onlj 
oxygen  at  the  one  electrode  and  only  hydrogen 
at  the  other,  in  quantities  electro-chemically 
equivalent  to  the  initial  charge  of  the  principal 
conductor.  Hence  we  see  the  necessity  of  u.shig 
very  minute  electrodes,  and  of  making  a  consider- 
able quantity  of  electricity  pass  in  each  discharge, 
so  that  each  successive  alternation  of  the  current 
may  actually  liberate  from  the  electrodes  some 
of  the  gases  which  it  draws  from  the  water. 

The  above  results  may  be  applied  to  deter-" 
mine  the  laws,  according  to  which  a  current 
varies  at  the  commencement  and  end  of  any 
period,  during  which  a  constant  electro-motive 
force,  such  as  that  of  a  galvanic  batterj',  acts  in 
a  conductor  of  given  electro-dynamic  capacity 
and  resistance,  and  to  show  how  the  relation 
between  the  electro- statical  and  electro-dynamic 
units  of  electrical  quantity  and  electro-motive 
force  may  be  experimentally  determined. 

LiducHon  Coils. — In  the  single  coil  apparatus, 
the  recipient  arc  completes  a  circuit  witii  the  in- 
duction coil.  A  battery  sends  its  current  divided 
through  the  "coil"  and  the  "recipient  arc,"  in 
quantities  inversely  proportional  to  the  resistances 
of  these  two  channels.  At  the  instant  when  tiie 
battery  circuit  is  broken,  the  current  in  the  coil, 
withitsgreatmomen?uni,overbalancesthecompara- 
tively  small  momentum  of  the  current  previously 
excited  in  the  recipient  arc  bj'  the  direct  action  of 
the  battery,  and  gives  rise  to.the  "  induced  current." 

In  the  double  apparatus — with  primary  and 
secondary  coils  —  the  impulse  induced  in  the 
secondary  coil  is  equal  in  absolute  measure  tot  he 
strength  of  the  current  stopped  in  the  priniarv, 
multiplied  by  a  co-efficient  ofinduction.  The  whole 
quantity  of  the  current  which  it  produces  is  equal 
to  its  own  measure  divided  by  the  resistance  in  th 
whole  circuit  of  secondary  coil  and  lecijiient  arc 
The  more  sudden  the  stoppage  of  the  primary-  cur 
rent,  the  more  intense  and  the  shorter  in  duraiioi 
is  the  shock  in  the  secondary,  and  hence  alon 
the  improved  efTect  produced  by  p'izeau's  ad>li 
linn  of  the  condenser. 

References:  Joule,  Pfiilosopfiical  Mngazir.e 
Proceedings  Royal  Society,  and  Proceedings  Man 
Chester  Philosophical  Society;  various  article 
ironi  1840  to  recent  dates  —  especially  (1 
"Generation  of  Heat  by  Electricity ;  "  (2),  "O 
the  Heat  of  Electrolysis;"  (3),  ""On  the  Calo 
rific  effects  of  Magneto-elecfricity  and  fheMeclr 
rical  value  of  Heat."  Helniholz,  "Erhaltun 
der  Kraft,"  Berlin,  1847.  Grove,  "  Correlatio 
of  the  Physical  Forces  "  Tlionison,  Papers 
fcrred  to  above;  also,  "  Jlechanica!  Tlieory 
I'.lectrolysis,"  and  "  Apjilications  of  the  Pri 
ciplcs  of  Mechanical  l-llTect,  fee";  Philusoi>htv 
Magazine,  Dec,  1851. 
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inn^nctisui  of  Skips.    See  VARIATION  OF 
Compass. 

ITInjiiietii^in,  Terrestrial.  It  Las  long  been 
known  that  the  Globe  as  a  ivhole  exerts  certain 
magnetic  influences,  enabling  it,  for  instance,  to  act 
on  a  freely  suspended  magnetic  needle,  in  a  manner 
\arying  (within  certain  limits)  with  the  locality 
where  the  needle  is  placed.  All  effects  of  Terres- 
fri;d  Magnetism,  however  varied  the}'  appear,  are 
indeed  ultimately  referable  to  some  one  of  the 
changes  indicated  by  the  Xeedle ;  which  changes 
mny  therefore  be  taken  as  the  cardinal  phenome- 
non of  the  subject.  Now,  this  phenomenon,  al- 
tliough  in  itself  simple  and  indivisible,  becomes 
more  palpable,  if  at  first  we  regard  it  under  three 
aspects —  I.  Let  a  steel  bar  or  needle  be  magnet- 
ized by  the  ordinarj'  processes,  and  its  centre  of 
gravity  then  detected.  If  it  be  freely  suspended 
by  that  centre,  or  placed  as  below  on  the  top  of 
a  pointed  support,  so  that  it  may  swing  freely 
and  assume  any  direction,  it  will  be  found  that, 
1  in  every  locality,  the  needle  chooses  a  certain 


I 


Fig.  1. 


'lirection;  it  first  oscillates  round  that  direction 
^as  the  pendulum  does  from  side  to  side  of  the 
direction,  of  gravity— and,  finally,  returns  and 
'■•;rU  there.  Spealdng  roughly,  this  natural 
'lirection  of  the  needle  is  from  South  to  North: 

I-  klT'!!!''''^^®''''  general  coincide  with 

^    he  Geographical  Meridian,  but  deviates  from  it 
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ly  an  angle  termed  the  Magnetic  Declinalion.  The 
^■'6  along  which  the  needle  really  does  point,  may 
■^called  tlie  Marjufliic  Meridian.— U.  Take  next 
»Q  unmagnelized  steel  needle,  and  pass  through 
t8  centre  of  gravity  a  horizontal  axis :  if  the 
-nos  of  that  axis  be  placed  on  horizontal  supports, 
ne  needle  will  necessarily  assume  a  horizontal 
'oaition  whatever  be  its  direction  relative  to  geo- 
^aphical  or  magnetic  meridians.  Let  tlie  needle 
'e  now  magnetized,  and  replaced  on  its  supports: 
f*'HT.^vf  'l"''^     *  "cw  description  im- 

■ilSl  ^u'^PP''"'"'-  ""^r'°  'I'^t  of  magnet- 

PPf^ng  the  bar,  cannot,  of  course,  have  changed  the 
Molu  e  ffrovity  or  weight  of  eitlicr  of  its  arms ; 
i-vertheless,  it  no  longer  retains  the  borizontnl 
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position ;  one  end  of  it  seems  to  have  been  made 
heavier  than   the  other,  for  that   end  dips. 
This  phenomenon  is   represented  in  fig.  2. 
The  needle  thus  suspended  is  called  the  dipping 
needle;  and  the  apparatus  now  ejchibited  is 
planned  to  measure  this  inclination  or  dip — in 
Dtiier  words,  the  angle  separating  the  lower  end 
of  tlie  needle  from  the  horizontal  point.    The  in- 
strument delineated  below  (fig.  2),  has  a  motion  in 
azimuth  round  a  vertical  axis  l  ;  and  the  posi- 
tion of  the  needle  in  azimuth,  or  relative  to  the 
geographical  meridian,  is  noted  on  the  graduated 
circle  o,  o,  o,  by  a  vernier  or  microscope  at  k. 
If  the  needle  itself  were  free  to  move  in  azimuth 
(which  the  mode  of  its  suspension  absolutely  pro- 
hibits), it  -would  undoubtedly,  besides  dipping, 
assume  the  direction  of  the  declination  needle. 
Turn  round  the  instrument  on  the  axis  l,  until 
the  needle  be  in  the  declination  plane,  and  we 
shall  then  have  it,  in  all  respects,  freely  under 
the  influence  of  the  Terrestrial  Magnetic  Force. 
The  deviation  of  the  lower  end  of  the  needle 
from  the  horizontal  point,  under  these  circum- 
stances, is  the  true  or  absolute  dip  or  inclinaticn, 
characteristic  of  the  locality  and  time  at  whicli 
the  observation  is  made.    If  the  instrument  is 
turned  in  azimuth,  so  that  tlie  plane  of  the  needle 
lie  at  right  angles  to  the  magnetic  meridian,  the 
Declination  Force  VfQl  manifestly  be  nullilied,  and 
we  shall  find  the  needle  pointing  vertically  in 
absolute  obedience  to  the  Inclination  Force; — 
between  which  position  and  tliat  of  the  declination 
plane,  the  departure  of  the  needle  from  the  hori- 
zontal necessarily  varies  according  to  the  azimuth 
of  the  plane  to  which  it  is  constrained.  These 
are  the  two  elements  or  manifestations  by  which 
the  direction  of  the  Terrestrial  Mii^netic  Force  is 
determinable ;  but,  as  has  been  already  indicated, 
they  are  not  separate  elements ;  on  the  contrary, 
their  apparent  separation  is  tlie  mere  result  of 
convenience  as  to  the  best  means  of  determining 
them.    The  free  position  of  the  dipping  needle, 
when  its  plane  has  the  suitable  azimuth,  repre- 
sents by  itself  the  total  directive  efl'ect  of  the 
Terrestrial  Magnetic  Force.— III.  There  must, 
however,  be  a  third  element  connected  with  this 
Force,  wiiich  it  is  most  needful  to  know.  The 
foregoing  elements  mei-ely  inform  us  of  the  line 
along  which  that  Force  acts  in  diflerent  localities; 
they  throw  no  light  whatever  on  its  magnitude  or 
intensity.    Let  its  power  be  small  or  great,  the 
needle  would  deflect  and  dip  ]irecisely  in  the 
observed  directions, — ^just  as  a  stone  would  fall 
along  the  vertical  to  the  surface  of  the  earth, 
whatever  the  size  of  our  planet  or  tlio  amount  of 
gravity  belonging  to  it.   The  third  essential  cle- 
ment of  our  general  Telluric  phenomenon,  there- 
fore, is  this  Intensity.    And  it  is  clear  tiiat  when 
the  Declination,  Inclination,  and  Intensitj',  are 
determined  for  any  given  place,  the  effective 
action  of  Terrestrial  ]\lagiiotism  at  that  place  has 

been  experimentally  valued  and  defined  An 

inquiry  whose  conditions  and  uiina  are  thus  easily 
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narrated,  might  seem  a  simple  and  circumscribed 
one.  But  tlie  subject  of  Terrestrial  Magnetism 
is  now  one  of  the  widest  in  Physics ;  it  has  some- 
times occupied  inmiense  enterprises ;  and  it  is 
rapidly  leadmg  us  into  presence  of  profound 
cosmical  relations  of  our  Globe.  In  the  sequel 
of  this  paper  we  sliall  examine  the  character  of 


the  researches  which  this  inquiry  has  originated ; 
describe  the  accessible  modes  of  conducting  tliese 
researches ;  narrate  the  efforts  alreadj'  expended 
in  this  direction  alike  by  individuals,  associations, 
and  governments ;  and  record  the  general  Laws 
which  have  been  established,  as  well  as  the  nature 
of  others  to  which  our  present  yet  imperfect 
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knowledge,  appears  to  point.  Our  es5ay  shall 
terminate  with  a  brief  notice  of  Theories  of 
Teri-totrial  Magnetism. 

I. 

Modes  of  Determimno  the  Elements  of 
THE  Tellduic  Magnetic  Force  at  any  one 

PI,ACB,  AS  WELL  AS  Tlli;m  DISTURBANCES  OR 

Variation."?. — An  endeavour  to  give  satisfactory 
accounts  of  the  various  instruments  emploj'ed 
lit  (llfferent  times,  in  determining  the  essential 
elements  of  the  earth's  Magnetic  Force,  would 
lead  us  quite  boyond  present  limits.    SufSce  it. 


that  although  many  of  these  older  instrume 
were  admirable  as  to  construction — issuing  fr 
the  workshops  of  Troughton  of  London,  Ga 
bey  of  Paris,  &c.,  they  were  in  nowise  unifo 
either  as  to  plan  or  delicacy,  and  were  also 
the  most  part  unsuited  to  play  an  equal  part 
determining  the  absolute  A'alues  of  the  Elem 
and  the  Variations  to  which  every  one  of  thes 
subject.    An  entire  change  in  our  instnime' 
means,  and,  indeed,  in  our  general  method  of 
quiry,  was  proposed  by  tlie  ilhistrious  Ga 
between  the  years  of  1832  and  183G,—  a  ch 
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npnrt  from  which  or  some  equally  eflbctive  pro- 
posal, the  modern  and  greatest  era  in  the  history' 
of  Teirestrial  Magnetism,  could  not  have  been 
inaugurated.    Discernhig  that  it  was  not  neces- 
sary for  the  object  of  science,  that  the  tliree  fore- 
going essential  elements  should  be  determined 
separately  and  directly,  provided  they  could  be 
determined  indirectly  or  mediately  with  greater 
accuracy  and  convenience.  Gauss  wholly  aban- 
doned part  of  the  old  method  of  inquiry.  Although 
the  element  of  the  Inclination  or  Dip  for  in- 
stance, msj  be  ascertained'by  direct  observation 
with  some  facility,  the  usual  or  even  any  possible 
form  of  Inclination  Needles  does  not  render  them 
suitable  for  giving  nice  indications  of  the  passing 
variations  of  that  element.    But  the  element  of 
the  Intensity  may  be  resolved  into  two  rectan- 
gular components— viz.,  the  Horizontal  Intensify, 
and  the  Vertical  Jntensittj^— components,  for- 
tunately, capable  of  being  ascertained  with  com- 
parative minuteness  and  ease :  and  it  is  evident 
that  if  these  are  fixed,  their  resultant  or  the  total 
iutensity  is  known,  as  well  as  its  direction;  which 
latter  is  identical  with  the  direction  of  the  Dip- 
ping Needle,  or  with  the  angle  of  the  Inclination 
itself.  We  shall  briefly  describe  the  three  primary 
instruments,  eonstracted  by  Gauss,  in  accordance 
with  the  foregoing  views,  and  also  indicate  the 
mode  of  using  them. 
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1.   Tlie  Declinometer,  or  Declination- Mag 
I  netometer.—T\ds  fine  instrument  consists  essen- 
I  daily  in  a  Magnetic  Bar  of  high  directive  force, 

•  suspended  at  its  centre  of  gravity  by  a  very 
"  long  thread,  and  protected  carefully  from  all  dis- 
■  turbance  origmating  ia  aerial  currents,  by  being 
;  judiciously  enclosed   The  position  of  such  a  bar 

•  can  be  the  resultant  of  only  two  directive  forces, 

 viz.,  that  acting  in  the  Magnetic  meridian  of 

:  the  place,  and  the  torsion  of  the  suspending  thread. 
'  For  the  elimination  of  all  the  force  of  torsion  that 

•  could  be  diminated,  and  the  measurement  of  what 
■!  inevitably  remained,  the  Inventor  provided  simple 
»  and  effective  expedients;  so  that  the  position  of 
:  the  bar  might  be  finally  held  to  indicate  simply 

•  and  purely  the  declination  of  the  free  needle.  But 
1  the  most  valuable  and  original  portion  of  this 
'  apparatus— as  in  fact  of  all  the  instruments  in- 
*^  *ugurated  by  Gauss  in  relation  to  such  purposes 
-—consists  in  its  peculiar  adaptation  to  nicest 

^termnations  of  the  position  of  the  magnetic  bar 
'U  any  g,ven  monmnt  of  time.  This  measurement 
«s  eflected,  m  the  following  way,  by  a  theodolite 
placed  at  a.  considerable  distance  from  the  bar  :— 
/he  bar  itself  carries  a  small  mirror,  nicely  ad- 
justed on  its  extremity  nearest  the  telescope: 
and  at  the  object  end  of  the  telescope  a  scale  of 
equa.  parts  is  placed  horizontally,  in  such  a  man- 
ner, that  Its  image,  reflected  bade  from  tlie  mirror, 
can  be  read  through  the  telescope.  It  is  scarcely 
necessary  to  say  that  the  division  of  the  reflected 
scale,  comcidingwith  the  optical  axis  of  the  tele- 
«op«'  m"«t,  if  the  latter  be  rightly  adjusted,  in- 
"waie  at  any  time  the  (^imuth  of  the  magnetic 


bar;  but  it  ought  to  be  added,  that  the  eflTect  of 
tlie  arrangements  now  indicated,  is  such,  that  tlie 
azimuth  in  question  may  be  determined  to  tentlis 
of  seconds  of  space.  Referring  for  further  details 
as  to  construction,  &c.,  to  Gauss's  own  memoir, 
reported  in  the  second  volume  of  Taylor's  Scien- 
tific Memoirs,  we  proceed  to  indicate  the  mode  in 
which  the  admirable  instrument  now  described 

fulfils  its  three  gi-and  puriwses  1 .  The  azimuth 

of  the  Needle,  or  the  momentary  direction  of  the 
Magnetic  meridian,  can  thus,  as  we  have  jast 
indicated,  be  at  any  instant  precisely  fixed. 
The  method  proposed  by  Gauss,  and  universallv 
adopted,  is  as  follows :— The  Magnetic  bar,  al- 
though constantly  in  motion,  must  j'et  at  any 
given  moment  oscillate  regularly  on  "either  side 
of  the  magnetic  meridian  at  that  moment.  Now, 
as  the  time  occupied  by  these  oscillations  (sup- 
posing the  horizontal  intensity  invariable  for  the 
moment),  is  as  uniform  as  that  of  the  oscillations 
of  a  pendulum,  it  is  clear  that  the  mean  of  any 
two  positions  of  the  needle  corresponding  to  two 
instants  separated  by  an  interval  of  time  exactly 
equal  to  the  time  of  an  oscillation,  must  coincide 
with  the  magnetic  meridian  at  that  moment.  Or, 
to  make  the  determination  as  accurate  as  it  can 
be  made,  suppose  it  were  required  to  fix  the 
magnetic  meridian  from  any  given  moment  t, 
and  suppose  t  the  ascertained  time  of  an  oscilla- 
tion, then  if  the  degree  on  the  scale  corresponding 
^vith  the  optical  axis  of  the  telescope  be  marked 
for  such  successive  times  as 

T  —  ^t,T  —  ^t,T  —  it, 

the  mean  of  these  will  give  the  time  t  and  tht 
coiTesponding  mark  on  the  scale  as  required.  In 
this  simple  manner— simpler  in  practice,  even  thau 
in  description— the  absolute  position  of  the  Mag- 
netic meridian  can  be  ascertained  by  Gauss's 
instrument  for  any  moment;  and  through  its 
remarkable  efficiency,  facts  have  been  already 
accumulated  in  distant  regions  of  the  globe,  quite 
as  worthy  to  serve  as  foundations  in  our  research 
of  the  laws  of  Horary,  Seasonal,  and  Secular  Va- 
riations in  the  Magnetic  Declination,  as  any  that 
have  been  accumulated  respecting  the  diurnal  or 
annual  progress  of  Terrestrial  Temperature.— 2. 
But  another  object  is  required  to  be  accomplished 
by  any  Declinometer,  than  that  it  should  indicate 
momentary  or  horary  variations.  It  is  needful  to 
ascertain  the  mean  or  absolute  Declination  of  the 
Needle  at  the  place.    This  aim  was,  of  course, 
readily,  although  roughly,  fulfilled  by  the  con- 
nection of  the  tlieodolite  with  a  well  ascertained 
meridian-marh ;  but  the  more  delicate  question 
stUl  remained  as  to  the  mode  of  eliminatmg  (he 
minuter  horary  and  seasonal  variations.    It  is 
impossible  to  do  this  absolutely.    We  cannot 
determine,  otiierwise  than  approxiinatelj-,  tlie 
mean  temperature  of  a  day  or  a  montli  or  a 
year,  on  the  basis  of  observations  at  fixed  inter- 
vals. But  a  series  of  exccaieut  discussions  enabled 
(iauss  to  conclude  that  tlie  mean  of  the  magnetic 
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meridians  tnken  at  eight  in  the  morning  and  atone 
in  the  afternoon,  might  be  assumed  as  the  abso- 
kite  Magnetic  Declination  of  the  year.  Rather 
unfortunately,  in  some  important  respects,  the 
time  by  which  observers  reckoned  in  all  the  ela- 
borate system  of  Observations  soon  to  be  noticed, 
was  Gottingen  mean  lime: — it  ought  to  have 
been  Apparent  Solar  Time.  Nevertheless,  the 
mean  Magnetic  Declination  has  now  been  deter- 
mined absolutely  for  various  and  distant  places; 
and  we  have  obtained  data  from  which  to  start 
in  all  future  speculation  as  to  secular  variations. 
— 3.  The  Declinometer  is  also  the  best  instru- 
ment for  determining,  in  absolute  measure,  the 
Horizontal  component  of  the  earth's  Magnetic 
Intensity.  Exactly  as  the  periods  of  the  oscil- 
lations of  an  Invariable  Pendulum  enable  us  to 
compare  the  force  of  Gravity  at  different  places 
on  our  globe's  surface,  the  periods  of  the  oscilla- 
tions of  a  freely  suspended  invariable  Magnet 
would  yield  similar  conclusions  as  to  the  Hori- 
zontal Magnetic  Force.  But  although  this  easy 
method  has  still  to  be  mainly  relied  on,  as  to  the 
magnetic  influence  manifested  at  places  not  easily 
accessible,  it  is  evident  that  it  cannot  answer  the 
purposes  of  perfectly  accurate  Science,  because  no 
practical  means  exist  of  ensuring  the  invari- 
ability of  the  proper  Magnetism  of  the  oscillating 
bar.  The  attention  of  inquirers  accordingly  turned 
to  the  research  whether  a  method  could  be  de- 
vised of  readily  determining  for  each  separate 
locality,  the  absolute  instead  of  the  comparative 
value  of  the  element  in  question ;  and  Gauss 
finally  originated  a  process  which  with  some 
modification  has  since  been  universally  adopted. 
The  process  in  principle  is  this : — First,  observe 
the  time  of  vibration  of  a  freely  suspended  hori- 
zontal magnet  under  the  influence  of  the  Earth 
alone, — this  will  give  the  product  of  the  hori- 
zontal component  of  the  Earth's  magnetic  force, 
into  the  moment  of  the  free  magnetism  of  the  bar. 
Secondly,  employ  this  same  magnet  to  act  upon 
another  also  freely  suspended,  and  note  the  effects 
of  its  action  combined  with  that  of  the  Earth,— 
this  wiU  give  the  raiio  of  the  same  quantities  whose 
product  had  just  been  discovered:— whence  by 
easy  calculation,  the  value  in  absolute  measure  of 
the  Horizontal  Intensity.  Gauss  placed  the  de- 
flecting magnet,  with  its  axis  in  a  right  line 
passing  through  the  centre  of  tlie  suspended  bar 
of  the  magnetometer  and  perpendicular  to  the 
magnetic  meridian,— in  which  case  the  tangent 
of  the  angle  of  deflection  is  equal  to  the  ratio  of 
two  forces ;  and  it  merely  remained  to  deduce 
from  that  ratio,  the  ratio  of  the  magnetic  moment 
of  the  deflecting  bar  to  the  earth's  force.  For 
details  the  student  is  referred  to  Gauss's^  own 
essay,  Intensitas  vis  magnelicce.  terresiris  ad 
wmsuram  ahsolulam  revocata"  or  to  other  admir- 
able memoirs  bv  Professors  Lloyd  of  Dublin,  and 
Lamont  of  Munich.  The  valuable  collections  of 
Mr.  Richard  Taylor,  are  also  quite  a  repertory  on 
this  unnortant  subject. 
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2.  The  Bijilar  Magnetometer. — Tlie  instrn- 
ment  thus  designated  has,  for  its  exclusive  object, 
to  determine  the  variations  of  the  horizontal  com- 
ponent of  the  Terrestrial  Magnetic  Force — that 
component  whose  absolute  amount  may,  as  we 
have  just  seen,  be  found  at  any  time  by  aid  of 
the  Declinometer.  It  is  simple  in  principle,  easy 
of  management,  and  in  accuracy  all  that  can  bo 
desired.  It  sprinciple  is  as  follows : — Suppose  a 
strongly  magnetized  bar,  constrained  into  a  posi- 
tion at  right  angles  to  the  magnetic  meridian,  it 
is  plain  that  the  horizontal  Magnetic  Force  will 
act  with  all  its  energ}',  and  under  the  most  ad- 
vantageous circumstances,  to  drag  the  bar  out  of 
this  transverse  position  and  towards  its  natural 
one,  which  of  course  is  coincident  with  the  mag- 
netic meridian  of  the  place.  Now,  the  contesting 
or  constraining  force,  is  the  force  of  torsion,  ap- 
plied in  a  way,  the  merit  of  suggesting  which  is 
unquestionably  due  to  Sir  William  Snow  Harris. 
The  magnet  bar  is  suspended  by  two  equi-distaut 
wires,  two  ends  of  which  are  attached  to  its  sides 
at  its  centre  (the  bar  lying  flat'),  and  the  upper 
ends,  to  the  opposite  sides  of  a  circle  whose  dia- 
meter is  equal  to  the  breadth  of  the  bar,  and 
which  can  be  turned  round  its  centre.  The 
amount  of  constraining  force  that  can  thus  be 
exercised  on  the  position  of  the  magnetic  bar,  is 
evidently  very  great ;  and  no  large  quantity  of 
torsion  communicated  by  turning  the  upper  circle, 
suffices  to  place  that  bar  at  right  angles  to  the 
magnetic  meridian.  It  is  clearly  within  reach  of 
computation  to  determine  exactly  this  force  of 
torsion,  whatever  be  the  position  of  the  bar ;  and 
as  the  intensity  of  the  earth's  horizontal  magnetic 
force,  is  the  only  power  opposed  to  it,  or  which 
can  make  the  bar  shift,  it  is  easy  to  see  that 
these  shiftings  of  the  bar,  accurately  measured, 
must  directlj'  indicate  tlie  variations  of  that  force. 


To  effect  the  requisite  measurements.  Gauss  ap- 
plied the  same  methods  which  had  been  found  so 
effective  in  tlie  ca5e  of  the  Declinometer ;  but  we 
must  refer  to  the  memoirs  of  this  distinguished 
geometer  and  of  his  companion  Weber — to  the 
contributions  of  Dr.  Lloyd — and  very  especially 
to  the  unrivalled  labours  of  the  Observatory  of 
Greenwich,  for  details  as  to  the  precautions 
required,  and  the  corrections,  essential  to  the 
reduction  of  the  primary  observations.  Suffice 
it,  that  through  aid  of  science  and  personal  skill,  ' 
the  observer  is  now  omnipotent  hero.  Not  a  ves-  i 
tige  of  change,  impressed  by  any  cause,  on  the  I 
horizontal  component  of  the  Earth's  Magnetic  i 
Force,  can  at  present  escape  him. 

3.  The  Balance  Magnetometer.— The  object 
of  this  IMagnetometer,  is  correlative  with  that  of 
the  Bifilar  Instrument.  It  proposes  to  note  and 
estimate  the  momentary  variations  of  the  Vertical 
component  of  the  total  Magnetic  Force.  It  has 
been  already  indicated  that,  placed  in  a  plane  at 
rigiit  angles  to  the  plane  of  the  Jlagnetic  Meri- 
dian, the  position  of  the  neetlle  must  always  be 
the  vertical  one,  unless  at  the  Magnetic  Equator, 
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n  here  the  laws  of  gravity  alone  are  obeyed  by  it. 
Turn,  then,  an  energetic  Inclination  Needle  "into 
-.  this  plane,  and  load  one  arm  of  it  until  the  needle 
.1  aiisume  the  horizontal  position.    The  bar  will 
clearly  diverge,  upwards  or  downwards,  from  the 
!i  horizontal  line,  just  as  the  vertical  component 
force  changes;  and  by  aid  of  a  mirror  placed  on 
iiits  axis  capable  of  reflecting  scales,  the  most  eva- 
r  nescent  of  these  variations  may  be  observed  as 
<  acom-ately  as  has  been  shown  "to  be  practicable 
■with  the  other  elements  we  have  discussed. — See 
again  the  Memoirs  of  Professor  Lloyd. 

The  scheme  of  observing,  as  detailed  above, 
:and  as  inaugurated  by  Gauss,  evidently  requires 
.ibut  one  supplementing,  so  that  it  be  complete. 
SNo  provision  is  made  for  determining  the  absolute 
vertical  force.  But  with  a  clear  determmation 
»ft)f  the  horizontal  component  in  absolute  measiu-e, 
iihis  latter  may  be  inferred  from  absolute  deter- 
nminations  of  the  Inclination.  And  although 
variations  of  Inclination  cannot,  be  correctly  or 
aonveniently  found  by  ordmarj-  Inclination  ia- 
tstmments,  this  absolute  determination  is  not 
lilifBcult.  The  whole  phenomena  therefore  are 
low  within  reach  of  science. 

II. 

The  Eaxge  of  Observation  now  accom- 
.'ijsHED.— It  is  impossible  to   nairate  here, 
low  much  the  science  of  Terrestrial  Magnetism 
Bwes  to  the  earlier  observers ;  in  which  class 
we  mclude  aU  who  wrought  previous  to  the 
aenod  of  the  Reform  by  Gauss.    Manv  able 
«en  from  Halley's  time  downwards,  using  well 
«ieir  opportunities,  have  combined  to  establish 
tacts  of  paramoimt  importance  towards  the  dis- 
iwvery  of  the  Laws  of  this  remarkable  influ- 
wice.  Let  us  name  especially  Wilcke,  Hansteen, 
o^ossel,  Duperrey,  Erman,  Barlow,  Sir  James 
Ularke  Ross,  and  Colonel  Edward  Sabine.  But 
mat  invention  of  uniform,  competent,  and  acces- 
*t)le  instruments,  which  has  just  been  commem- 
"fated,  opened  a  field  much  too  extensive  for  cul- 
wre  by  separate  efforts ;  inasmuch  as  it  rendered 
f  practicable  to  pursue  continuous,  systematic, 
fa  related  observations  in  very  different  and  re- 
*ote  places  on  the  Earth.    A  societv  of  private 
wswvers,  headed  and  urged  on  bv  Gauss,  early 
»ntronted  the  arduous  enterprise.    This  society 
•popted  the  system  pursued  at  Gottingen  as  their 
■^nnal  one;  and  its  members  wrought  effectively 
'tl  m  hannony.    Many  important  conclusions 
ere  soon  arrived  at.    Certain  general  laws  ap- 
■areu  to  da^vn;  the  simultaneity  of  magnetic 
•rturbations  within  considerable  districts,  was 
ntirmed,  as  well  as  the  influence  of  distant 
"Was.     But  no  earnestness  of  private  en- 
avour,  no  energy  of  personal  enthusiasm,  was 
•equate  to  cope  with  a  problem  essentiallv  so 

cm«      ?■  ^^''^  '"^^'■•y  5^  not  li"'ited 

one  continent,  but  embraces  the  entire  globe; 

.  Iv  thJ^'^fT'"'^.,  of  it.  could  issue 

•  ft  n  '^'"'"S  and  effective  aid  of  the 

•»t  powerful  governments  of  the  world.  In 
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1819,  the  illustrious  Humboldt,  under  a  sense 


of  this  necessity,  applied  for  the  interference  of 
the  Emperor  of  Russia;  and,  with  such  success, 
that  magnetic  establishments  were  immediately 
formed  in  different  parts  of  the  Russian  Empire 
— as  far  as  China.     Assisted  by  the  Royal 
Society  of  London  and  the  British  Association 
for  the  Advancement  of  Science,  the  same  cele- 
brated and  persevering  individual  afterwards  laid 
the  case  and  its  claims  before  the  British  Govern- 
ment ;  and  the  memorial  was  responded  to  with 
alacrity,  promptness,  and  liberality.    Two  com- 
plete magnetic  Obsei-vatories  were  established  at 
Dublin  and  Greenwich  ;  and  for  distant  stations, 
those  places  were  chosen  that  seemed  likely  to  be 
the  theatres  of  the  more  critical  variations  of 
magnetic  action, — places  in  opposite  positions  in 
respect  to  the  magnetic  Poles  and  to  the  magnetic 
and  geographical  Equators.     One  observatory 
thoroughly  appomted  was  established  at  Toronto 
m  Canada;  another  at  Van  Diemen's  Land; 
places  almost  antipodal,  and  therefore  influenced 
by  opposite  seasons,  and  in  the  neighbourhood 
besides  of  the  two  points  of  maximum  magnetic 
Energy.    A  third  station  was  the  Cape  of  Good 
Hope—a  point  long  recognized  as  remarkable  for 
the  well-pronounced  secular  change  of  the  mag- 
netic elements  there  :  and  the  fourth  observ-af  or v 
was  established  at  St.  Helena,  an  island  in  im- 
mediate proximity  with  the  magnetic  and  geo- 
graphical Equators,  and  near  the  line  of  mini- 
mum force.    The  instruments  supplied  to  these 
Observatories  were  of  the  best  dimensions,  as 
that  question  was  understood  at  the  time ;  and 
no  available  contrivance  or  expense  was  spared 
to  endow  them  with  the  highest  precision.  A 
considerable  military  service,  under  the  general 
direction  of  Colonel  Sabine,  was  organized  at  each 
station ;  and  the  observers  succeeded  each  other, 
so  that  there  was  no  interruption  of  work  by  dav 
or  mght.     The  action  at  all  the  places  was 
simultaneous— being  regulated  by  Gottingen  time. 
At  first,  observations  were  made  once  every  two 
hours;  afterwards  at  every  Gottingen  hour;  and 
when  extraordinary  perturbations  were  noticed  in 
the  needle,  its  positions  were  marked,  at  least, 
eveo'  five  minutes.    Regular  work  was  sustained 
in  all  these  obsei-vatories  for  several  years— in  no 
case  for  less  than  five  years.    Not  less  important 
were  the  efforts  of  the  Russian  Government. 
The  results  of  the  labours  of  the  commission 
placed  under  direction  of  M.  Kupffer,  and  con- 
ducted in  exact  agreement  wth  the  foregoing 
system,  fill  up  many  volumes— besides  the  special  ' 
one  published  in  1852,  containing  the  pure  or 
reduced  observations  made  at  Petersburg,  Cat- 
terinenburg,  Barnaoul,  Nertchinsk,  and  Sitka. 
Add  to  these,  the  stores  accumulated  in  Italy ;  in 
Germany,  especially  by  Gauss,  Weber,  and  Lam- 
ont;  in  Holland,  Sweden,  and  the  United  States 
of  America;  m  Brussels  by  the  indefatigable 
Quetelet ;  and  the  long  series  made  at  Paris  bv 
tlie  illustrious  Arago.    Nor  in  enumerating  the 
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sojirccs,  from  which  gL'iieral  Laws  may  now  be 
deduced,  can  we  omit  to  refer  to  private  obsen^ers, 
--foremost  among  wliom  stands  the  venerable 
Sir  Thomas  Makdougall  Brisbane,  to  whose  ever 
N'.'akeful  munificence  we  owe  the  valuable  vol- 
umes from  Makerstoun.  Much  more  had  to  be 
accomplished,  however,  than  the  simple  collec- 
tion of  rude  facts.  As  in  the  case  of  Astronomj' 
every  one  of  these  Aicts  had  to  be  reduced  or 
puritied,  before  its  effective  significance  could  ap- 
l)ear ;  and  the  reduced  facts  themselves  required 
then  to  be  classified,  compared,  and  discussed, 
^lany  Physicists  in  the  various  countries  named, 
have  laboured  with  high  success  in  this  depart- 
ment ;  but  it  were  wrong  not  to  signalize  the 
very  great  debt  under  ^vhich  the  whole  subject 
of  Terrestrial  Magnetism  lies  to  Colonel  Edward 
Sabine.  Under  liis  able  directions,  the  vast  con- 
tributions of  all  the  British  observatories,  have 
been  brought  into  a  manageable  shape, — their 
bulk,  when  reduced,  filling  many  quarto  volumes. 
To  these  volumes  Colonel  Sabine  has  prefixed 
valuable  introductions,  as  well  as  graphical  re- 
presentations of  the  variations  at  each  place. 
Tliese  variations  he  has  compared  also  with  those 
recorded  in  other  parts  of  the  world ;  and,  the 
whole  task  has  been  accomplished  not  only  ■with 
remarkable  sagacity,  but  also  with  a  freedom 
from  theoretical  bias  of  rarest  occurrence,  al- 
though most  necessary  when  one  undertakes  to- 
lay  foundations  for  the  first  or  empirical  Laws  of 
any  Science.  This  extensive,  complex,  and 
powerful  organization  has  in  the  meantime  sus- 
pended its  labours.  The  reason  for  temporary 
suspension,  is  thoroughly  satisfactor}'.  At  the 
commencement  of  this  great  work,  no  exact  laws 
or  even  outlines  or  foreshadowings  of  exact  Laws 
in  Terrestrial  ISIagnetism,  could  safely  be  said  to 
have  been  ascertained.  The  best  mode  of  ob- 
serving therefore,  so  that  the  highest  or  absolute 
laws  be  reached,  was  likewise  necessarily  un- 
known. Now  the  ground  is  clearedj  or  at  least 
in  the  act  of  being  so ;  and  no  long  time  can 
elapse,  ere  those  special  points  shall  come  out, 
towards  the  definition  of  which,  future  observa- 
tion ought  to  be  directed.  Doubtless  our  In- 
quirers will  then  start  afresh,  if  with  restricted, 
certainly  with  more  direct  and  definite  aims,  and 
with  means  adjusted  to  the  new  and  special  task. 
]\Iean while  Greenwich  and  a  few  cardinal 
stations  continue  their  activity—  having  bestowed 
on  their  former  instrumental  resources,  the  in- 
estimable advantage  of  self-registry  by  photo- 
gi-aphy. — In  the  following  sections  of  this  article 
we  shall  describe  those  general  Laws,  whose  dis- 
covery has  been  the  first  fruits  of  all  these  ela- 
borate and  meritorious  investigations.  The  seed 
80wn  so  carefully  has  certainly  not  remained 
barren  in  the  ground. 

III. 

General  Kksui.ts  of  Observations  con- 
cKitxiNO  TUB  Magnetic  Force  of  the 
Earth  The  important  subject  now  to  occupy  ■ 
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us,  admits  of  divi.sion  into  two  distinct  parts;  — 
i\\<i  first  taking  account  of  all  information  iiitherto 
obtained  regarding  the  Mean  Values  of  tiie  Three 
Magnetic  Elements,  viz.,  tlie  Declvialion,  tlie  Dip, 
and  the  Intensity,  and  of  their  apparent  secular 
variations; — the  second  recording  the  Laws  in 
dicated  or  ascertained,  which  seem  to  govern  their 
diumal  and  annual  variations,  and  others  of  com 
paratively  short  periods.  The  former  portion  of 
tlie  subject  may  be  designated  as  that  of  Mean 
Values;  the  latter  as  that  of  Variations; — to 
which  we  must  add  a  third  section,  viz.,  Irrer/ular 
Changes. 

I.  Mean  Values,  and  their  apparent  Secular 
Variations. — The  honour  unquestionably  belongs 
to  Dr.  Halley  of  first  attempting  to  collect  and 
co-ordinate  all  accessible  facts  with  regard  to  tht 
Telluric  Magnetic  Force,  and  to  present  these 
graphically  on  maps,  by  that  inestimable  expe- 
dient which,  as  carried  out  by  Humboldt  in  the 
case  of  Isothermal  Lines,  has  acted  so  poweifuU 
in  advancing  the  study  of  the  distribution  of  tern 
perature  over  our  globe.    It  cannot  be  alleged, 
any  more  than  in  maps  of  the  Isothermals,  tha' 
every  portion  of  these  lines  may  equally  vuidicat4 
the  claim  of  being  authoritatively  determined 
neither  are  the  maps  of  the  different  element 
entitled  to  equal  credit :  nevertheless,  a  vast  mas 
of  reliable  mformation  has  without  doubt  beei 
accumulated  and  represented,  which  must  exer 
a  powerful  influence  on  the  progress  of  kno^v 
ledge  as  to  the  absolute  nature  of  this  remarkab! 
Force.    It  is  not  within  our  present  reach  to  re 
produce  all  the  valuable  maps  that  are  now  paj 
and  parcel  of  our  best  treatises  on  Magnetism,  an 
which  enter  into  every  adequate  Physical  Athu 
To  manifest  something  of  the  direction  of  tl 
Earth's  Magnetic  Force,  the  accompanying  skete 
of  our  globe's  Magnetic  Meridians  will  suSici 
The  term  Magnetic  Mendian  has  been  employe 
variously :  the  signification  now  attached  to  it 
the  following; — suppose  one  sets  out  from  a 
locality  whatever,  and  follows,  first  towards  tl| 
North'and  next  towards  the  South,  the  directi 
of  a  compass  or  Free  Magnetic  Needle,  the  cur 
he  would  trace  is  the  Magnetic  Jleridian  of 
those  places.    These  curves  or  meridians  seen 
according  to  present  observations,  to  conver| 
towards,  and  apparently  teraiinate  in  two  poir 
in  each  hemisphere,  hence  generally  called  l!j 
four  jMagnetic  Poles,  or  tiie  coiTesponding  paij 
of  IMagnetic  Poles.    The  well  defined  cross  lin 
at  right  angles  to  all  these  Magnetic  Jleridiaii 
may,  after  the  analogy  of  the  Geographie 
Equator,  be  named  the  Magnetic  Equator: 
of  this  there  is  another  definition,   viz.,  tj 
line  across  the  surface  of  the  globe,  where 
Dipping  Needle  remains  horisontal.    Tliis  latlj 
great  circle  or  curve  is  represented  by  the  dotti 
line  in  the  map.    This  curve  does  not  dif| 
much  from  that  of  the  Magnetic  Equator  usi 
first  defined.    And  it  is  further  most  worthyi 
remark  tliat  the  American  Pole,  as  indicatt 
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by  the  convergence  of  these  meridians,  is  very 
nearly  the  spot  at  which  Sir  James  Clarlve  Ross 
lound  the  angle  of  Inclination  to  be  90°,  or  ratlier 
80°  59'.  It  would  appear,  indeed,  that  the  critical 
points  on  the  surface  of  the  eartli,  might  at  pre- 
sent be  determined  by  either  element  indiffer- 
ently. Not  so,  however,  with  regard  to  the 
Inteimty.  This  is  the  element  the  most  difficult 
of  all  to  determine.  It  needs  skill  in  experiment, 
not  mere  casual  obseifation ;  and  few  even  of  our 
best  navigators  have,  until  quite  recent  times, 
had  that  preliminary  acquaintance  with  phj'sics, 
apart  from  which  no  man  can,  in  reference  to  so 
Dice  a  point,  determine  well.  The  only  reliable 
map,  or  rather  the  elements  of  the  only  reliable 
map  yet  in  our  possession,  we  owe  to  Colonel 
Edward  Sabine.  His  excellent  memoir  in  the 
VTransactions  of  the  British  Association,  has  been 
<>corrected  and  added  to  only  by  himself,  in  those 
■avaluable  essays  prefixed  to  the  volumes  contain- 
ing the  reduced  observations  of  the  Magnetic 
■ijEstablishments  in  our  Colonies.  We  cannot  at 
^present  discuss  those  maps  of  Intensity :  suffice  it 
fathat  the  Intensity  pole  is  neither  the  Declination 
wior  the  Inclination  pole. — The  law  of  the  increase 
ifof  Intensity,  as  we  pass  from  Equator  to  Pole  is, 
nonder  certain  limitations,  approximately  repre- 
Mented  by  the  formula  of  Biot. 
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I  r=  V  1  +  3  sin2  j.. 

This  formula,  indeed,  would  be  a  perfect  exinvs- 
sion  of  the  law  of  Magnetic  Intensity  if  the  Eartli 
were  perfectly  homogeneous,  or  if  the  magnetism 
of  a  place  depended  solely  on  its  latitude. — The 
Intensity  Poles,  are  manifestly  the  true  Magnetic^ 
Poles — those  points  or  regions,  whose  determina- 
tion is  of  greatest  importance  towards  a  complete 
theory  of  Terrestrial  Magnetism  ;  and  just  maps 
of  Isodynamic  Lines,  are,  therefore,  of  all  others 
our  desideranda.  But  the  earliest  steps  have  been 

effectively  taken  The  maps  of  the  Magnetic 

Elements  now  made,  are,  of  course,  stand-points, 
from  which  the  future  physicist  must  contem- 
plate the  corresponding  phenomena  of  his  age. 
No  satisfactory  knowledge  as  to  the  general  laws 
of  the  secular  changes  of  those  elements  ought  to 
be  expected,  in  our  present  mere  commencements  • 
of  accurate  Observation :  but  the  profound  interest 
of  Na\'igation  and  Commerce  in  the  state  of  the 
Needle  has  given  rise  nevertheless,  to  the  pre- 
servation of  records  of  greatest  value  in  their 
bearing  on  the  problem  of  the  secular  changes  ot 
the  Declination.  In  the  cut  subjoined,  the  line 
of  no  variation,  at  different  epochs,  is  distin- 
guished:— at  those  epochs,  the  declination  needle 
departed  from  the  true  north-easterly  or  westerly, 
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as  indicated  by  the  line  of  no  variation.  The  most 
cursory  glance  at  this  cut,  will  show  that  grand 
changes  have  been  proceeding,  and  that  the 
magnetism  of  our  globe  is  in  nowise  permanent. 
Between  1600  and  1700,  for  instance,  the  line  of 
no-declination  seems  to  have  undergone  a  very 
complex  alteration  —  the  double  curve  of  the 
former  date  having  assumed  an  apparently  simple 
curve  throughout  all  the  space  of  the  Atlantic ; 
but  after  the  year  1700,  these  changes,  although 
thoroughly  pronounced,  manifest  a  certain  order 
or  regularity — the  line  in  question  gradually  pro- 
ceeding towards  the  west.  On  the  supposition  of 
the  existence  of  four  poles  or  points  on  the  earth's 
sui'face  towards  which  the  Magnetic  Needle  is 
cfl'ectively  directed,  Hansteen  has  attempted  to 
co-ordinate  and  account  for  the  foregoing  as  well 
as  their  cognate  changes.  In  earliest  times,  it  was 
fancied  that  the  earth  was  one  magnet,  or  that 
its  magnetic  effects  might  be  explained  by  the 
supposition  that  a  strong  magnet  passes  through 
its  centre,  not  along  the  line  of  its  polar  axis, 
rialley  first  alleged  that  on  the,  ground  of  this 
mode  of  viewing  phenomena,  we  must  imagine 
two  great  intense  magnets  or  magnetic  axes ;  and 
Hansteen  superadded  the  idea,  that  the  poles 
of  these  magnetic  axes  are  not  fixed,  but  perform 
a  motion  of  revolution  around  the  geographical 
poles  of  the  globe.  To  the  Northern  Poles,  for 
instance,  he  gave  a  period  of  revolution  of  1,740 
and  860  years  respectively;  and  to  the  corre- 
sponding southern  poles,  periods  of  4,609  and 
1,304  years.  Coupled  with  hypotheses  concern- 
ing the  relative  intensity  of  these  various  supposed 
poles,  the  theory  or  rather  supposition  now  offered, 
went  in  so  far  to  comprehend  the  variations  in- 
dicated on  such  maps  as  the  foregoing:  never- 
theless it  is  sufficiently  clear  that,  as  a  physical 
hypothesis,  there  is  no  basis  for  it  whatsoever. 
As  we  shall  see  below,  all  notions  having  the 
conception  of  four  poles  as  their  basis,  have  been 
utterly  discredited  by  the  physical  investigations 
of  the  illustrious  Gauss ;  nor  did  Hansteen  him- 
self imagine  that  the  arduous  question,  as  to  the 
nature  of  Terrestrial  Magnetism,  could  be  resolved 
h\  any  scheme  so  artificial. 
'  II.  The  Variations.  —  It  is  clear  that  the 
phase  of  the  Telluric  phenomenon  now  specified, 
is  that  one  regarding  which  the  greatest  amount 
of  information  should  be  expected  from  recent 
personal  and  governmental  activity.  Secular 
changes— especially  their  laws— cannot  be  de- 
tected in  one  generation.  I?ut  co-ordinated  ob- 
servations during  even  a  few  years  at  frequent 
diurnal  intervals  may  suffice  to  detect  the  laws 
of  the  variations,  and  to  point  through  these,  to 
the  proximate,  if  not  the  ultimate  external  cause 
of  the  magnetic  phenomena  of  our  globe.  It 
cinnot  be  allesred  even  now  however,  that  the 
Laws  of  such  ^Variations  are  absolutely  deter- 
mined. But  already  it  is  in  our  power  to  offer 
an  approximation ;  and  this  we  shall  do  by  re- 
jirinting  the  Memoirs  of  Professor  Secchi  of  the 
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CoUegio  Romano,  to  whom,  perhaps,  as  mnch  s-" 
any  other  modern  inquirer,  we  are  indebted  for 
fertile  suggestions  on  this  remarkable  subjf 
Professor  Secchi's  papers  have  appeared  in  in 
London  and  Edinburgh  Philosophical  Magazine. 

(1.)  On  the  Diurnal  and  Annual  Variationsof 
the  Declination. — The  following  is  our frst  Imw, 
— •'  The  diurnal  variations  of  the  magnetic  needle 
follow  local  time."  —  The  first  discoverers  of 
the  diurnal  variations  of  the  magnetic  declina- 
tion suspected  that  the  needle  followed  the  course 
of  the  sun,  and  therefore  the  true  (or  apparent) 
time  of  the  place  of  observation ;  but  when  it  was 
afterwards  found,  by  comparative  observations, 
that  there  were  cotemporaneous  variations  at 
many  different  places,  it  was  suspected  that  there 
might  be  simultaneity  of  perturbation  throughout 
the  globe.    Wlien  however  places  of  observation 
sufficiently  distant  were  multiplied,  it  was  found 
that  the  ordinary,  or  diurnal  variations,  followed 
in  their  march  the  hours  of  local  time,  and  that 
even  the  extraordinary  variations,  as  we  shall  see 
in  the  appropriate  place,  were  not  completely 
excluded  from  the  operation  of  this  law.  To 
avoid  speaking  equivocallj',  however,  the  term 
"  distance"  must  be  understood  in  relation  to  th 
subject  of  which  we  are  treating.    The  exten 
even  of  the  whole  of  Europe,  and  still  more  dis 
tances  of  six  or  seven  hundred  miles,  are  ve  _ 
small  compared  to  the  entire  circumference  of  th 
globe.    In  the  same  manner  that  many  meteor 
ological  vicissitudes  may  be  simultaneous  for  sue' 
extents,  so  may  also  the  magnetic  perturbatio" 
which  might  be  produced  by  them ;  but  as  it  c 
rarely  happen  that  meteorological  causes  occup 
the  whole  surface  of  the  earth,  so  simultaneo" 
perturbations  produced  by  them  and  extendin 
over  the  whole  globe  would  be  equally  rare.  I 
fact,  if  we  inspect  the  magnetic  curves,  traced  i 
Gottingen  time,  for  Gijttingen  and  Prague  i 
Europe,  and  for  places  situated  in  Canada  an 
the  United  States  of  America,  we  shall  find  tha 
the  places  in  each  continent  commonly  agree  ver 
well  with  each  other ;  but  that  agreement  betwee 
the  continents  is  seldom  found,  although  th  ' 
distance  apart  is  not  great  compared  to  the  whol 
globe.    It  is  necessary,  however,  to  discriminat 
accurately  between  two  kinds  of  periodical  rariaj 
tions ;  those  which  strictlj'  follow  local  lime,  an 
those  which  in  their  periods  occur  at  the  samt 
moment  of  absolute  time  at  different  stationc 
AVe  shall  speak  of  the  latter  subsequently ;  bu 
in  respect  to  the  former,  let  it  be  regarded  a 
fixed  that  local  time  is  to  be  alone  consideredi 
and  that  if  Gottingen  time  was  at  first  adopter 
for  all  the  observatories  in  common,  it  was  f 
the  sake  of  making  out  the  law  of  the  extraor 
dinary  movements  and  facilitating  their  calcula 
tion,  rather  than  for  the  i)urpose  of  recognizin 
the  law  of  the  diunial  variations  of  which  we  ar 
now  speaking.    It  would  indeed  have  been  dc 
sirable  to  have  adopted  true  or  apparent  loci 
solar  time,  instead  of  mean  time,  in  the  observa 
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■  'ions,  or  at  least  in  the  reductions.  The  use  of 
I  aiean  Gottiiigeii  time,  besides  the  inconvenience 
)i')f  requiring  the  equation  of  time  to  be  applied, 
jaas  also  another,  which  is,  that  it  does  not  often 
Vaappen  that  at  two  distant  observatories  the  ob- 
wen-ationg  fall  at  even  hours  of  local  time.  This 
s  one  of  the  points  (and  we  shall  see  others  pre 
.  ently)  in  which  the  discussion  of  past  observa 
:aons  throws  light  on  the  system  to  be  adopted  in 
Mare.  It  is  to  be  hoped  that  future  observations 
1  if  ill  be  made  at  even  hours  of  apparent  local  time, 
.^nd  that  those  which  have  been  made  will  be 
fedaced  to  such  hours.  TVe  have  however  found, 
nnd  shall  demonstrate  in  the  sequel,  that -the 
b.hase  of  the  diurnal  oscillations  depends  more  on 
he  position  of  the  sun  relatively  to  the  magnetic 
leridian  of  a  given  place  (j.  e.,  relatively  to  the 
:zimuth  of  the  plane  of  the  magnetic  meridian) 
iian  on  the  relation  to  the  geographic  meridian. 
■econd  Law.—''  The  pole  of  tlie  needle  which  is 
iiast  distant  from  the  sun  makes  a  double  diimial 
SKCursion,  in  the  following  manner:— It  is  at  its 
■laximum  of  western  excuision  four  or  five  hours 
efore  the  sun  passes  the  meridian  of  the  place ; 

then  turns  eastward  with  increasing  celerity,' 
f  which  the  maximum  occurs  near  the  passage 
'  F  the  sun  through  the  magnetic  meridian,  and 
:  reaches  its  limit  of  eastern  excursion  one  or 
wo  hours  after  the  said  passage.  As  the  sun 
/|«c!mes,  the  needle  returns;  and  as  the  sun 
"tasiies  the  inferior  meridian,  there  is  repeated  in 
eie  mght  the  same  variation  as  that  which  took 
»iace  during  the  day,  but  restricted  within  nar- 
wwer  limits.  The  limiting  hours  of  these  changes 
iriry  with  the  seasons,  and  are  generally  earlier 
*  rammer  and  later  in  winter;  and  the  magni- 
mes  of  the  excursions  are  in  the  proportion  of 
«ie  diurnal  to  the  nocturnal  arc" 
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woodcut  will  make  this  law  better  under- 
Sbed  bvTh:'  -  tbe  parallel 

rSStei  ''T'  ^"'l  "^"t^™  places  situated 
we^rth  ^  'P'""''''  ^«  """^^^^^^  tbe  sun;  be- 
««en  the  hours  of  19'>  and  21"  H  and  9  i  m  ^ 

E  "'V^     '''''  POsitionTsllro^ 

"ue  8  s :  h-om  1  to  2 


■  M.,  in  tlic  position 


jf "  hown  ^' '  9  and  I'O  ;  M 

rUhe  ci.  ^  °"  the  line  a'"  n'". 

the  1.^15    °",/">   ^'''""'^l  Sabine 
Ihe  mean  diurnal  variation  of  the 
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declination  at  Toronto,  as  derived  from  the  two- 
hourly  observations  in  1841  and  1842,  consists 
in  an  easterly  movement  of  the  north  end  of  the 
magnet  from  two  to  ten  hours  inclusive ;  a  small 
return  movement  towards  the  west  then  tak&s 
place  till  fourteen  hours,  when  the  easterly  pro- 
gression is  resumed,  and  continues  until  twenty 
hours,  at  which  time  the  north  end  of  the  magnet 
reaches  its  eastern  limit.  From  twentv  hours  the 
movement  is  continuous  towards  the  "west  until 
two  hours,  -which  is  the  period  of  the  extreme 
western  limit."  (Toronto  Observations,  vol.  i., 
p.  14.)    And  at  Hobarton  as  follows :—"  The 
north  end  of  the  magnet  has  two  eastern  and  two 
western  elongations  or  turnuig-points,  at  both 
periods  of  the  year ;  from  October  till  February 
the  principal  eastern  elongation  is  at  2^  and  the 
mmor  one  at  15" ;  from  April  to  August  the 
hours  of  these  turning-points  become  respectively 
3."  and  16" ;  from  October  to  February  the  prin- 
cipal-western elongation  is  between  20"  and  21" 
and  the  muior  one  at  11" ;  whilst  from  April  to 
August  the  corresponding  phenomena  occur  at  22" 
and  11"."    Then,  comparing  the  figures  -svhich 
represent  these  movements  with  those  of  Toronto 
he  concludes  that  they  are  identical,  only  bavin- 
opposite  signs,  except  that  ihe  turning-points  or 
periods  are  earlier  at  Toronto  than  at  Hobarton. 
Ihe  opposition  of  these  movements  is  shown  in 
our  figure  in  a  manner  easily  to  be  remembered. 
Ihe  two  stations  may  be  regarded  as  Twithin 
imits,  Ed.]  the  tj^e  of  all  that  happens  out  of 
he  torrid  zone     Within  or  near  the  tropics  the 
law  holds  good,  providing  we  have  regard  to  the 
hemisphere  m  which  the  sun  is,  the  places  being 
considered  as  in  the  southern  hemisphere  when 
the  sun  IS  in  the  northern  hemisphere,  and  in  the 
northern  hemisphere  when  he  is  in  the  southern  If 
there  should  sometimes  appear  to  be  an  exception, 
it  woidd  be  only  an  apparent  one,  as  we  shaU  soon 
demonstrate.  In  the  meantime,  to  facilitate  com- 
pansons,  we  may  establish  the  following:— 
Corollary  l.-KSl  the  variations  are  the  same  in 
both  hemispheres,  providing  we  change  the  name 
of  the  pole  influenced ;  and  if  we  take  as  the  tvpe 
the  north  pole  and  northern  hemisphere,  we  shall 
have  Identical  variations  for  the  south  pole  in  the 
southern  hemisphere;  and  the  variations  of  tlie 
north  pole  in  the  southern  hemispJiere  will  be 
opposite  to  those  in  the  northern  hemisphere. 
ii?mar£— Perhaps,  to  avoid  any  misunderstand- 
ing, and  the  confusion  of  poles  with  hemispheres 
and  for  greater  convenience  in  tlie  indication  of 
the  antagonistic  forces  of  poles  in  which  the  pole 
called  north  is  the  true  south  pole  of  the  needle  it 
might  be  better  to  retain  the  name  of  marked 
pole  formerly  used  by  some,  and  especially  bv 
Lnghsh  writers,  to  designate  the  fundamental 
pole  to  which  all  IS  referred,  and  which  mom- 
part  of  the  worid  looks  to  the  north.  Corollary 
II.— As  the  points  of  inflexion  of  the  diurnal 
curve  depend  on  the  sun's  passage  of  the  maLr 
_  nctic  meridian,  it  follows  thai  if  L  plaa's  i^;!;; 
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nortlieni  hemisphere  have  opposite  magnolic  de- 
clination, t.  e.,  tlie  one  east 'and  the  other  west 
declination,  the  second  will  be  in  its  phases  later 
[Qu.  earlier,  Ed.]  than  the  other.  If  the  two 
])laces  which  we  are  considering  are  in  opposite 
hemispheres,  this  new  opposition  will  have  to  be 
taken  into  account,  that  is  to  say,  we  shall  have 
to  make  the  product  of  the  algebraical  signs  rela- 
tively to  their  positions  and  to  their  names.  This 
rule  will  be  useful  to  us  presently.  It  is  a  con- 
sequence of  the  complete  antagonism  which  exists 
in  the  two  hemispheres  relatively  to  magnetic 
phenomena.  Corollary  III. — A  consequence  of 
the  dependence  on  the  magnetic  meridian  is  the 
advancement  or  retardation  of  the  phases  with 
the  seasons,  as  in  the  coarse  of  the  year  the  sun 
arrives  at  the  same  azimuth  from  the  geographical 
meridian  by  describing  a  different  horary  angle, 

greater  in  winter  and  less  in  summer  The  needle, 

in  its  nocturnal  oscillation,  and  especially  in 
winter,  makes  an  excursion  which  sometimes 
exceeds  the  diurnal  one.  This  has  sometimes 
caused  it  to  be  believed,  that  the  maximum  of 
deviation,  especially  of  western  deviation,  was 
subject  to  great  displacement.  But  the  case  is 
otherwise.  The  proper  maxima  of  the  semi- 
diurnal excursions  always  remain  at  nearly  the 
same  hours;  but  if  it  should  happen  that  the 
nocturnal  should  exceed  the  diurnal,  we  are  not 
therefore  to  say,  without  qualification,  that  the 
maximum  occurs  in  the  evening;  the  times  and 
the  periods  are  to  be  distinguished,  and  all  will 
be  clear ;  for  if  the  absolute  maximum  may 
happen  at  night,  the  relative  maxima  however 
(eliminating  the  perturbations)  follow  constantly 
the  period  above  enounced ;  and  it  is  these  rela- 
tive maxima  and  minima  which  constitute  the 
characteristic  properties  of  the  variations  of  the 
magnetic  as  distinguished  from  the  meteorolo- 
gical period.  Remark — The  two  laws  hitherto 
enounced  are  themselves  no  other  than  corollaries 
of  another  more  general  law,  which  we  will  now 
proceed  to  expose ;  but  I  have  thought  it  well  to 
premise  them,  and  to  enunciate  them  separately, 
in  order  to  proceed  aftenvards  with  greater 
clearness.  The  following  is  this  third  Law. 
— "The  diurnal  excursion  of  the  needle  is  the 
sum  of  two  distinct  excursions,  of  which  the 
first  depends  solely  on  the  horary  angle,  and 
the  second  depends  besides  on  the  sun's  de- 
clination. These  two  fluctuations  being  vari- 
ously superimposed  upon  each  other,  produce 
bj'  their  interferences  all  the  phenomena  of  the 
ordinary  diurnal  and  annual  variations." — No- 
thing is  in  appearance  more  bizarre  tiian  the 
curve  traced  by  the  magnetic  needle  in  a 
single  day ;  but  as  there  is  no  real  irregularity 
in  nature,  it  is  natural  to  presume  that  the  ap- 
pearance of  irregularity  only  arises  from  our  being 
ignorant  of  the  fixed  periods,  aa  well  as  of  the 
accidental  causes  which  influence  the  needle. 
Desiring  to  treat  this  subject  with  systematic 
order,  it  is  necessary  to  restrict  ourselves  to  the 
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regular  variations  only.    In  order  to  give  an 
idea  of  the  annual  variations  of  the  declination 
without  too  much  multiplying  words,  we  will 
refer  to  Sabine's  work  {Toronto,  voL  ii.,  p.  20)  for 
the  curves  traced  by  him,  representing  the  posi- 
tion of  the  needle  in  the  two  six-monthly  periods 
when  the  sun  is  on  either  side  of  the  equator,  at 
the  four  observatories  of  Toronto,  St.  Helena,  Cape 
of  Good  Flope,  and  Hobarton.    In  these  figures 
the  red  line  indicates  the  excursions  of  the  needl" 
in  the  months  when  the  sun  is  in  the  northerr 
signs,  or  in  the  tropic  of  Cancer ;  and  the  blu 
line  the  same  in  the  months  when  the  sun  is  i 
the  southern  signs,  or  in  the  tropic  of  Capricorn 
These  curves  include  only  the  hours  of  the  day 
as  being  the  most  marked.    The  north  pole  o 
the  needle  deviates  to  the  east  when  the  ciu-ve  i 
above  the  axis  of  the  abscissaj,  and  to  the  wes 
when  it  is  below  it.    From  a  simple  inspectio 
of  these  curves,  we  may  draw  the  following  con 
elusions: — At  Toronto,  the  needle  at  8  in  th 
morning  is  throughout  the  year  to  the  east  of  i 
mean  position ;  and  in  the  afternoon,  towards 
p.Ji.,  it  is  always  to  the  west;  2d,  the  excursio 
is  greater  in  summer  than  in  \vdnter,  and  th 
annual  diflPerence  in  tliis  respect  is  represente 
by  the  distance  between  the  two  curves ;  3d,  i 
the  intermediate  months  the  needle  is  betwee 
the  two  limiting  curves.    For  Hobarton  we 
the  same  laws,  but  with  contrary  denomination 
as  we  have  already  said  (under  Law  II.,  Corolla 
II.).  For  St.  Helena  there  is  the  notable  circu 
stance,  that  the  curves  are  seen  to  bend  alternate" 
south  and  north  of  the  equator,  mo\-ing  wi 
the  sun ;  yet  it  is  not  to  be  overlooked,  that  tl 
curve  of  the  months  of  the  June  solstice  wan 
the  second  inflexion,  which  it  would  require 
order  to  be  symmetrical  with  the  curve  of  t 
opposite  six  months.   At  the  Cape  of  Good  Ho 
the  phases  are  transitional  between  those  of 
Helena  and  Hobarton.    These  curves  are  t 
graphical  result  of  the  obser\-ations,  and  >tc  ha 
now  only  to  see  whether  it  is'  possible  that  th 
may  have  originated  from  more  simple  perio 
which,  being  separated  from  each  other,  m 
throw  light  on  the  physical  cause  of  the  phe" 
menon.    These  curves  are  traced  by  taking 
mean  of  the  six  months,  and  hence  they  ap" 
more  regul.ir  than  if  tidcen  from  the  differ 
months  singly;  for  if  we  examine  each  of 
constituent  monthly  curves  separately,  we  sh 
find  some  peculiarities  and  notable  difteren 
which  tend  further  to  confinn  the  belief  that 
these  curves  conceal  simple  periods,  which  be 
suijcrimposed  give  complicated  results.  T 
such  periods  being  superimposed  upon  each  ot 
may  produce  curves  of  irregular  appearance,  ^ 
not  be  doubted  by  any  one  who  may  have  o 
seen  the  multifarious  curves,  obtained  by 
superimposition  of  one  or  two  waves,  in  the  li 
machine  invented  by  Whcatstone  for  represen" 
the  interferences  of  luminous  undulations ;  an 
is  just  the  application  of  these  principles  to 
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onrv  of  terrestrial  magnetism  Avhicli  reduces 


•  O   ■  ■   " 

ikhese  facts,  in  themselves  highh'  intricate,  to  a 
.surprising  degree  of  simplicity.'  In  order  to 
•ender  more  intelligible  what  we  ai-e  about  to 
lay,  it  will  not  be  without  its  use  if  we  conceive 
I  wave  of  which  the  elementary  curve  is  the 
■rdinary  one  of  simple  sines,  having  for  its 
quation 

y  —  Js  sin  (a;  -|-  a), 
und  a  second  wave  of  double  period,  and  of  the 

■  quation 

y  =  /!;  sin  (2a;  -j-  a). 
t'f  we  snperimpose  these  two  forms,  we  shall 
uave  a  figure  distinct  from  either.  We  here  sup- 
>  ose  the  two  components  to  have  equal  excursions; 
taut  by  giving  difierent  values  to  the  constants 
li'hich  enter  into  the  curve,  we  may  get  the  share 

■  Selonging  to  the  minor  diurnal  inflexions  to  be 
ilmost  sensibly  rectilinear;  and  vice  versa  we 
.my  have  more  exaggerated  inflexions.  In  the 
liquations  of  these  curves  we  shall  distinguish  the 
I  unstants  by  special  names  for  the  sake  of  brevity 
T-.ad  clearness,  calling  k  the  modulus,  the  arc  x 
:-ie  argument,  and  a  the  parameter.  This  being 
r  remised,  we  come  to  the  demonstration  of  the 
1  w  which  has  been  enounced,  which  will  be  no 

,i|  iher  than  a  corollary  of  the  observed  facts, 
nd  first,  from  an  extended  and  comparative 
-.nalysis  of  all  the  magnetic  observations,  the 
in  is  seen  to  be  the  principal  cause,  not  only  of 
■le  diurnal,  but  also  of  the  annual  variations; 
ad  we  have  only  to  form  to  ourselves  a  clear 
:ea  of  the  manner  in  which  it  operates.  Colonel 
labme,  in  vol.  ii.  of  the  Tm-onto  Observations,  p. 
•      briefly  sums  up  the  fundamental  points,  com- 
iring  the  curves  which  we  have  cited,  and  calls 
tention  to  two  things,— 1st,  the  opposition  of 
movements  of  the  needle  in  the  two  obser- 
tories  situated  beyond  the  tropics  in  the  two 
posite  hemispheres  (i.  e.,  at  Toronto  and  at 
barton);  and  2d,  the  opposite  direction  in- 
ed  by  the  sun's  passage  of  the  equator  in  the 
. Illation  of  the  needle  at  St.  Helena  and  at  the 
e  of  Good  Hope,  which  phases  place  beyond 
-ijt  the  influence  of  the  sun's  declination.  He 
not,  however,  proceed  farther  with  the  ana- 
i     Now  it  seemed  to  me  that  this  germ  might 
'  ^nsidcrably  more  developed,  and  might  he- 
me fende  in  very  important  consequences.  It 
med  to  me  strange  that  the  sun  should  act 
-  oppositely  by  his  change  of  declination  in 
•e  two  places  and  not  in  the  others,  limiting 
II  in  these  last  to  only  diminishing  the  fluc- 
'ons.    It  was  added,  that  the  changes  at  St. 
'^na  and  at  the  Cape  not  having  reference  to 
-  suns  zenith-distances,  his  influence  ought  to 
aue  to  an  astronomical  rather  than  to  a  geo- 
I'  lical  and  local  cause.    It  may,  however, 
rally  be  expected  that  such  a  period  is  marked 
le  many  convolutions  and  superimpo.'^itions 
liferent  causes  acting  on  the  needle;  to  ex- 

ul.  -J'^  ''"'^  l^'^ve  been 

■"aUj  impossible  without  the  previous  labours 
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of  Colonel  Sabine,  which  I  have  happily  found 
sufficient  for  the  purpose. 

(2.)  On  the  Variations  of  the  other  Magnetic 
Elements. —  As  already  explained,  the  other 
magnetic  elements,  where  variations  have  been 
directly  observed,  are  the  horizontal  and  vertical 
components  of  the  intensity,  and  the  dip  itself 
absolutely.  We  shall  discuss  these  variations 
in  their  order. 

a.  Horizontal  Force — The  component  which 
we  are  now  considermg  is  that  which  is  obtained 
from   the  bifilar  magnetometer,  arranged  at 
right  angles  to  the  magnetic  meridian.  The 
variations  may  be  expressed  in  the  following 
manner.    General  Laws.— Th^  bifilar  magnet- 
ometer is  subject  to  a  horary  variation  of  a 
double  period,  diurnal  and  semi-diurnal ;  in  the 
semi-diurnal  period  the  magnitude  of  the  varia- 
tion depends  on  the  geographical  latitude,  and  is 
zero  at  the  equator ;  the  phase  depends  on  the 
angle  which  the  sun  makes  with  the  magnetic 
meridian.     We  will  demonstrate  this  by  steps. 
Beginning  with  the  stations  of  middle  latitude, 
there  is  this  simple  law  ;  the  curve  of  the  bifilar 
magnetometer  is  similar  to  that  of  the  declinom- 
eter, but  with  a  retardation  of  three  hours.  Ex- 
planation.—A.  glance  at  Colonel  Sabine's  figures 
in  the  second  volume  of  the  Hoharton  Observa- 
tions, plate  1,  p.  5,  for  the  declination,  and  at  • 
plate  4,  p.  43,  for  the  component  of  the  bifilar 
magnetometer,  will  be  sufficient  to  show,  that 
while  the  muiimum  of  the  declination  occurs  be- 
tween 20"  and  21",  and  the  maximum  at  about 
2',  the  minimum  of  the  bifilar  magnetometer 
occurs  about  23",  and  the  maximum  between  4" 
and  5".    See  also  the  figures  in  which  this  cele- 
brated author  makes  the  comparison  between 
Hoharton  and  Toronto  in  the  first  volume  of  the 
Hobarton  Observations.    At  p.  34,  plate  1,  the 
curves  of  the  declination  are  shown ;  and  at  p 
54,  plate  2,  figs.  1  and  2,  that  of  the  horizontal 
force ;  the  perfect  agreement  of  the  curves  will  be 
seen  (though  the  scales  of  the  absciss!E  are  differ- 
ent), and  the  same  retardation  between  Hobarton 
and  Toronto  which  has  been  already  remarked  in 
the  decUnations.   Next  let  us  consider  the  peculi- 
arities of  the  equatorial  observatories.    At  St. 
Helena  a  singular  law  holds  in  the  horizontal 
force.   It  has  a  single  simple  period,  and  the  onlv 
indication  of  a  secondary  period  is  that  the  axis 
of  the  abscissaj  is  not  divided  by  the  curve  into 
equal  parts,  but  tlie  diurnal  part  is  less  extended 
than  the  nocturnal.    See  the  St.  Helena  Obser- 
vations, p.  30,  plate  4,  fig.  3.    Here,  then,  the 
semi-diurnal  period  vanishes  entirely  or  nearly 
so,  and  cannot  bo  compared  witli  tha't  of  the  de- 
clination.   But  Avo  shall  presently  see,  in  the 
theoretical  law,  the  true  explanation  of  tliis 
singular  fact,  and  it  will  be  one  of  the  principal 
proofs  of  the  theory  which  wo  are  about  to  ex- 
pound.   In  tiie  variation  of  this  component  two 
very  decided  periods  are  evident,  the  diurnal  and 
the  annual.    The  diiirual  maximum  occurs  be- 
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twcen  23"  and  O",  and  the  ininimnm  at  9^  or 
10'' ;  but  in  May  and  June  (the  winter  months), 
it  occurs  later,  viz.,  at  11".  The  form  of  the 
cun'e  sliows  a  rapid  increase  and  an  equally 
rapid  decrease.  'J'he  annual  variation  is  like"- 
wise  remarkable  for  its  simplicit}',  being  a  perfect 
curve  of  sines.  See  p.  28,  plate  2,  fig.  2.  We 
shall  see  farther  on,  that  at  Bombay  (lat.  18° 
53'  N.),  the  phases  approximate  to  those  of  St. 
Helena,  except  that  the  secondary  periods  are 
more  sensible,  though  not  much  more  so.  From 
the  two  extreme  cases  which  we  have  here  con- 
sidered, we  may  infer  what  would  happen  at  an 
intermediate  station,  like  the  Cape  of  Good 
Hope ;  that  there  would  be  a  diurnal  and  semi- 
diurnal period,  but  the  latter  considerably  less 
developed  than  at  Hobarton  and  Toronto.  Ob- 
servation confirms  this ;  and  fig.  1,  p.  40,  of  the 
Cape  of  Good  Hope  volume  shows  it  at  a  glance. 
The  pei  iod,  then,  of  the  horizontal  force  is  the 
resultant  of  two  peiiods,  the  one  diurnal,  the 
other  semi-diuinal ;  and  (he  value  of  the  semi- 
diurnal period  is  a  minimum  at  the  equator,  and 
increases  with  the  geographical  latitude.  The 
epochs  of  the  changes  depend  in  this  case,  too,  on 
the  hours  at  which  the  sun  passes  the  magnetic 
meridian,  and  are  somewhat  advanced  in  the 
summer  of  the  hemisphere  and  retarded  in  the 
winter.  If  from  the  middle  latitudes  we  ascend 
to  the  polo,  we  shall  find  that  the  curve  of  the 
bifilar  appears  to  be  in  advance  of  that  of  the 
declinometer :  this  peculiarity,  which  seems  to 
complicate  the  law  which  we  have  enunciated, 
depends  entireh'  on  the  co-efRcients  with  which 
the  diurnal  and  semi-diurnal  period  are  alter- 
nately affected  according  to  the  latitude.  The 
following  are  the  laws  relative  to  the  annual 
variation  of  the  diurnal  means.  So  far  as  re- 
gards the  monthly  means,  we  have  already  re- 
marked that  at  St.  Helena  there  is  evidently  an 
annual  period  depending  on  the  sun's  declination  ; 
and  in  order  to  display  the  effects  of  the  solar 
declination  in  the  other  observatories,  it  would 
be  necessar)--  to  repeat  the  analysis  made  for  the 
magnetic  declination.  But  unfortunately,  really 
])erfcct  observations  are  as  yet  few,  and  hiirdly 
sufficient  for  the  seasons.  As  far  as  regards 
Hobarton,  the  march  appeal's  to  be  not  very  un- 
like that  of  the  declination.  Thus  during  the 
summer,  the  diurnal  variation  has  its  greatest  ex- 
tension, and  becomes  successively  less  in  spring 
and  autumn,  and  is  at  its  minimum  in  the  winter. 
So  far  as  regards  the  absolute  value  of  this  com- 
poneUt,  it  is  greater  than  the  annual  mean  in 
summer,  less  in  spring  and  autumn,  and  a  mini- 
mum in  the  winter.  It  would  not  be  difficult  to 
show,  from  the  nature  of  this  curve,  that  here, 
too,  is  to  be  found  the  superposition  of  the  two 
periods  depending  on  the  solar  declination  and  on 
ihe  horary  angle,  which  are  added  together  in 
summer,  and  of  which  one  is  subtracted  from  the 
other  in  winter.  At  Toronto  the  effects  are 
similar  in  the  respective  seasons.    At  St.  Helena 
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the  absolute  maximum  of  the  horizontal  force 
occurs  in  the  months  of  February,  March,  and 
April,  and  the  minimum  in  Augu.et  and  Sep- 
tember. In  these  variations  it  is  not  easy  to 
separate  that  which  is  caused  by  the  temj)era- 
ture  from  that  which  is  strictly'  the  magnetic 
period, — partly  becau.se  the  tenijicrature  exer- 
cises an  influence  on  the  bars,  and  if  the  varia- 
tions are  not  accurately  corrected  there  is  a 
danger  of  error, — and  partly,  because  as  the 
temperature  affects  the  force  of  all  magnets,  it 
may  aflect  that  of  the  earth  also.  Besides,  as 
the  variation  of  this  component  depends  both  on 
that  of  the  inclination  and  on  that  of  the  total 
force,  it  is  not  easy  by  means  of  the  horizontal 
observations  alone  to  determine  to  which  cause 
each  phase  must  be  attributed.  A  few  observa- 
tions, and  those  subject  to  some  uncertaintj-,  tend 
to  show  that  at  St.  Helena  the  annual  variation 
of  the  inclination  is  small,  so  that  we  must  con- 
sider the  variations  of  the  horizontal  force  as 
depending  entirely  on  those  of  the  total  force. 
At  Makerstoun  the  values  of  the  horizontal  com- 
ponent have  their  maxima  at  the  solstices,  and 
their  minima  a  little  after  the  equinoxes.  In 
general  in  this,  as  in  the  declination,  the  months 
of  April  and  August  are  marked  by  the  greatest 
diurnal  excursions;  this  is  attributed  by  Mr. 
Broun  to  the  extraordinary  perturbations,  but  it 
probably  depends  on  some  other  cause.  But  for 
the  principal  details  on  the  epochs  of  the  maxima 
and  minima,  we  must  refer  to  the  original  works, 
this  memoir  being  alreadj-^  too  long. 

b.  Vertical  Component  This  is  given  by  the 

balance  magnetometer  arranged  at  right  angles 
to  the  magnetic  meridian.     It  follows  laws 
analogous  to  those  of  the  horizontal  force.  At 
St.  Helena  the  curve  has  a  simple  period,  but 
with  this  difference  from  the  curve  shown  by  the 
bitilar,  that  the  curve  of  the  horizontal  force  i.- 
nearly  a  curve  of  cosines  (reckoning  from  noon),' 
and  that  of  the  vertical  force  a  curve  of  sine 
But  the  rudiments  of  a  secondary  period  are  i 
in  a  slight  undulation,  which  it  makes  at  abou 
10",  as  also  in  the  inter\-als  of  the  intersection  c 
the  cur\-e  with  the  axis  being  greater  from  mid, 
night  to  noon  than  from  noon  to  midnight.  Tl; 
maximum  occurs  between  5"  and  6",  and  tb 
minimum  at  20".    Its  amount  is  smdler  fro 
October  to  Blarch,  during  which  period  it  is 
tarded,  and  greater  from  April  to  Septem" 
when  it  is  in  advance.    At  the  Cape  of  Goo 
Hope  the  march  of  the  vertical  force  is  so  simi 
to  that  of  the  declination,  that  it  is  susceptible 
the  same  analj'ses  and  gives  the  same  results, 
these  curves  tlie  diurnal  period  always  predomi 
nates,  though  somewhat  modified  in  parts.  S' 
Sabine,  Obs.  Cape,  p.  40,  pi.  5.  fig.  2.  l 
T'oronto  and  at  Hobarton  the  usual  antagonis 
displays  itself  in  this  component.    The  dou 
period  is  developed  as  much  as  in  the  dcclinati' 
and  the  hours  of  minima  and  maxima  are  aim 
identical  with  those  of  the  declination.  The  doub 
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ptx-iocl  displays  itself  at  Hobarlon  in  a  somewhat 
sngular  manner,  producing  a  maximum  towards 
fcven  in  the  evening.  But  to  follow  out  all  these 
rregclarities  would  be  very  tedious ;  we  shall  there- 
ore  abstain,  referring  the  reader  to  the  works 
ilready  quoted.  "VVe  shall  only  add,  that  the  ex- 
planation of  many  anomalies  is  to  be  found  in  the 
iillowing  remarks,  viz.,  that  as  the  origin  of  the 
leriods  which  are  superposed  depends  on  the  dif- 
ferent hours  at  which  the  sun  passes  the  magnetic 
neridian,  the  semi  diurnal  period  has  necessarih' 
i-arious  positions  with  regard  to  the  diurnal ;  and 
in  this  manner  various  inflections  occur  which  it 
Yould  be  difficult  to  account  for  in  any  other  way. 
Sot  instance,  the  variations  of  the  inclination 
•^ven  at  the  Cape  of  Good  Hope,  p.  44,  pi.  6, 
easily  be  decomposed  by  an  experienced  eye 
nto  the  usual  principal  periods,  diurnal  and  semi- 
iiiumal,  which  gain  alternately  on  each  other 
idth  varying  parameters  in  the  different  months. 
Te  may  therefore  finish  this  discussion  with  the 
bllo  wing  general  conclusion :  that "  the  horizontal 
omponent,  as  well  as  the  vertical,  may  be  de- 
omposed  into  a  diurnal  and  semi-diurnal  period, 
l.'hich  depend  on  the  declination  of  the  sun  and 
1  the  geographical  latitude." 
c.  Inclination  and  Total  Force. — Given  the 
•nws  of  the  variation  of  the  two  preceding  com- 
onents,  that  of  the  resultant  or  total  force  may 
-isily  be  deduced;  and  the  absolute  magnetic 
.clination  being  known,  the  variation  of  the  in- 
,  ination  may  also  be  deduced  from  the  variations 
the  horizontal  and  vertical  force.  General 
iw. — "  The  phases  of  the  inclination  dre  ana- 
■gous  to  those  of  the  declination,  but  three  hours 

-'.rlier."   Ex/jlanation  If  the  maximum  of  the 

iclination  is  at  2'',  the  maximum  of  the  inclina- 
Jn  would  be  at  23''  or  thereabouts.    This  may 
^  seen  in  the  Makerstoun  curves,  &c.,  and  also 
the  Hobarton  curves,  the  explanation  of  which 
i  will  give  presently.    As  for  the  other  pecu- 
■irities,  it  will  be  sufficient  to  remark,  without 
alalyzing  each  case  in  detail,  that  in  general  the 
^xirna  of  the  horizontal  force  coincide  with  the 
inima  of  the  inclination.    Colonel  Sabine  calls 
tention  to  the  analogy  that  exists  between  the 
..nation  of  the  inclination  at  Hobarton  and 
■  ironto,  places  which  are  almost  antipodal.  In 
-Jse  localities  the  variation  of  the  inclination  in 
th  its  periods  is  the  same  at  almost  precisely 
■5  same  hours,  with  this  difference  only,  that  at 
ibarton  the  south  pole  (the  lower)  is  to  be  con- 
ered,  and  at  Toronto  the  north  (the  lower), 
le  total  force  at  Toronto  is  subject  to  two 
•iods,  viz.,  the  following : — 

^  Prim  ipal  niiiximum  at   5l> 

Priiniijjiil  raiiiiinuin  from    I.'jii  to  IGh 

Suiniiiliry  maximum  fi  om    ISi'  to  •-'()[' 

.Stcoiulivry  minimum  from    22i'  to  23 ' 

cording  to  this  distinguished  writer,  an  ana- 
•0U8  double  period  is  wanting  at  Hobarton, 
1  the  total  force  has  a  simple  progression  wilii 
■  uiiuimum  at  20''  or  21 ',  and  the  maximum 
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between''  and  G'',  the  intermediate  march  being 
continued  without  interruption.  But  on  carefully 
examining  the  curves  tiiemselves,  given  by  him 
at  p.  58,  pi.  3,  it  will  be  seen  that  the  simple 
period  exists  only  in  appearance,  and  that  in 
certain  months  the  secondary  period  is  very  ob- 
vious, and  rudiments  of  it  exist  in  all,  though  to 
a  very  small  extent.  This  difference  is  certainly- 
owing  to  the  great  difference  of  latitude  and  mag- 
netic force  between  the  two  places.  There  are 
not  yet  a  sufficiency  of  published  observations  at 
St.  Helena  to  determine  this  law ;  but  a  copious 
series  of  observations  at  the  Cape  show  a  period 
in  the  variations  of  the  total  force  almost  com- 
plementary to  that  of  the  declination  The  simi- 
larity of  the  two  kinds  of  curves,  which  generally 
differ  about  three  hours  in  their  phases,  renders  a 
more  complete  analysis  unnecessary. 

d.  Complex  Period  of  the  Needle. — The  pro- 
cess which  we  have  described  for  determining 
the  motions  of  the  needle  consists  in  a  series  of 
decompositions  of  the  forces,  rendered  necessary 
from  the  mode  in  which  the  magnetic  bars  are 
supported.  The  laws  of  the  variations  of  the 
components  being  determined,  we  may  deduce 
from  them  what  would  be  the  motion  of  a  needle, 
not  on  an  axis,  but  suspended  by  a  single  point, 
which  would  be  its  centre  of  gravitj',  and  free  to 
obey  every  magnetic  variation  in  whatever  direc- 
tion it  took  place.  To  give  an  idea  of  the  com- 
bined motions  which  the  needle  makes  in  a 
complete  oscillation,  we  may  refer  to  two  figures 
in  particular  in  Sabine's  plate,  Hobarton  Obser- 
vations, vol.  i.,  pi.  3,  the  first  of  which  belongs 
to  December  at  Hobarton,  the  other  to  .June  at 
the  same  place.  The  principle  upon  which  these 
figures  are  traced  is  the  following: — The  point 
where  the  two  axes  intersect  represents  the  mean 
diurnal  position  of  the  needle  in  declination  as 
well  as  in  inclination.  Along  the  horizontal  axis 
a  distance  is  taken  representing  the  variation  of 
the  declination  for  a  given  hour,  and  from  the  point 
so  obtained,  an  ordinate  is  erected  representing  on 
the  same  scale  tlie  variation  of  the  inclination 
for  that  hour.  Thus  are  obtained  the  figures  to 
which  we  have  referred.  In  Colonel  Sabine's 
plates,  he  has  given  the  curves  for  each  month  of 
the  year,  and  they  are  all  extremely  instructive, 
but  the  two  to  which  we  have  particularly  re- 
ferred, the  march  of  the  curve  in  the  two  extreme 
months  of  the  year,  is  well  sho-wn.  It  may  be 
seen  from  these,  and  still  better  from  the  whole 
series,  that  the  oscillation  of  the  needle  has  always 
a  double  period,  diurnal  and  nocturnal,  but  their 
respective  lengths  vary  with  the  season.  The 
diurnal  period,  considerable  in  summer,  is  con- 
tracted in  winter,  and  the  nocturnal  period,  short 
and  hardly  di.scemible  in  summer,  is  greatly  de- 
veloped in  winter;  in  this  will  be  seen  the  fact, 
elsewhere  noticed,  that  the  absolute  nocturnal 
minimum  is  greater  than  the  diurnal  minimum, 
and  hence  we  see  the  cause  of  the  error  of  those 
who  consider  that  there  is  a  single  period  in  winter. 
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But  two  things  are  particularly  to  be  observed  in 
these  curves.  1  st,  The  nocturnal  loop  is  always  in 
diametrical  opposition  to  the  point  of  noon ;  "from 
this  it  appears  that  the  phases  succeed  each  other 
near  the  lower  mei-idian  with  the  same  march  as 
near  the  upper.  2(1,  That  the  magnitude  of  each 
loop  in  the  opposite  seasons,  diurnal  as  well  as 
nocturnal,  is  in  a  constant  proportion  to  the  one 
diametrically  opposed  to  it,  viz.,  between  i-th  and 
■^th;  thus,  for  example,  the  loop  of  the  diurnal 
curve  for  December  becoming  the  nocturnal  loop 
in  June,  is  diminished  to  about  |th.  In  like 
manner  the  diurnal  loop  of  June,  when  it  becomes 
the  nocturnal  loop  in  December,  is  diminished  to 
about  -ith.  This  constant  proportion,  which  is 
observed  in  all  the  months,  must  not  be  over- 
looked ;  and  physically  considered,  it  must  depend 
on  the  manner  in  which  the  influence  of  the  solar 
magnetism  operates  across  the  earth.  3d,  The 
apjjearance  of  these  curves  is  that  which  would 
arise  from  the  superposition  of  two  circular 
spirals  with  different  moduli,  the  one  ha^^ng  a 
simple,  the  other  a  double  period.  The  curves 
which  are  seen  in  Wheatstone's  undulation  ma- 
chine, when  two  spirals  are  superposed,  the  one 
half  the  length  of  the  other  (in  which  case  the 
projection  of  the  resultant  at  right  angles  to  the 
axis  of  the  spirals  forms  a  kind  of  c),  are  evi- 
dently of  the  same  kind  as  the  present.  Mr. 
Broun  has  given  analogous  curves  for  Maker- 
stoun,  and  a  glance  at  these,  as  in  the  case  of 
Hobarton,  will  show  the  same  law,  though  some- 
what more  complicated  from  having  grouped  too 
many  months  together,  and  from  the  higher  lati- 
tude and  more  frequent  disturbances.  Among 
the  points  to  be  remarked  in  these  curves  is  the 
follo^ving  • — "  Tracing  in  them  the  direction  of 
the  magnetic  meridian  (that  is  to  say,  noting  the 
hour  at  which  the  sun  passes  it),  it  is  seen  that 
the  greatest  velocity  of  the  needle  occurs  when 
the  sun  passes  through  this  plane,  and  that  the 
centre  of  the  nocturnal  loop  is  to  be  found  in  the 
same  line,  or  very  near  to  it,  and  that  the  move- 
ments of  the  needle  in  inclination  are  comple- 
mentary (but  with  a  distance  of  3'')  to  those  of 
the  declination."  From  these  facts  we  conclude 
that  "  a  perfectly  free  needle  would  describe  dur- 
ing the  day  a  species  of  double  spiral  produced 
by  acompound  circular  motion  having  two  periods, 
the  one  diurnal,  and  tlie  other  semi-diurnal ;  or 
of  two  periods,  the  one  while  the  sun  is  above 
the  horizon,  and  the  other  while  it  is  below ;  the 
excursions  of  which  are  in  the  proportion  that  tlio 
diurnal  arcs  bear  to  the  nocturnal,  and  have  for 
principal  axis  the  local  magnetic  meridian." 
Lastly,  there  is  a  fundamental  characteristic  of 
all  the  principal  elementary  jieriods,  which  con- 
sists in  the  muximum  and  minimum  being  about 
six  hours  distant  from  one  another. 

e.  Total  Force. — Colonel  Sabine  has  inves- 
tigated whether  the  maxima  and  minima  of  the 
total  force  vary  during  the  year;  liotn  the  dis- 
cussion of  the  observationfl  at  llobartou  and 
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Toronto  he  has  arrived  at  the  conclusion  tl. 
the  total  force  has  its  maximum  in  the  montl'? 
of  December  and  January-  in  both  hemisphur 
although  these  correspond  to  opposite  seaso;, 
Such  a  law  corresponds  too  nearly  with  the 
change  of  the  distance  of  the  earth  from  the  sun 
to  admit  of  our  doubting  that  it  depends  upon  it. 
We  have  then  that  ''the  disturbing  force  of  the 
sun  increases  as  its  distance  from  us  diminis/te.t, 
and  does  not  depend  on  the  temperature  of  the 
seasons."  The  exact  determinations  of  this  force 
hitherto  obtained  are  too  few  to  enable  us  to  get 
out  the  rigorous  expression  of  this  law,  that  is, 
whether  it  is  inversely  as  the  square  of  the  dis- 
tance; but  the  fact  appears  to  be  established, 
and  will  perhaps  be  brought  out  by  the  discussion 
of  other  observations,  particularly  if  care  be  taken 
to  eliminate  from  them  the  periodical  changes 
which  depend  on  the  seasons,  and  the  secular 
changes. 

III.  In-egular  Changes  and  General  Refec- 
tions.— "We  shall  now  briefly  discuss  the  diffei-eiit 
hypotheses  which  have  been  proposed  to  account 
for  the  diurnal  magnetic  period;  taking  ihe 
opportunit}'  of  referring  to  the  extraordiudry 
variations.    Justice  must  be  done  to  the  en- 
lightened spirit  of  modern  physicists,  who,  intent 
on  the  study  of  facts  and  their  laws,  care  little 
to  construct  hypotheses ;  from  this  it  arises,  that 
whatever  has  been  proposed  has  been  rather 
by  way  of  conjecture  than  with  any  real  en 
deavour  to  establish  a  theory.    We,  too,  in  the 
same  spirit,  and  merely  for  the  purpose  if  possible 
of  combining  facts,  have  supposed  the  sun  to  act 
as  a  great  magnet.    The  explanations  hitherto 
proposed  may  be  reduced  either  to  thermo-electri 
currents  induced  by  the  sun  in  tlie  difTerent  strat 
of  the  earth,  or  to  the  electricity  developed  in  th 
meteorological  changes  of  which  the  sun  is  th 
principal  cause.  A  single  reflection  seems  to  ex 
dude  these  from  being  principal  causes  of  th 
magnetic  diurnal  period.  The  characteristic  fact 
as  we  have  already  noticed,  is  that  the  magnet! 
elements  have  a  double  period,  diurnal  and  noc 
turnal.    Now  temperature  and  the  other  caus 
suggested  have  a  simple  period,  with  greater 
less  modifications  it  is  true,  but  not  so  constant! 
repeated  when  the  sun  is  below  the  horizon 
the  magnetic  period  is  in  all  climates  and  i 
all  seasons.    This  appears  to  us  a  law  peculiar! 
characteristic  of  magnetism,  which  shows  it  to 
essentially  distinct  in  cause,  and  to  have  a  sep 
rate  origin  from  meteorologiral  phenomena; 
the  same  way  that  the  semi-diurnal  lunar  peri 
in  the  tides  is  a  ])roof  of  a  special  action  of  o 
satellite  on  the  waters  of  the  ocean,  which 
universal  gravitation.    And  just  as  the  fact  tl 
the  tide  is  more  or  less  retarded  after  the  nio 
passes  the  meridian,  is  not  a  sufficient  objecti 
to  destroy  belief  in  this  cause,  so  some  irregular 
of  a  like  nature  observed  in  the  magnetic  per 
will  not  be  sudicient  to  disprove  the  reality 
the  magnetic  action,  if  we  believe  the  p 
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ulJucecl  to  be  otherwise  sufficient.    What  has 
oil  some  to  consider  the  magnetic  period  as 
I  simple  one,  has  been,  seeing  tliat  in  certain  sea- 
ions  the  extreme  minima  occur  at  night.  Tiie 
irror  arises  from  not  distinguishing  the  absolute 
rom  the  relative  maxima;  but  these  are  the 
rue  characteristics  of  the  phenomenon,  and  ought 
1)  be  looked  upon  as  decisive  in  tlie  matter.  To 
his  proof  in  support  of  the  solar  magnetic  theory, 
iiay  be  added  another,  already  noticed  by  Col. 
abine,  and  worked  out  hy  us  in  ,  a  former  part 
f  this  Memoir,  viz.,  the  opposite  action  of  the 
\n  according  to  its  declination,  the  inversion 
?carring  exactly  at  the  epoch  of  the  equinoxes ; 
id  here  another  difference  will  be  seen  between 
le  effects  of  thermical  and  meteorological  causes, 
;id  the  magnetic  effect  of  the  sun.    The  former 
)  not  reach  their  extremes  for  a  considerable 
DOie  after  the  corresponding  astronomical  phases, 
iMe  the  latter  have  an  almost  exact  coincidence 
Uh  them,    '\^'e  do  not  pretend,  however,  that 
•ere  are  not  considerable  difficulties  in  the  way 
.  this  hypothesis ;  and  although  it  explains  very 
■fell  certain  very  singular  facts, — as,  for  example, 
e  interval  of  six  hours  between  the  diurnal 
ivixima  and  minima,  a  fact  the  explanation  of 
■lich  has  never,  as  far  as  I  am  aware,  been  even 
tempted  on  any  other  hypothesis,  and  which 
t  is  so  marked  in  all  the  magnetic  variations 
the  mean  latitudes  ;  also  the  singular  exception 
lich  it  suffers  at  the  equator,  becoming  simple 
the  horizontal  and  for  the  vertic£il  components, 
1  various  other  points, — yet  we  must  confess 
It  there  are  some  irregularities  which  our 
mnlre  do  not  explain.    Of  this  nature  is  the 
t,  that  at  St.  Helena,  and  generally  under 
equator,  the  period  for  the  declination  of  the 
lie  appears  to  be  rather  eight  hours  than 
;lve,  so  that  it  presents  sometimes  three 
xima.  Without  repeating  here  what  we  have 
1  elsewhere  in  general  terms,  viz.,  that  these 
inds  may  find  their  explanation  in  those  terms 
he  formulae  which  we  have  neglected,  we  may 
that  this  fact  may  simply  depend  on  the  con- 
ration  and  nature  of  the  ground  near  to  the 
eses  of  observation.    Thus,  for  example,  at  St. 
ena,  an  island  situated  in  the  midst  of  the 
lantic,  and  entirely  volcanic,  the  distribution 
agnetism  must  be  very  different  from  what 
a  at  a  place  in  the  interior  of  a  continent; 
we  know,  in  fact,  that  the  isogonal  lines 
dly  change  their  direction  in  passing  from 
^  to  con  ■  ' 
]*•  ly  to  ei 

■■I*  w,  too,  how  much  the  vicinity  of  magnetic 
es  may  influence  the  diurnal  variation  of  the 
lie.  This  explanation  seems  to  be  confirmed 
he  fact  that  the  diurnal  curves  derived  from 
.  '.Icclination  at  St.  Helena  resemble  much  more 
•ly  those  of  other  countries  than  the  annual 
'Ml  mean.  In  fact,  the  latter  is  exclusively 
io  the  horarj'  angle,  and  therefore  more  strictly 
indent  on  tlie  distribution  of  the  earth's  mag- 


to  continents,  and  this  explanation  may  also 
'"" equatorial  stations  near  the  coast.  We 
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netism  round  the  place  of  observation.  Tt  m.-iy 
also  be  said  that  the  small  maxima  in  the  morn- 
ing and  evening,  which  are  in  truth  for  the  most 
part  only  indicated,  are  only  a  portion  of  the 
regular  period  cut  short  midway  by  the  discon- 
tinuity introduced  by  the  passage  of  the  sun  from 
above  to  below  the  horizon,  as  we  have  elsewliere 
remarked  in  regard  to  the  periods  observed  to- 
wards evening  in  high  latitudes.  For  tliese 
reasons  we  have  urged  that  a  complete  explana- 
tion of  the  phenomenon  depends  on  the  law  of 
the  distribution  of  magnetism  on  the  globe.  1 1 
may  not  be  useless  to  state  here  what  is  habitually 
observed  at  Bombay,  that  being  a  place  situated 
to  the  north  of  the  equator,  and  in  a  latitude  not 
very  dissimilar  in  amount  to  St.  Helena,  the  lat. 
being  18°  53'  30"  N.  From  the  observations 
made  at  this  place  and  reduced  by  Mr.  Montriou, 
an  oscillation  results  analogous  to  that  of  othnr 
countries;  having  an  eastern  maximum  a  Utile 
before  8*',  and  a  minimum  between  noon  and  1 
P.M.  Besides  which,  there  are  two  other  snuU 
oscillations,  one  near  sunrise,  the  other  near  sun- 
set; it  is  evident  that  this  is  the  nocturnal  period 
interrupted  by  the  interposition  of  the  earth. 
During  the  night  the  needle  has  a  very  small 
oscillation.  The  horizontal  force  has  a  simple 
period,  but  with  disturbances  which  indicate  the 
commencement  of  a  secondary  period ;  the  vertical 
force  shows  a  tendency  to  a  like  period.  When 
the  observations  have  been  continued  for  a  greater 
number  of  years,  more  certain  results  will  be  ob- 
tained. See  Obs.  Magn.  and  Meteor.,  at  the  Obs. 
of  Bombay  for  the  year  1847,  part  1,  p.  493, 
and  plate  1.  The  editor  of  the  Bombay  Obsena- 
tions  then  concludes  : — "  The  presence  of  the  sun 
seems  to  produce  gi-eat  magnetic  variations  in  tlie 
day-time,  and  it  is  otherwise  manifest  that  it  is 
not  on  account  of  the  heat  only  of  that  body ; 
for  if  this  was  the  case,  the  curves  of  the  tem- 
perature would  be  similar  to  the  magnetic  curves. 
Besides,  the  presence  of  the  sun  begins  to  be  felt 
two  hours  belbre  sunri-se,  and  lasts  almost  as  long 
after  sunset,  so  that  the  solar  magnetic  influence 
appears  to  be  quite  independent  of  the  temperature 
of  the  place."  But  we  are  very  far  from  deny- 
ing that  meteorological  causes  may  often  affect 
the  needle;  we  know  that  every  meteorological 
change  is  accompanied  bj'  a  change  more  or  less 
marked  in  the  vapour  of  the  atmosphere,  and 
therefore  by  a  development  of  electricity.  But 
when  the  needle  is  usually  seen  to  complete  its 
regular  oscillation  tranquilly  in  the  midst  of  the 
most  violent  storms,  and  during  tempests  loaded 
with  electricity,  with  tremendous  tiiunder  and 
lightning,  it  may  well  be  asked,  What  are  the 
conditions  under  which  ekctrici/i/  must  develop 
itself  in  order  to  affect  the  needle?  That  such  an 
action  does  exist,  however,  appears  to  be  proved 
by  the  fact,  that  in  our  climates  the  needle  per- 
forms its  oscillation  with  the  greatest  regularity 
during  calm  and  serene  days,  and  that  on  change 
of  weather  this  regularity  is  invariably  disturbed. 
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Wo  have,  in  proof  of  I  his,  a  years  observations 
at  Rome:  and  it  would  be  well  to  discuss  mag- 
netic observations  more  from  the  meteorological 
point  of  view  than  has  hitherto  been  done.  From 
the  few  observations  wiiich  we  have  made,  it 
appears  that  light  and  passing  overcloudings 
have  more  effect  on  the  needle  than  tempests 
tiiemselves.    At  Rome  the  perturbations  exhibit 
themselves  in  tliat  particular  state  of  the  atmo- 
sphere in  which  there  are  slightly  phosphorescent 
clouds  having  at  night  the  appearance  of  the 
rudiments  of  the  aurora  borenlis.    This  fact  was 
observed  by  us  a  second  time  on  the  evening  of 
the  27th  of  July.   We  were  making  some  obser- 
vations on  stars  in  the  meridian,  when  towards 
half-past  nine  we  were  interrupted  by  a  slight 
overclouding  coming  from  the  north ;  a  very  rare 
occurrence,  since  generally  with  us  the  sky  be- 
gins to  be  overcast  in  the  south-west.   While  we 
were  waiting  for  it  to  clear,  the  cloud  appeared 
slightly  luminous  at  the  edges,  so  that  there 
seemed  to  bo  a  diflVision  of  the  milky  way  in 
unwonted  parts  of  the  heavens.    Soon  after  this 
it.  cleared,  and  the  observations  were  continued ; 
but  almost  immediately  the  same  overclouding 
recommenced  with  the  same  luminous  appearance. 
I  then  remembered  the  fact  observed  before,  that 
a  similar  state  of  the  atmosphere  had  been  accom- 
panied by  magnetic  perturbations,  and  on  going 
to  look  at  the  magnetometer  I  found  it  more  than 
20  divisions  (about  7|')  out  of  its  usual  position, 
and  the  regular  observation  made  at  9-35  had 
been  marked  by  the  observer  as  being  an  extra- 
oidinary  one  for  that  hour.    This  was  the  more 
striking  from  the  needle  having  performed  its 
diiirnal  oscillation  with  the  greatest  regularity 
during  the  whole  of  the  preceding  season.  This 
was,  without  doubt,  a  plienomenon  of  the  kind 
which  accompanies  the  aurora  borealis.    But  it 
may  be  asked,  was  the  condensation  of  vapours 
the  cause,  or  the  effect,  of  the  perturbation  ?  It 
is  generally  considered  to  be  most  probable  that 
the  perturbation  is  the  effect ;  but  is  this  certain  ? 
M.  De  la  Pave  has  proposed,  in  his  IMemoir  on 
the  Aurora  Borealis,  a  theory  which  accounts 
with  some  felicity  for  the  effects  of  atmospheric 
elect litity  on  the  needle:  but  it  may  be  doubted 
whether  this  cause  is  suflicient  to  explain  all  the 
facts  to  which  the  author  would  apply  it.  An 
accurate  study  of  the  laws  to  which  the  extra- 
ordinary perturbations  of  the  needle  are  subject, 
combined  with  the  study  of  the  aurora  borealis, 
can  alone  throw  light  on  this  question.  All  that 
we  know  with  certainty  on  this  subject  is,  like 
so  much  besides,  due  to  Colonel  Sabine.   He  has 
colkc'ed  the  principal  results  at  which  he  has 
arrived  from  the  discussion  of  the  Uoharton  and 
Toronto  Observaliom  in  a  memoir  inserted  in  the 
rhilosopliical  Transactions  (March,  1852),  from 
w  hich  we  will  give  a  short  extract,  as  well  to 
complete  the  exposition  of  the  laws  of  the  mag- 
netic clinnges,  as  to  obtain  some  light  for  guid- 
ance ill  future  researcliea.    A  comparison  of  tiic 


Toronto  and  TTobarton  observations  establishes, 
that  even  the  extraordinary  perturbations,  thougli 
occurring  at  all  hours  of  the  day,  j-etwhen  taken 
in  a  mass,  have  a  regular  period,  which  depends 
on  the  local  time,  and  have  opposite  directions 
in  the  opposite  hemisplieres ;  so  that  the  pertur- 
bations which  cause  an  easterly  deviation  at 
Toronto,  cause  a  westerly  deviation  at  Hobarton, 
in  conformity  with  the  complete  magnetic  anta- 
gonism at  the  two  stations.    This  fact  is  elititeil 
without  difficultj'  from  the  coincidence  of  the 
perturbations  observed  at  the  two  places  in  the 
same  day,  with  a  difference  in  local  time  corre- 
sponding to  their  difference  in  longitude.  The 
general  result  is,  tliat  easterly  perturbations  at 
Toronto  and  westerly  perturbations  at  Hobarton, 
have  their  minimum  in  number  and  magnitude 
during  the  day  and  their  maximum  during  the 
night.    This  maximum  occurs  at  Hobarton  be- 
tween 10"  and  11^,  and  at  Toronto  at  S".  This 
difference  in  time,  as  we  have  already  remarked, 
occurs  in  all  the  other  magnetic  changes.  The 
minimum  occurs  at  Hobarton  between  5  and  6 
A.M.,  and  at  Toronto  between  2  and  3  p  5L  The 
easterly  perturbations  at  Hobarton  and  the  west- 
erly at  Toronto,  have  a  distinct  period.  Their 
maximum  at  Toronto  is  at  5  a.m.,  and  at  Ho- 
barton at  6  A.M. ;  the  minimum  at  Toronto  is 
between  9  and  10  p.m.,  and  at  Hobarton  at  10 
P.M.    Taking  the  perturbations  in  mass,  and 
laying  down  the  cun'e  representing  their  mean 
effect  on  the  curs'C  of  the  diurnal  oscillation  of 
the  needle,  the  following  law  is  elicited: — "The 
morning  perturbations  tend  to  diminish  the  or- 
dinary excursion  of  the  local  period,  and  the 
evening  ones  to  augment  it."    This  law  may  be 
enunciated  in  another  way.    "  The  pole  which 
turned  to  the  sun  is  by  the  mean  effect  of  the 
perturbations  moved  towards  the  east  from  5  . 
to  5  P.M.    About  6  A.M.  and  6  p.m.  it  passes 
zero,  and  the  rest  of  the  day  is  moved  to  tb( 
west.    The  maximum  movement  in  the  morning 
is  at  about  7,  and  in  the  evening  at  about  9.  Iii 
both  places  a  secondary'  minimum  towards  th^ 
west  is  observed  at  nooii."    In  other  respects  th(| 
curves  are  tolerably  regular  and  of  the  usuaif 
form;  but  at  Hobarton  the  principal  maximunj 
and  minimum  are  less  marked  than  at  Toronto >[ 
the  march  of  the  two  cun-es  is  in  direct  oppoj 
sition  at  the  two  stations.    These  conclusion! 
agree  with  those  of  Jlr.  Broun  at  IMakcrstoun.  »l 
mav  be  seen  in  the  results  for  1846.  p.  87,  platf 
1.  '  The  following  are  the  results  with  respect  tl 
the  frequency  and  magnitude  of  the  perturbatioiT 
in  the  different  months  of  the  year:— "Tlj 
mean  value  of  a  perturbation  is  a  maximum  ij 
tlie  equinoctial  months,  less  in  the  winter  montbl 
:uid  a  minimum  in  the  summer  months."  n 
Hobarton  the  difference  between  the  summer  .nj 
the  equinoctial  months  is  scarcely  perceptibj 
The  proportions  of  the  frequency  and  of  the  i 
uitudc   of  the   perturbations  in  each  monifl 
'•elativelv  to  the  sum  of  those  observed  in  a  yejj 
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ome  out  a  mininniiu  in  the  winter  months,  a 
uixinuun  in  tlie  equinoctial  months,  and  inter- 
nedi'itu  in  the  sunnner  months.    These  conclu- 
iiins  liowevcr,  may  be  somewhat  varied  by  the 
e  of  diti'erent  systems  of  reduction,  depending 
liiefly  on  the  definition  of  an  extraordinary  per- 
irbation.    This  is  not  the  case  in  the  laws  of 
he  perturbations  taken  with  reference  to  the  da_v, 
cause  in  that  case  all  the  methods  of  reduction 
ring  out  the  same  result.    Thus  the  same  result 
^  seen  in  the  curves  given  by  Mr.  Broun,  whose 
iiethod  of  reduction  is  difliirent  from  that  used 
y  Colonel  Sabine.    But  a  most  singular  fact, 
» hich  has  been  discovered  in  these  researches,  is 
lie  start  which  the  mean  aimual  values  of  the 
rturbatioiis  take  between  the  years  1845  and 
^i46,  when  they  are  almost  doubled.  This 
eing  a  fact  of  the  greatest  importance.  Colonel 
ibine  has  endeavoured  to  place  it  beyond  doubt 
the  best  possible  proofs.    The  following  is  the 
.able  given  by  him  (p.  1 15)  : — 


Ealios  of  the  number  Hatios  of  the 

Tear.  of  peiturbations.  nggiegata  values. 

1««  0-60  0-52 

^•^^4  0-78  0-78 

1845  0-72  0  65 

1846  1-20  1-15 
IS  17  1-28  ]-42 
1S18  1-43  1-52 


vhe  circumstance  of  the  last  three  years  having 
:itios  almost  double  of  the  first  three,  appears  not 
i  be  accidental,  particularly  when  we  observe 
..lat  in  the  two  obser\'atories,  which  are  almost 
:itipodal,  the  same  fact  appears,  and  that  during 
1  the  six  years  the  same  instruments  were  em- 
•oyed.    Besides,  in  the  same  years  the  observed 
imrnal  e.^cursions  of  the  declination,  of  the  incli- 
:ntion,  and  of  the  total  force,  have  sensibly  in- 
ieased  beyond  the  limit  of  any  probable  error, 
i-astly,  the  same  fact,  in  regard  to  the  diurnal 
:cursion  of  the  declination,  results  from  the 
viservations  of  Dr.  Lamont  at  Munich  in  Ba- 
iiria.    Further  observations  may  throw  much 
'fht  on  tliis  subject.    For  tlie  present  we  can 
My  say  with  Colonel  Sabine,  that  so  general  a 
ange  in  the  march  of  all  the  magnetic  elements 
mands  a  proportionate  cause  ;  and  that  as  these 
1  not  arise  from  tiie  ordinary  effects  of  the 
■mate,  which  in  these  years  have  e.xhibited  no 
"traordinary  change,  it  is  necessary  to  seek 
•-aie  other  cause.    Colonel  Sabine  also  points 
It  the  singular  coincidence  between  the  years  of 
5  maximum  and  minimum  of  these  niagnetic 
'iflnges  and  those  of  the  maximum  and  mini- 
■Jm  number  of  the  solar  spots,  observed  by 
■hwabe  in  these  years.    This  number  was  a 

.9^1  sV-r"  ^^^^  ""'^    maximum  in 

''."'l  l'>om  these  and  from 

'er  observations.  Wolf  has  deduced  a  decennial 
;oam  tiie  changes  of  tlicse  .spots ;  and  it  re- 

•^'lins  to  investigate  whether  a  like  march  can  be 
hi:  magnetic  observations.  The 

>b  cation  of  Arago's  observations  has  come  op- 

ttunely  for  this  comparison.   From  the  table  at 
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p.  600-501,  vol.  i.  of  his  Scientific  Works,  the  de- 
clination needle  appears  to  have  had  a  minimum 
excursion  in  1823  and  1 824.   Before  that  it  was 
greater,  and  having  reached  this  minimum,  it  in- 
creased continuously  until  it  arrived  at  a  maxi- 
mum in  1829.  These  epochs  corres])ond  with  those 
derived  from  the  period  observed  in  the  solar  spots, 
which  was  a  maximum  in  1828  and  a  minimum 
in  1823.    From  the  Gottingen  observations,  we 
find  a  maximum  in  the  excursions  of  the  decli- 
nation needle  in  1836-37.    This  maximum  also 
coincides  wdth  a  maximum  of  the  solar  spots  in 
Schwabe's  table.    Hence  Colonel  Sabine  thinks 
it  not  impossible  that  changes  in  the  solar  atmo- 
sphere may  extend  their  influence  to  the  earth 
in  the  form  of  magnetic  action.    The  truth  is, 
that  to  consider  the  whole  complexity  of  magnetic 
perturbations  as  a  mere  meteorological  effect, 
appears  to  be  assigning  to  them  a  cause  not  ade- 
quate to  the  effect.     The  fact  mentioned  above, 
that  the  maxima  of  the  perturbations  at  Ho- 
barton  succeed  each  other  with  the  same  retarda- 
tion as  the  other  magnetic  phases,  is  one  which 
cannot  be  explained  either  by  the  retardation  of 
the  effect  of  temperatures,  or  by  the  condensation 
of  vapour,    ^\'e  cannot  conceive  how  these  should 
account  for  the  general  retardation  of  one  hour. 
It  is  then  a  pureh-  magnetic  fact,  the  explanation 
of  which  depends  on  that  of  the  physical  cause  of 
solar  and  terrestrial  magnetism.   The  same  mav 
be  said  of  the  greater  perturbations  at  the  epochs 
of  the  equinoxes,  which  certainly  bear  no  relation 
to  the  state  of  the  atmosphere  or  to  the  solar 
heat.    Colonel  Sabine  makes  the  acute  observa- 
tion, that  the  coincidence  of  the  solar  spots  with 
the  maximum  of  the  perturbations  demands  a 
cosmical  cause,  depending  on  that  body.  We 
may  be  permitted  to  refer  here  to  the  hvpothesis 
of  Mairan  on  the  solar  atmosphere,  and  on  its 
relation  to  the  zodiacal  light  and  the  aurora 
boreahs,  and  therefore  to  the  magnetic  perturba- 
tions.   "R  e  are  far  from  admitting  the  theory 
as  proved,  since  it  appears  impossible  to  admit 
that  the  solar  atmosphere  extends  so  far  as  half 
the  radius  of  the  orbit  of  Mercury,  whence  it  is 
rather  to  be  inferred  that  the  zodiacal  light  de- 
pends on  a  nebulous  ring  circulating  round  tlie 
sun  between  Venus  and  the  Earth.    But  what- 
ever hypothesis  be  adopted,  there  are  various  co- 
incidences which  may  be  deserving  of  regard. 
Mairan  had,  even  in  his  da}',  remarked"  the 
greater  frequency  of  the  aurora  borealis  at  the 
equinoxes,  the  epochs  at  which  the  zodiacal  light 
is  most  visible.    Neither  had  the  relation  be- 
tween the  greater  frequency  of  the  aurora  borealis 
and  the  epochs  of  the  greater  solar  spots  escaped 
him,  a  relation  already  remarked  by  Cassini. 
The  paucity  of  observations  at  tliat  time  per- 
mitted suggestions  to  be  made  which  have  been 
since  proved  to  be  groundless ;  but  in  generui 
such  coincidences  are  worthy  of  consideration 
Modern  observations  of  the  eclipses  of  the  sun  of 
the  protuberances  and  of  the  corona,  as  also  of  ilw 
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spots,  of  the  temperature  of  various  parts  of  the 
disc,  as  well  as  photographic  impressions,  have 
placed  beyond  doubt  the  existence  of  the  solar 
atmosphere  even  beyond  the  zodiacal  light.  In 
reading  Mairan,  one  cannot  help  seeing  the 
serious  difficulty  which  he  finds  in  explaining 
Why  the  auroras  have  their  maximum  at  the 
equinoxes,  and  not  at  the  epochs  at  which  the 
earth  passes  through  the  nodes  of  tho  s.)lar  atmo- 
sphere ;  but  do  we  truly  know  the  place  of  the 
nodes  of  the  zodiacal  light?  He  assumes  that 
they  are  the  same  as  those  of  the  solar  equator, 
but  this  is  not  proved ;  and  if  the  zodiacal  light 
constitutes  a  ring,  it  might  well  be  otherwise. 
On  the  magnetic  hypothesis,  the  greater  frequency 
of  the  aurora  at  the  epochs  of  the  equinoxes 
•would  have  relation  to  the  position  of  the  poles  of 
the  sun  with  reference  to  the  earth,  these  poles 
being  in  fact  more  directed  towards  the  earth  at 
the  equinoxes,  and  being  more  or  less  oblique  to 
it  at  other  times.  Those  who  hold  the  theory  of 
the  production  of  electricity  by  vapours,  may 
suy  that  these  become  rarefied  in  the  morning 
and  condensed  in  the  evening;  and  hence  may 
arise  opposite  electric  states,  the  fluid  passing  in 
the  morning  from  the  earth  to  the  atmosphere, 
and  ill  the  evening  from  the  atmosphere  to  the 
earth.  This  may  be  true ;  but  why  should  this 
condensation  always  take  place  at  nine  in  the 
evening?  The  hygrometric  curves  of  the  dif- 
ferent months  show  at  all  events  a  ^•ariation  in 
the  hour  of  maximum  according  to  the  seasons. 
A  hypothesis,  however,  can  be  found  which 
■would  conciliate  the  various  facts,  viz.,  that  atmo- 
sjilieric  changes  may  generate  electricity,  but 
that  the  direction  of  the  current,  which  of  itself 
■would  be  indeterminate,  may  be  determined  by 
the  magnetic  action  of  the  sun.  But  to  expand 
this  further  into  a  hypothesis  would  be  at  present 
premature.  We  shall  only  say  that  it  is  not  im- 
probable that  the  earth  is  subject  to  the  magnetic 
action  of  the  sun  in  a  manner  unknown  to  us  ; 
but  now  that  magnetic  phenomena  are  develop- 
ing themselves  under  so  many  aspects,  we  may 
hope  that  the  explanation  of  these  mysterious 
actions  will  not  be  withheld.  Not  only  magnetism, 
but  diamagnetism  also  may  co-operate,  and  still 
more  the  induced  currents  which  exist  in  bodies 
of  every  kind.  Two  things  only  I  wish  to 
notice.  First,  the  value  assigned  by  Gauss  to 
the  magnetism  of  a  cubic  metre  of  the  earth, 
is  such  as  to  make  one  believe  that  the  Avhole 
mass  of  the  earth  is  really  magnetic,  and  that 
this  fjrce  results  not  only  from  ferruginous  sub- 
stanccH,  but  from  the  whole  globe  itself.  He 
proves,  in  fact,  that  the  eighth  part  of  a  cubic 
metre  of  the  earth  has  a  magnetic  moment  equal 
to  that  which  is  possessed  by  a  bar  of  steel  1  lb. 
in  weight  and  30  centims.  in  length,  magnetized 
to  saturation.  He  justly  observes,  that  such  a 
result  must  surprise  physicists,  md  that  it  would 
require  8,464  trillions"  of  such  bars  to  represent 
in  space  the  magnetic  force  of  the  earth !  The 


MAG 

other  is,  that  magnetism  may  act  upon  bodies  in 
a  manner  quite  surprising,  and  of  which  we  are 
very  far  from  forming  an  idea  before  .seeing  iu 
effects.  The  marvellous  experiment  performed 
with  Ruhmkorff's  apparatus,  in  whicli  a  cube  of 
brass,  two  centims.  in  the  side,  rotating  with  the 
greatest  rapidity,  is  struck  motionless,  if  I  may 
use  the  expression,  by  an  invisible  force  at  the 
moment  of  the  completion  of  the  circuit  of  the 
great  electrical  magnet  between  the  poles  of 
which  it  is  situated,  and  ■ftdthout  being  drawn  to 
one  side  or  the  other,  remains  there  fixed,  in  spile 
of  the  powerful  torsion  of  the  wire  whicli  ttnds 
to  cause  it  to  rotate, — and  resumes  its  rapid 
motion  when  the  current  ceases, — proves  that 
non-magnetic  bodies  in  motion  may,  under  the 
influence  of  a  magnet,  give  rise  to  phenomena  of 
the  most  mj-sterious  nature.  An  action  of  this 
kind  must  take  place  between  the  earth  and  the 
sun,  and  thus  perhaps  may  be  explained  some  of 
those  anomalies  which  still  present  no  small 
ditficulties  to  ever}'-  theory  -which  is  proposed. 
— The  matters  now  discussed  at  length  may  be 
summed  up  as  follows  : — 1.  The  action  of  the  sun 
upon  the  needle  is  opposite,  according  as  the  sun 

is  north  or  south  of  the  equator  2.  The  action  ot 

the  sun  on  the  declination  needle  has  a  period,  ia 
part  but  not  entirely,  analogous  to  that  of  the 
temperature  and  of  the  annual  and  diurnal 
meteorological  changes. — 3.  The  periods  of  the 
horizontal  and  vertical  components,  foUo-wing  tlie 
law  of  the  geographical  latitude,  and  occurring 
at  hours  wholly  different  from  the  variations  of 
temperature,  show  a  different  origin  from  these. 
Therefore,  if  the  coincidence  in  time,  in  the  varia- 
tions of  the  temperature  and  declination,  have 
contributed  to  the  belief  of  the  existence  between 
these  two  of  a  mutual  relation  of  cause  and 
effect,  the  study  of  the  other  components  makes 
this  coincidence  disappear,  and  therefore  destroys 
every  foundation  of  the  hypothesis. — 4.  All  the 
phenomena  hitherto  known  of  the  diurnal  mag- 
netic variations  may  be  explained  by  sup)iosiiy 
that  the  sun  acts  upon  the  earth  as  a  very  power- 
ful magnet  at  a  great  distance. " 

IV. 

General  Theory  of  Ticrrestrlvl  JIag- 

NETisJi  The  mass  of  results  presented  above 

sufficiently  manifests  how  wide  and  important 
the  subject  of  Terrestrial  Magnetism  has  now 
become.  Nor  can  the  inference  be  missed,  that 
with  all  we  have  learnt,  the  time  has  not  arrived 
for  final  conclusions  as  to  the  seats  and  modes  of 
those  actions,  whicli  are  expressed  by  the  liabi 
tudes  of  the  Free  Needle.  Those  are  cvidentl 
cosinical.  It  appears  almost  establislied  by  Besse 
(see  Comets),  tiiat  the  forms  of  cometic  bodie 
are  due  largely  if  not  entirely  to  the  energy  of 
Polar  Force  originating  in  the  Sun  ;  and  it  can 
not  be  doubted  that  to  the  magnetic  power  of  tli 
great  orb,  the  phenomena  of  Terrestrial  Magnet 
ism  are  mainly  owing.  It  has  been  rcndcrei 
probable,  too,  especially  by  the  Jlakcrstoui 
GO 
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o'-iservations,  that  our  satellite  plays  a  certain  part 

1  reference  to  the  oscillations  of  the  Needle;  so 
iliat  for  any  complete  theory  we  must  be  satis- 
fied to  wait. — But  there  is  another  and  simpler 
view  that  may  be  taken  of  the  theoretical  part  of 
the  problem  of  Terrestrial  Magnetism.   It  is  one 
tiling  to  speculate  regarding  Phj'sical  Causes ; 
but  usually,  it  is  far  more  witliin  our  reach  to 
determine  the  abstract  laws  of  a  phenomenon, 
irrespective  of  hypotheses  regarding  its  Physical 
Cause.    The  method  of  procedure  in  science  is  a 
mixed  one,  and  determined  in  each  case  by  cir- 
umstances.    Without  the  substitution  of  the 
lihysical  hypothesis  of  undulations,  we  should 
have  made  but  poor  way  in  Optics :  on  the  other 
hand,  Newton's  discovery  of  the  Law  of  Universal 
Gravitation,  had  not,  even  in  his  mind,  any  rela- 
tion whatsoever  to  those  physical  speculations  as 
to  the  origin  of  gravitation,  in  which  it  ap- 
pears that  he  was  fain  at  times  to  indulge.  The 
Xewton  of  Terrestrial  Magnetism,  is  unquestion- 
ibly  Gauss ; — not  that  he  has  definitively  lighted 
■  u  ultimate  laws,  but  that  he  has  used  Newton's 
purest  method,  and  evidently  come  very  near 
those  Laws :  nor  can  it  be  questioned  that  during 
tlie  later  years  of  his  life  he  had  no  rival,  nor 
•  siuce  his  death  any  adequate  successor, — (excep- 
tition  taken  of  our  own  Sir  W.  R.  Hamilton) — in 
tithe  power  to  pierce,  by  analytic  energy  and  skill, 
tito  the  root  of  a  class  of  cognate  but  apparently 
<i  diverse  phenomena.    Much  as  Gauss  has  ac- 
complished, his  greatness  will  not  be  known,  until 
wwe  obtain  those  posthumous  fragments  promised 
;by  Lejeune  Dirichlet.    France  has  recently  col- 
lected and  republished  all  the  works  of  her  La- 
•Iplace  :  why  should  not  Hanover  similarly  honour 
•ierself  by  offering  to  the  scientific  world  an  acces- 
sible collection  of  the  equally  remarkable  efforts 
f  Gauss?   Previous  to  the  writings  of  the  illus- 
rtrious  mathematician  of  Gottingen,  all  physicists 
Jiad  proceeded  to  explain  the  more  general  pheno- 
>mena  of  Terrestrial  Magnetism — and  these  only 
-by  aid  of  a  physical  sub-sumption.  Gilbert 
'fancied  the  earth  a  magnetic  bar  with  specific 
poles;  Halley  claimed  two  magnets  with  four 
corresponding  poles;  Euler  reclaimed  for  Gilbert; 
i;Hansteen  reverted  to  Halley, — correcting  his 
specific  views,  by  aid  of  more  abundant  facts ; 
jBarlow  and  others  have  taken  as  their  foundation 
he  idea  of  Thermo- Electric  Currents,  and  with  a 
iiuccess  sufficient  to  manifest  that  the  physical 
i»use  or  ground-work  on  which  they  build  is  b}' 
10  means  a  hollow  or  fantastic  one. — But  all 
-hese  speculations  were  extremely  general.  Some- 
i^raes,  as  iri  the  ca.se  of  Hansteen's  rotating  poles, 
<t  was  an  itjnolum  per  iffnolius:  in  other  cases, 
he  miituliie  were  not  explained,  and  we  were 
Nirown  back  on  theories  and  hypotheses  quite 
s  puzzling  in  themselves  as  the"  phenomena  of 
-errestrial  Magnetism.    Gauss  freed  himself, 
0  initio,  from  all  ."^peculation.    "  Certain  definite 
nets  regarding  tlie  M;ignetic  Force  of  the  earth 
i»ve  been  determined  bv  observation.    It  mat- 
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ters  not  whether  that  i.s  an  inherent  Force  or 
an  induced  Force;  the  law  of  the  decrea.se  of 
the  Energy  of  that  force  in  relation  to  distance, 
is  as  well  knov.'n  as  the  Law  of  Gravita- 
tion:— how,  then  can  we  represent  the  result- 
ant of  the  magnetic  influences  of  all  tho 
atoms  of  such  a  globe  as  the  earth,  whether 
these  influences  bp  induced  or  innate?  In  en- 
countering such  a  problem.  Gauss  undertook — 
(what  had  never  been  laid  before) — to  show  an 
abstract  or  necessary  ground,  irrespective  of 
hypotheses,  for  the  mean  conditions  of  all  the 
Magnetic  Elements,  viz. :  Declination,  Inclinn- 
tion,  and  Intensity.  Of  the  memoir  of  the  dis- 
tinguished philosopher  of  Gottingen  we  can  give 
but  the  briefest  sketch.  Recognizing  it  as  pos- 
sible, at  the  outset,  that  the  causes  of  the  irregular 
and  momentary  changes  of  the  Magnetic  Needle, 
maj'  be  either  e.Kternal  or  internal.  Gauss  remarks 
that  the}^  and  the  energies  that  produce  them  are 
exceedingly  small  in  comparison  with  phenomena 
due  to  the  general  directive  Magnetic  Force  of  the 
Earth;  and  that  this  directive  Force  itself  is  a  force 
essentially  represented  and  defined  by  the  Mean 
Values.  But  such  a  general  force,  or  the  Terres- 
trial Magnetic  force  as  thus  manifested,  must  be 
the  mere  resultant  or  collective  action  of  all  the 
magnetized  particles  of  the  earth's  mass.  No 
matter  what  the  physical  cause  of  magnetism— 
whether  that  be  a  separation  of  magnetic  fluids, 
or  an  arrangement  of  Galvanic  Currents — it  is 
enough  that  it  is  a  polarity  characterized  by 
equivalent  repulsions  and  attractions  varying  in- 
verselj'  as  the  square  of  the  distance.  Suppose, 
then,  that  the  whole  volume  of  the  earth  is 
divided  into  infinitely  small  elements — and  that 
each  element  contains  a  quantity  of  free  magnet- 
ism, it  is  evident  that  the  total  force  of  the  earth 
must  be  expressible  by  some  definite  formula  or 
function.  Unfortunately  the  law  of  the  distri- 
bution of  magnetism  within  the  earth  is  utterly 
unknown  ;  that  is,  we  cannot  connect  the  quan- 
tity of  magnetism  in  any  of  the  foregoing  infinitely 
small  elements,  with  the  position  of  that  clement. 
The  form  of  the  Potential  Function  is  on  this 
account  quite  undetermined  and  indeterminable  : 
but  Gauss,  by  an  exercise  of  extraordinary  saga- 
city and  skill,  demonstrated,  that  whatever  its 
form,  the  f(niction  in  question  must — because  of 
the  conditions  it  is  required  to  satisfy — enjoy 
certain  properties  that  in  themselves  are  prolific 
in  positive  results.  For  instance,  after  restricting 
the  term  "Magnetic  Pole"  to  those  places  of  the 
earth  where  the  horizontal  intensity  vanishes,  and 
where  the  dip  is  90°,  he  shows  that  there  cannot — 

under  any  consistency'  with  actual  jjlienomena  

be  more  than  o.nu  A''orth  Pole  and  one  Sout/i 
Pole.  And  he  deduces,  further,  tiie  two  follow- 
ing remarkable  theorems; — 1.  If  we  know  the 
component  of  the  horizontal  inn;/netic  force  di- 
rected toiuards  the  north  for  the  whole  surface 
of  the  earth,  then  the  component  towards  the  west 
or  towards  the  east  foUows  of  itself:  and,  '2d. 
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Almost  e  ronverso,  If  we  /enow  the  component  of 
the  liDrizoiUal  maynelic  force  in  tlie  direction 
lovmrds  the  west  for  the  whole  of  the  earth's  sur- 
face, and  the  component  towards  the  north  for 
all  points  of  some  one  line  extending  from  the 
north  pole  to  the  south  pole,  the  latter  component 
for  the  whole  of  the  earth's  surface  follows  of 
itself    This  same  knowledge  of  tlie  potential 
function  furnished  by  the  horizontal  component 
for  all  points  of  the  earth's  surface,  Gauss  like- 
wise showed  to  be  sufficient  to  give  its  value  for 
all  points  of  external  space.    But  the  portion  of 
this  remarkable  memoir  which  excited  the  most 
sanguine  hopes  as  to  the  ultimate  and  full  solution 
of  the  great  problem  of  terrestrial  magnetism,  was 
those  successive  theorems,  in  which  it  seemed  de- 
monstrated that  the  component  of  the  magnetic 
force  of  the  earth  for  any  point  of  the  earth's  sur- 
face may  be  obtained  by  combining  with  given 
functions  of  the  latitude  and  longitude  of  that 
p  lint,  certain  constant  co-efficients — not  probably 
exceeding  twenty-four  in  nnmber — that  could  be 
deduced  from  a  suj/icient  number  of  the  observed 
values  of  those  components  in  dijjeienl  and  as- 
signed localities.    The  calculations  that  require 
to  be  accomplished  for  the  verification  or  rather 
the  realization  of  Gauss's  formulte  are  exceed- 
ingly laborious,  but  with  the  aid  of  Weber,  and 
a  few  assistants,  he  undertook  them ;  and  the 
actual  conclusions  are  embodied  in  his  well-kno^ra 
Atlas  des  Erdmagnetismiis.    The  labour  mainly 
consists  in  the  calculation  of  the  co-effi<  ients  (now 
universally  named  the  Gaussian  eo- efficients');  and 
this  was  again  undertaken  and  greatly  extended, 
by  Petersen  and  the  younger  Erman,  at  the  ex- 
pense of  the  British  Association.    The  results 
are  not  at  present,  in  all  cases,  quite  accordant 
with  observation;  but  whether  such  discrepan- 
cies spring  from  defects  in  the  theory,  or  fi-om 
the  limited  number  yet  existing  of  thoroughly 
accurate  experimental  determinations,  must  be 
regarded  an  unsettled  point.    This  much,  how- 
ever, is  certain, — the  foundations  of  a  purely 
rational  theory  of  Terrestrial  Magnetism  have 
been  laid  by  Gauss.    No  other  mode  of  viewing 
the  great  question  can  be  made  possible,  unless 
signal  advances  in  knowledge  shall  enable  us  to 
adopt  as  our  point  of  departure,  definite  and 
established  Physical  Causes. 
i?In5[in!ti8Hi-'rb«;riuo.    See  Tiiekmo-Mag- 

KETISM. 

iriagiirtomcicr.  A  name  given  to  instru- 
ments intended  to  measure  any  of  the  magnetic 
elements.    See  foregoing  article. 

lT3n<:iiif}'iiig  Power.    See  DvNAMETER. 

Itla::iiiiii(lr  or  Size.  An  attribute  of  bodies 
that  might  seem  the  simjilest,  but  which  is  very 
far  from  being  so;  and  regarding  which  it  is  not 
easy  to  exjilain  the  origin  of  our  notions.  Our 
notion  of  the  nuigiiitude  of  an  external  object 
is  not  a  primary  but  a  derived  one.  We  infer 
the  size  of  that  object  from  our  belief  as  to  its 
distance  from  us.    Our  primary  seusatious  tell 
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us  concerning  only  one  attribute  of  external  tlim;^ 
— viz.,  their /o77rt,  or  rather  l\\c\r  prvjtcttd  form; 
for  t\\?.  conception  of  solidity  is  also  a  secondary 
one.  Metaphysicians  have  gone  quite  wrong  in 
this  matter,  through  oversight  of  tlie  essential 
physical  conditions  or  operations  involved  in  those 
sensations  that  lead  to  our  conception  of  an  exter- 
nal object.    The  true  and  simple  fact  is  this 


A  certain  set  of  luminous  points  .sends  rays  to 
the  eye.  These  rays  make,  on  meeting  at  the 
retina,  definite  angles,  whereby  the  form  of  tlie 
body  bounded  by  these  points  becomes  apparent ; 
but  the  absolute  size  or  absolute  distance  between 
the  bounding  points  is  evidentlj'  indeterminate— 
that  depending  on  the  distance  of  the  system  of 
points  from  the  eye.  The  hypothesis  of  distance 
therefore,  enters  as  an  essential  element  into  our 
conception  of  actual  magnitude ;  nor  can  we 
compare  actual  magnitudes,  or  apparent  magni- 
tudes at  all — we  simply  compare  their  projections 
on  the  same  plane.  The  only  absolute  attribute 
of  external  bodies  is  their  fokm,  or  rather  the 
form  of  their  projections.  This  is  revealed  abso- 
lutely by  the  simple  sensation  of  vision ;  ex&ry- 
thing  else  (excepting  colour)  is  inferential  and 
secondary.    See  Parali>el  Lines. 

jnallcability.  That  property  of  metals  which 
permits  them  to  be  beaten  out  under  the  hammer 
or  extended  in  an}'  way  beneath  pressure.  The 
property  exists  in  some  metals  to  a  very  great 
extent.  It  appears  to  bear  some  relation,  though 
not  that  of  perfect  proportionality,  to  the  ductility. 
Thus,  the  following  is  the  order  of  several  nielals 
at  ordinary  temperatures  for  these  two  qualities: 

Ductility.  Uallcaliility. 


Gold. 

Silver. 

Pliitinum. 

Inn,. 

Copper. 

Ziua 

Tin. 

Lead. 


Gold. 
Silver. 
Co|iper. 
Tin. 

Platinum. 
Lcail. 
Zinc. 
Iron. 


It  appears  that  the  malleability  and  ductility  are 
both  increased,  though  probably  not  proportion- 
ally, by  increase  of  temperature.  A  very  strik- 
ing instance  of  malleability  is  to  be  found  in 
gold,  which  is  beat  into  gold  leaf  so  thin  that 
less  than  five  grains  will  cover  270  square 
inches,  giving  a  thickness  of  not  more  than 

th  part  of  an  inch. 
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IMnnoiueicr.    An  instrnment  for  measun'n 
tlie  density  or  rarity  of  gases.    As  long  as  th 
temperaluTO  of  the  gas  remains  imclianged,  tiiis  is 
proportional  to  the  elastic  force,  so  tliat  the  niea 
sure  of  this  latter  is  sufficient  uidication  of  the 
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value  of  the  former.    The  most  general  prhiciple 
^ipon  which  inauoineters  are  constructed  ap[)eiirs 
\xo  be  to  imprison  air  or  gas  of  known  ehisti- 
i;ity,  within  a  tube  closed  by  a  fluid  with  which 
lihe  gas  does  not  combine  chemically  on  juxta- 
position, and  to  allow  the  gas  to  press  on  this 
uid.    The  amount  of  the  niotion  impressed  on 
1  fluid  Avill  manifestly  indicate  the  elasticity 
■f  the  gas.    Thus,  we  can  suppose  an  upright 
ube,  containing  air  of  known  temperature  and 
ressure — less  than  the  atmospheric — standing 
1  its  open  mouth  in  a  vessel  of  mercury,  and 
aving  therefore  a  mercurial  column  of  some'heiglit 
■'ithin  the  tube.  The  sliglitest  change  in  the  elas- 
city  of  surrounding  air  will  make  the  mercury 
se  or  fall.    Other  manometers,  more  accurate 
ut  nmch  more  complicated,  can  be  made,  when 
V  vacuum  or  an  approximate  vacuum  is  obtained. 
.  ITlarriotie's  liaw.     Sometimes  also  called 
>oyle's  Law,  from  the  claim  preferred  iu  behalf  of 
at  celebrated  English  physicist  to  the  dis- 
overy.    This  law  is  the  foundation  of  the  whole 
aeory  of  elastic  fluids.    It  is,  that  in  an  elastic 
iiid,  subjected  to  compression,  and  kept  at  con- 
lant  temperature,  the  product  of  the  pressure 
ad  volume  is  a  constant  quantity,  or  the  volume 
I  inversely  proportional  to  the  pressure. — In 
ntermining,  therefore,  the  volumes  of  gases  for 
ie  sake  of  comparison,  it  must  be  always  re- 
;embered  that  they  are  to  be  reduced  to  one 
andard  pressure— thirty  inches  of  mercury. — 
I  many  gases— like  air,  oxygen,  &c.  —this  rule 
rams  to  hold  exactly  ;    but  in  those  which 
'.come  liquefied  under  severe  pressure,  departures 
mm  its  strict  expression  are  noticeable,  and  that 
■  e  more,  the  more  closely  we  approach  the  point 
"Which  liquefaction  commences.    This  must  be 
i  ipt  in  mind  when  theoretical  results  are  brought 
':o  practical  application.  Thus,  suppose  we  start 
itth  1,000  volumes  of  air,  and  1,000  volumes  of 
[Iphurous  acid  gas  (the  latter  of  which  is 
;<uefied  by  two  atmospheres  of  pressure),  we 
;all  find  by  applying  equal  pressures  the  foUow- 
J  rate  observed  : — 


JIAS 


Air, 
Acid. 


.1,000 
.  1,000 


85.3 
851 


.559 
554 


814 

301 


le  same  discrepancy  holds  with  other  liquefi- 
'^gases,  though  in  none  to  so  great  an  extent, 
'lars.  The  fourth  planet  in  our  system  count- 
them  in  order  from  the  Sun.  It  lies,  of  course, 
mediately  outside  the  orbit  of  the  Earth.  The 
ments  of  tliis  planet  having  been  alreadv 
:'en  under  Ele.mk.vts,  they  need  not  be  re- 
■:nted  here.  Jlars  seems  to  be  a  globe  consider- 
y  smaller  than  the  earth,  its  diameter  being 
;htly  upwards  of  4,000  miles,  or  about  twice 
It  of  our  Moon.  It  turns  on  its  axis  once  in 
2nty-four  hours,  thirty-seven  minutes,  and 
5nty-two  seconds,  .so  that  its  dav  and  night  are 
ty-one  mmutes,  eighteen  seconds  longer  than 
■s;  and  its  sidereal  period  or  its  year  is  com- 
ted  m  686-979  days.  The  equator  of  Mars  is 
Jqueto  the  plane  of  its  orbit  like  that  of  the 
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Earth,  the  obliquity  being  28°  42';  from  wliieh 
it  follows  that  the  surface  of  this  planet  must  be 
diversified  by  the  recurrence  cf  seasons  quite  ana- 
logous to  those  which  affect  our  globe.  M'heii 
Mars  is  nearest  us,  or  when  in  opposition,  it  U 
distant  from  the  Earth  only  by  half  the  interval 
that  separates  us  from  tlie  Sun  ;  and  at  these 
periods,  we  can  examine  its  surface  with  much 
effect  by  aid  of  our  telescopes.    Fortunately,  tliis 
inspection  is  favoured  also  by  the  fact  that  Mars 
has  only  a  small  atmos|ihere.     Tlie  physical 
features  of  this  planet  are  better  known  accord- 
ingly than  those  of  any  of  our  companion  orbs, 
excepting  in  the  case  of  the  Moon.  Several 
accurate  maps  of  its  surface  have  been  drawn, 
and  all  concur  in  showing  the  clear  outline  of 
continents  and  ocean.s — as  well  as  bright  spots 
around  the  poles,  corresponding  in  all  respects 
with  our  Arctic  and  Antarctic  fields  of  ice.  A 
good  many  years  ago.  Sir  John  Ilerschel  gave  a 
drawing  of  one  face  of  Mars,  that  has  been  exten- 
sively copied  and  reproduced  in  popular  Astro- 
nomical works.    In  the  two  figs.,  1  and  2,  Plate 
II.,  are  pictures  of  two  faces  of  Mars,  differing 
by  about  90°  of  longitude,  represented  by  the 
pencil  of  Captain  Jacob  of   Madras.  The 
planet  may  be  seen  in  that  latitude,  near  the 
Zenith,  and  of  course  under  the  most  ftivourable 
circumstances;  and  Captain  Jacob's  accuracy  is 
beyond  all  question.    These  two  plates,  therefore, 
may  confidently  be  taken  as  correct  maps  of 
those  two  sides  of  Mars,— the  darker  spaces  are 
certainly  the  oceans  ;— in  the  second  figure  there 
seems  a  long  tapering  Mediterranean.    It  cannot 
be  doubted  that  the  difierence  of  gravity  on  the 
surface  of- Mars,  and  certain  otiier  circumstances 
forbid  us  to  view  it  as  an  exact  physical  counter- 
part of  our  own  globe.    Nevertheless,  the  difl'er- 
ences  are  quite  too  small  to  constitute  it  in  any 
wise  improbable  that  the  general  functions  of  tlie 
two  orbs  are  closely  corresponding ;  and  an  in- 
habitant of  Mars  would  have  neither  more  nor 
less  difficulty  in  proving  the  Earth  uninhabited, 
than  we  should  find  were  we  disposed  to  sustain 
the  converse  thesis.— To  the  naked  eye.  Mars 
appears  a  dull  reddish  star.    It  is  the  only  one 
of  the  superior  planets,  the  sphericity  of  whose 
disc  is  at  all  affected  by  its  positive  relations  to  us 
and  the  sun.    Of  course,  it  has  no  phases  like 
those  belonging  to  the  Moon,  or  to  Mercury,  and 
Venus,  but  it  sometimes  appears  gibbous.  The 
cause  of  this,  the  student  may  make  out  by  aid 

of  a  very  simple  construction  Jlars  enters  bv 

the  perturbations  it  sufliers,  and  the  corresponding 
actions  it  induces,  as  an  essential  element  of  the 
solar  system.  One  of  its  most  interesting  rela- 
tions in  tliis  respect  has  been  already  explained 
under  Astekoiiw. 

Mass.  The  quantity  of  matter  which  a  body 
contains  is  called  its  mass.  The  only  measure 
we  have  of  this,  is  the  body's  weight.  We  know 
the  force  of  gravity,  and  we  suppose  tliat  it  acts 
equally  on  all  kinds  of  matter.  Ilence,  wheu 
09 
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two  bodies  are  equal  in  weight,  we  suppose  them 
to  have  equal  amounts  of  matter;  although  it 
would  evidently  happen,  if  this  supposition  were 
untrue,  that  there  might  be  unequal  weights  and 
yet  equal  quantities  of  matter.  There  is,  however, 
so  much  reason  to  believe  all  matter  at  the  surface 
of  the  earth  to  be  equally  acted  on  by  gravitj', 
tliat  we  do  not  liesitate  to  adopt  sucli  a  liypo- 
thesis.  Upon  this  principle  then,  tlie  weigiit  of 
a  body  is  proportional  to  tlie  product  of  the  mass 
or  quantity  of  matter  by  the  value  of  gravity  at 
the  place.  Another  meastn-e  of  mass  seeming  at 
first  to  depend  on  different  principles — is,  the  pro- 
duct of  the  volume  by  the  density.  But  wlien  v/e 
remember  that  density  can  be  measured  through 
weight  alone,  we  find  it  in  reality  the  same  defi- 
nition, and  built  on  the  same  postulate. 

lt?ai$silia.  One  of  the  Asteroids.  For  Ele- 
ments, &c.,  see  Asteroids. 

ITIatcrials,  Sii-cngth  of;— the  power  by 
which  a  substance  resists  any  eflbrt  to  destrov 
the  cohesion  of  its  parts.  It  is  clear  that  tlie 
ultimate  cause  of  all  phenomena  belonging  to 
such  a  question  lies  in  the  nature  of  the  molecu- 
lar forces  constituting  the  body ;  and,  further, 
that  the  powers  of  all  regular  bodies  to  resist 
external  violence  must  be  related  in  some  man- 
ner to  their  crystallographic  axes.  The  student 
is  referred  to  article  Strain.  This  ultimate 
theory  is  far  from  complete,  or  in  any  other  tlian 
an  initial  state;  but  there  are  signs  of  its  speedy 
and  rapid  advance.  It  is  very  important  for 
architects  to  Itnow  the  exact  forces  which  can 
be  safely  applied  to  the  substances  with  which 
they  work.  The  theory  of  the  points  where, 
and  the  directions  in  which  these  strains  and 
pressures  should  be  applied,  belongs  to  the  sub- 
ject of  practical  mechanics,  and  must  be  treated 
mathematically.  We  think  it  better  to  refer 
to  the  elaborate  worlcs  of  Barlow,  Rennie,  Tred- 
gold,  Eaton  Hodgkinson  and  Fairbairn,  on 
this  subject,  tlian  to  attempt  to  give  a  notion 
of  their  results  in  our  limited  space.  Barlow 
sliows  that  tliere  are  four  distinct  strains  to 
which  any  body  may  be  exposed— 1st,  It  may 
be  pulled  or  torn  asunder  by  a  stretching  force 
ai)plied  in  the  direction  of  its  fibres,  as  ropes, 
stretchers,  tie-beams,  &c.,  are  strained:  2d,  It 
may  be  broken  across  by  a  transverse  strain,  or 
by  a  force  acting  either  perpendicularly  or 
obliquely  to  its  length,  as  in  levers,  joists,  '&c. ; 
3d,  It  may  be  crushed,  as  pillars,  door-posts,  and 
truss-beams  are,  by  a  force  in  the  direction  of  its 
length  ;  4th.  It  may  be  twisted  or  wreuclied  by  a 
force  acting  in  a  circular  direction,  as  in  the  case 
of  an  axle  of  a  wheel. — The  following  tables 
from  the.se  experimental  works,  give  an  idea  of 
the  capacity  of  different  bodies  to  resist  some  of 
these  forces.  First,  the  power  whicli  the  follow- 
ing bodies  are  capable  of  opposing,  by  their 
coliesive  forces,  wlicn  that  power  is  applied  in 
the  direction  of  tlivir  length,  taking  a  rod  of 
each  body,  one  square  inch  in  section  — 
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Knslish  oak,   8,000  to  1 2,00n  lbs, 

f,"''    11,000  to  13,  )8b  — 

lieech   11,5  ;o  lbs. 

Muliogany,    g  qoo  _ 

Teak,   15,000  — 

Cast  steel   IW.v.lG  — 

Iron  wire,    93,9ii4  — 

SwecUsli  Imr-iron   Ti'.OGi  — 

Cast  iron   is  (i.',6  to  19,488  — 

WrouRlit  copper,  .._          3.3.79i  — 

Platinum  wire,    52,9.>7  — 

Silver,   38,-«7 — 

Gold   30  8S8  — 

Znic,    22,0-51  - 

'i'ln   7,1 -.'9  — 

''<'ad,   3,HG  — 

Rope,  one  inch  circuiiifercncu,  bore  atthe  same  rnte 
as  that  one  of  one  square  inch  seclion,  and  :lie 
fame  materials  sliouM  bear,  ...     12,5(i6  lbs. 

White  line,  hand  sjiun,  2-iiich  round,  7,037  — 
Do.      machinery,   „         12..582  — 

Rope,  3-inch  round   7,b.jS  

Do    4-inch  round,    /,84-5  

Cable,  1^'J-inch-round,  \   

Dn.    23-inch  round,    6,069  — 

Secondly;  the  strength  of  a  pillar  of  one-inch 
section,  of  the  following  materials,  or  the  max- 
imum force  it  will  bear  without  being  crushed  or 
bi'okcn  outward — 

Ehn   l,2«4Ibs.  *" 

White  deal,   1,928  

 3,'s(io  — 

Clialk   3:14  _ 

Red  brick,   533  

Porthiiid, stone  3,0 17  

Limestone   51903  — 

Aberdeen  granite,   7.-.'7fi  _ 

Cast  iron,  G,^V)7G  — 

An  excellent  article  upon  the  subject  of  the 
strength  of  materials  is  contained  in  the  I'mrny 
Cyclopaedia. 

Matlieiiiatics.  As  with  all  true  and  tlio- 
roughly  cultivated  branches  of  knowledge,  Mathe- 
matics may  be  separated  into  two  divisions,  mw  of 
which  expiscates  principles  or  methods,  and  the 
other  rules  or  applicatioTis.  The  latter  compre- 
hends everything  we  include  under  theterm  Pr.icti- 
cal  Mathematics :  it  is  with  the  former  only  tliai  i  he 
few  lines  we  can  spare  in  this  place  are  concerned. 
The  science  of  JIathematics,  in  its  most  general 
form,  may  be  defined  as  follows; — all  the  jiarts 
or  constituent  quantities  of  any  phenomenon  being 
connected  by  definite  relations,  general  methuds 
may  be  established  by  wliose  aid  one  set  of  tlle^<e 
liarts  or  quantities  may  be  deduced,  when  the  other 
parts  or  quantities  are  known: — such  general 
metliods  form  the  sum  of  all  possible  mallie- 
matics.  Viewed  in  this  light,  the  subject  in 
question  ought  to  be  the  basis  of  all  scientific 
stud}' :  although  it  were  wrong  to  allege  that  the 
culture  afforded  by  Mathematics  is  necessarily 
complete,  or  even  by  itself  a  very  satisfactoiy 
culture.  By  far  the  most  important  portion  of  our 
present  knowledge  consists  in  a  certain  insight 
into  our  inluilions,  or  into  the  nature  of  primarf. 
facts  :  Jlatheniatics,  in  its  best  sense,  simply  ill* 
structs  us  how  to  deal  with  the  ascertained  and 
definite  relations  of  these  truths  or  facts.  It  de- 
mands an  eminent  logical  faculty;  but  success  it 
it,  need  not  involve  powers  of  i)rofound  tliouiilit. 
T  his  latter  remark  aiiplies,  however,  solelv  to  tlie 
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orilinary  Mathematician;  tlie  greatest  men  re- 
quire to  discover,  in  tlie  course  of  tlieir  original 
researciics,  the  nature  of  the  relations  whose  con- 
sequences they  deduce.  Let  it  not  be  alleged 
however,  that  the  usual  study  of  Euclid  can  bring 
more  than  a  certain  limited  discipline  to  the 
mind. — Mathematics  are  divisible  into  two  great 
brandies — the  cinrvele  and  the  abstract.  Con- 
crete Mathematics  is  occupied  with  the  peculiarity 
of  the  objects  wliose  relations  are  being  deter- 
mined :  for  instance,  we  never  forget  in  the  course 
of  piu-ely  geometrical  reasoning  the  nature  of 
the  special  magnitudes  or  quantities  regarding 
which  we  are  reasoning.  In  abstract  mathe- 
matics, on  the  other  hand,  we  deal  simply  with 
established  numerical  relations  ;  and  through  the 
longest  process  of  deduction,  the  reasoner  never 
requires  to  recollect  whether  he  is  dealing  with 
spaces,  with  times,  or  with  forces.  These  two 
divisions  are,  in  the  modern  analysis,  closely  in- 
termingled ;  but  it  is  not  without  great  pleasure 
and  hope,  that  we  discern  the  recent  large  exten- 
sion of  concrete  mathematics,  through  the  revival 
and  fresh  discovery  of  general  methods  in  geo- 
metry.— The  diiFerent  portions  of  mathematics 
are  treated  at  greater  or  less  length  under  various 
articles  in  this  Dictionary. 

Iflaxiiiia  ami  Minima.  A  function  of  a 
single  variable  is  at  a  maximum  state,  when  it 
is  greater  than  both  the  state  which  immediately 
precedes  and  the  state  which  immediatel}'  follows 
it;  and  it  is  at  mininmm  state,  when  it  is  less 
than  both  the  state  which  immediately  precedes, 
and  the  slat*  which  immediately  follows  it. 


Thus  if  we  regard  the  ordinate  of  any  point  of 
the  curve  kl  as  a  function  of  the  corresponding 
abscissa,  we  shall  have  b  a  maximum,  because 
Aa  <^  b6  ^  lie;  and  v.e  a  minimum,  because 
^  Ke  <^  F f.  In  speaking  of  nreceding 
and  succeeding  states,  reference  is  had  to  the 
order  of  increase  of  the  variable,  so  that  one  state 
>of  a  function  precedes  anotlicr,  wlicn  it  eorre- 

•  fiponds  to  a  less  value  of  the  independent  variable, 
land  one  state  succeeds  or  follows  another 
»when  it  corresponds  to  a  greater  value  of  the 
ii  independent  variable.   A  function  of  one  variable 

■  may  have  any  number  of  maximum  and  mini- 
Bmum  states;  but  if  the  function  is  continuous, 
ti  there  must  be  a  maximum  state  between  any  two 

■  minimum  states,  and  a  minimum  between  any 
rtwo  maximum  states.    For  it  is  evident  tliat, 

■  after  a  maximum,  the  function  decreases  as  the 

♦  variable  increases :  and  since  before  it  readies  a 
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second  maximum  state,  the  function  must  again 
increase,  it  follows  that  there  is  some  inter- 
mediate state  at  which  the  function  ceases  to 
decrease,  and  begins  to  increase  ;  that  state  is  a 
minimum.  In  like  manner,  it  may  be  sliowii, 
that  between  each  two  minimum  states,  there 
must  be  a  maximum  state.  Hence  the  number 
of  maximum  states  of  a  function  is  either  equal 
to  the  number  of  minimum  states,  or  at  most, 
differs  from  it  by  one.  Just  before  reaching  a 
maximum  state,  the  function  increases  as  the 
variable  increases,  hence  its  first  differential  co- 
etRcient  is  positive;  just  after  passing  the  maxi- 
mum state,  the  function  decreases  as  the  variable 
increases,  and  consequently  its  differential  co- 
efficient is  negatn'e;  this  shows  that  the  sign  of 
the  differential  co-efEcieut  must  change  from 
plus  to  minus  in  passing  through  a  maximum 
state.  Just  before  reaching  a  minimum  state, 
the  function  diminishes  as  the  variable  increases, 
and  therefore  its  differential  co-efficient  is 
negative ;  just  after  passing  the  minimum  state, 
the  function  increases  as  the  variable  increases, 
and  consequently  its  differential  co-efficient  is 
positive ;  this  shows  that  the  sign  of  the  differential 
co-efficient  must  change  from  minus  to  plus  in 
passing  through  a  minimum  state.  Here  we  see 
that  a  change  of  sign  of  the  first  differential  co- 
efficient is  the  analytical  characteristic  of  either  a 
maximum  or  minimum  state  of  a  function  of  one 
variable.  But  a  continuous  function  cannot 
change  its  sign  except  by  becoming  either  o  or 
or.  These  principles  indicate  a  general  rule  for 
finding  all  those  values  of  the  variable,  whicli 
can  possibly  make  a  function  of  one  variable 
either  a  maximum  or  mimmuin.  Lifferentiate 
the  function,  and  find  its  first  differential  co- 
efficient, and  place  it  equal  to  o,  and  also  equal 
to  CK.  Solve  the  resulting  equations,  and  find 
the  values  of  the  variable ;  these  values  will  be 
the  onlj'  ones  that  can  possibly  make  the  given 
function  either  a  maximum  or  a  minimum  ; 
there  may  be  amongst  them  some  values  that  do 
not  correspond  either  to  a  maximum  or  a  mini- 
mum. It  therefore  becomes  necessary  to  intro- 
duce some  test  to  separate  those  whicli  con-cspond 
to  maxima,  from  those  which  correspond  to 
minima  states.  There  are  two  such  tests: — 
First,  substitute  one  of  the  roots  minus  an 
infinitely  small  quantity  for  the  variable  in  the 
given  function,  and  set  the  result  aside ;  next 
substitute  the  root  itself,  and  then  the  root  plus 
an  infinitely  small  quantity,  and  set  the  results 
aside.  If  the  second  result  is  greater  tlian  both 
the  first  and  third  results,  this  is  a  maximum 
state,  and  the  root  is  the  corresponding  value  of 
the  variable;  if  it  is  less  tiian  both  these  states,  it 
is  a  minimum,  and  the  root  is  the  coVrespondinir 
value  of  the  variable;  if  it  is  greater  than  out'' 
and  loss  than  the  other,  it  is  neitiier  a  maximum 
nor  a  minimum,  and  the  root  is  to  be  rejecled. 
Test  each  root  in  this  way  in  succession,  rejcctiu"- 
all  tliat  do  not  correspond  to  maxima  or  minima! 
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Second,  substitute  the  root  minus  an  infinitely 
small  quantity,  and  then  phis  an  infinitely 
small  quantity,  for  the  variable  in  the  expression 
for  the  first  difierentiiil  co-efficient,  and  note  the 
siffns  of  the  result.  If  the  first  is  positive  and  the 
second  is  negative,  the  root  corresponds  to  a 
maximum,  if  the  first  is  negative  and  the  second 
positive,  the  root  corresporids  to  a  minimum,  if 
tiiey  are  both  alike,  the  root  corres])onds  neither 
to  a  maximum  nor  a  minimum,  and  is  to  be 
rejected.  The  maxima  and  minima  may  be  found 
by  substituting  the  corresponding  values  of  the 
variable  in  the  function.  The  second  test  will, 
in  general,  be  found  most  convenient.  To  ilUis- 
trate  the  preceding  rule,  let  it  be  required  to 
find  the  maxinmui  and  minimum  values  of  the 
function, 

u  =  a  —  bx  -\-  x  '. 
Diiterentiating  we  find 

ax 

and  by  the  rule,  —  b  -\-  2x  =  o; 
b 

■whence  x  =      and  —  b      2'x  =  or.  ; 

■which  gives  no  finite  value  for  x. 

Apiilj'ing  the  first  test  to  the  root  x  =  A  ,  we 


find  the  relations : 
for 


we  have 


+ 


I,  - ") 


for 


for 


b'' 


b"" 


1st  resuL; 


we  have 


.2d  result; 


-+/., 


we  have 


+ 

62 


(7+") 


=   1-   3d  result. 

4 

Vrhonce 

b'^  P    ^  b'^ 

which  shows  that  x  =^  corresponds  to  a  mini- 

♦  b"- 

nuim,  which  minimum  is  a  

'  4 

Ap|ilying  the  second  test  we  find  the  following 
results: — 

for  X  =  ~  —  /i,  we  have 


b  -f-  2  I  —  —    )  —  —  2  A,  a  negative  result; 


for 


4+'.. 


we  have 


—  &  -f  -  2  =  2  -)-  /(,  a  positive  result. 

These  results  indicate  that  x  =  ^  corresponds  to 
a  minimum  which  may  be  found  by  makiuf^ 
a;  =  ^  in  the  given  fraction.    It  is  found  equal 


to  a  ,  as  bofore  indicated. 

4 


There  is  a  prac- 


tical rule  Avhich  corresponds  to  those  cases,  in 
wliich  the  first  differential  co-efficient  is  equal  to 
o,  and  which  afiplies  to  a  great  majority  of  ca> 
founded  on  the  form  of  the  development  of 
function  of  one  variable  and  its  increment,  ac 
cording  to  the  ascending  powers  of  the  increment. 
It  is  as  follows: — Diflferentiate  the  given  fum 
tion,  find  its  first  diHerential  co-eflicient,  an 
place  it  equal  to  o.    Solve  the  resulting  equatio 
and  find  the  roots,  substitute  each  root  in  succ 
sion,  in  the  second,  third,  fourth,  &c.,  differenti 
co-eflficients,  till  one  is  found  which  does  n 
reduce  to  o  or  cc  .    If  the  first  one  which  do 
not  reduce  to  o  or  oc.  is  of  an  odd  order,  t' 
root  does  not  coriespond  to  either  maximum 
minimum;  but  if  the  first  one  which  does  n 
reduce  to  o  or  cc  is  of  an  even  order,  and  b 
comes  negative,  the  root  corresponds  to  a  ma 
mum;  if  positive,  to  a  minimum:  all  the  roo 
which  do  not  correspond  to  maxima  or  mini 
are  to  be  rejected.    Those  which  correspond 
maxima  and  minima  are  to  be  substituted 
succession  in  the  function,  and  the  correspond! 
results  will  be  the  maxima  and  minima  requir 
It  will  not  in  general  be  found  necessary  to  car 
the  substitution  farther  tlian  the  second  dit^ 
rential  co-efticient.    To  illustrate  the  rule,  let 
be  required  to  find  the  maxima  and  minima 
values  of  the  function 

7/  =^  3  (('-  .t'  —     X  c*. 
Differentiating  twice  we  find, 

—  =  9  (1-  X-  —  b\  and  —  =  IS  a"  x. 
dx  (IX- 

From  the  equation  ^        =  0*, 

we  find  X  =     — . 

3  a 

The  plus  root  substituted  in  J  8  «-  x  gives  -\-(\n 
and  indicates  a  minimum.    The  minus  root  suli- 
stituted  in  18  u'  x  gives  —  C  o  ^/^  and  indicates 
a  maxiunim.    Tlie  roots  iu  the  function  give 
2 

for  the  minimum, 


and 


'  9a 


for  the  maximum. 


It  often  happens  that  an  important  simjilificntion 
can  be  male,  in  finding  the  value  of  the  secnud 
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lilTerential  co-eflicient  corresponding  to  a  root 
vhich  is  to  be  tested.  Tliis  happens  when  the 
list  differential  co-ellicient  is  composed  of  two 
actors,  one  of  which  phiced  equal  to  o,  gives  the 
viot  in  question.  Tlie  siniplilicatiou  is  this:  dif- 
erentiate  the  factor  corresponding  to  the  root, 
nultiply  its  ditFerential  co-efficient  by  the  other 
actor,  and  in  this  product  make  the  required 
ubstitution,  the  result  will  be  the  same  as  though 
he  substitution  had  been  made  in  the  second 
iitferentid  co-etficient  itsi  lf.  This  principle  may 
■0  extended  to  the  case  where  it  is  necessary  to 
iibstitute  in  the  successive  differential  co-efH- 
ieuts.  To  illustrate  the  method  of  making  the 
implitication,  let  it  be  required  to  divide  a 
luantity  into  two  parts,  such  that  the  n"^  power 
>t'  one  of  them  multiplied  by  the  m"'  power  of  the 
ither  shall  be  a  maximum  or  minimum.  Denote 
he  given  quantity  by  a,  and  one  of  the  parts  by 
the  other  one  will  be  denoted  by  a  —  x,  and 
ve  shall  have  for  the  function, 

u  =  x""  (tt  —  x)n, 

uhence, 

-  -  =  7)1 1™  - '  Qi.  —  x)"  —  n      (a  —  x)"  -  ^ 

■J  X 

=  ()H  a  —  w  X  —  n  .r)  x"  ~  '  (a  —  x)'^  ~ 
iand  by  placii:g  each  factor  separately  equal  to  o, 
wwe  have 

m  a 

X  =  ,  X  =  O  and  x  =  o. 

m  -\-  n 

TThe  differential  co-efiieient  of  the  first  factor 
nmultiplied  by  the  remaining  factors,  is 

 (m  -{-  n)  x"  ~  '  (a  —  x)"  ~  ^ ;  for  x  —  

m  —  n 

ilit  reduces  to 


„m  —  1  „n  —  1 


i  +  n- 


ta.  negative  residt;  hence,  this  vahie  corresponds 

•  to  a  maximum.    The  other  values  satisfv  the 
equation  of  the  problem,  but  do  not  conform  to 

itthe  conditions  of  it,  and  need  not  be  considered. 
Iiln  seeking  for  the  values  of  the  variable  which 
(correspond  to  maxima  and  minima,  any  positive 
Bconstant  factor  of  the  function  may  be  omitted, 
«without  changing  the  final  result.  We  may  also 
tithrow  off  a  radical  sign,  and  be  sure  to  find  all 
tithe  values  of  the  variable;  but* in  this  case  we 
nmay  get  some  values  that  will  make  the  power 
•a  maximum  or  minimum,  but  which  will  not 
amake  the  root  a  maximum  or  minimuin. — A 
(Ifunction  of  two  variables  is  at  a  maximum  state, 
»when  it  is  greater  than  all  the  consecutive  states, 
land  it  is  at  a  minimum  wlion  it  is  less  than  all 
lithe  consecutive  states.  Every  function  of  two 
^variables  may  be  regarded  as  one  of  the  rect- 
langular  co-ordinates  of  a  point  of  a  surface,  of 

•  which  the  two  variables  are  the  other  two  co-or- 
ddinales;  It  is  generally  taken  as  the  vertical  one. 
\We  may  cimceive  tlic  idea  of  a  maximum 
0  ordinate,  if  we  consider  a  spliore  lying  upon  a 
|.plaii(.-.    The  ordinate  of  the  liiglwst  point  is  a 
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maximum  and  tliat  of  the  lowest  point  a  mini- 
mum. The  practical  rule  for  finding  the  maxi- 
mum and  minimum  states  of  such  a  function  is  as 
follows : — Diftbrentiatc  the  function,  and  find  the 
partial  differential  co-fflicients  of  the  first  order, 
and  also  the  partial  differential  co-eflicients  of  the 
second  order.  Place  the  partial  differential  co- 
cfHcients  of  the  first  order  separately  equal  to  o, 
combine  the  resulting  equations,  and  find  the 
values  of  the  variables.  Substitute  these  in  eacli 
of  the  three  partial  differential  co-efficients  of  the 
second  order,  and  find  the  results.  Multiply  the 
first  and  third  results  together,  and  square  tlio 
second,  then  if  the  product  of  the  first  and  third  is 
greater  than,  or  equal  to,  the  square  of  the  second, 
there  ynW  be  either  a  maximuin  or  minimum ;  a 
maximum  when  the  first  result  is  negative,  a  mini- 
mum when  it  is  positive.  For  example,  let  it  ha 
required  to  find  the  maxima  and  minima  of  the 
function 

M  =  x^  y"  (a  —  X  —  //). 
DifTerentiating,  we  have 

^  =  x-f'(pa  —  Si/  —  4x) 
ax 

and       '^  =  x' v(2a  — 3y  — 2x). 
dy 

Placmg  these  separately  equal  to  o 
3  a  —  S  y  —  ix  —  o 
and  2  a  —  3  y  —  2x  =  o 

whence,  by  combination, 

a  a 

We  have  also 
d^  u 

—  =  2  x/  (3  a  —  3  y  —  G  .r), 

-f~=x''y(Ga  —  Qy-8x), 
dxdy 

and  =  x'  (2  a  —  6  v  —  2  x). 

Substituting  in  these  the  values  of  x  and  y  de- 
duced above,  aiid  applying  the  rule,  we  get 
a" 

— -  — ,  1st  result; 

„,  , 

 ,  2d  result; 

12' 

a" 

 ,  3d  result; 

and  since 

(-^)(-i)>(-9' 

the  deduced  vnluos  correspond  to  cither  a  maxi- 
mum or  a  minimum,  and  .since  tlie  first  result  is 
Tieg.itivc,  it  ia  a  maximum.  Substituting  these 
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values  in  tlic  fiuiction,  tlie  maximum  value  is 
fouud  equal  to 

a' 

ITIcnn.  The  established  modes  of  eliminating 
the  mean  or  most  coriect  value  out  of  a  number 
of  observations  (of  course  slightly  discordant)  of 
the  same  object  or  event,  have  been  discussed  under 
Eruors,  and  Squares  the  Least.  It  is  of  im- 
portance, however,  to  ascertain  the  principles  on 
which  physicists  generally  concur  that  the  mean 
value  of  a  variable — let  us  say  of  a  meteorolo- 
gical element — for  any  day,  may  be  concluded  hy 
taking  the  arithmetical  mean  of  any  number  of  ob- 
served values  obtained  at  equal  intervals  through- 
out the  twenty-four  hours.  It  is  unnecessary  to 
remark  that  whatever  the  principle  of  this  method, 
tlie  degree  of  approximation  must  increase  with 
the  number  of  such  observations. — Now,  any 
periodical  function  u  of  the  variable  v,  may,  as  is 
well  known,  be  represented  as  below. 

M  =  flo  -f-     sin  (v  -\-  cci) 
-|-  a.2  sin  (2  w  -|-  asj)  -f-  "^c. 

where  a-o  is  the  true  mean,  and  of  course  it  may 

be  expressed 


1    /•  " 


d  V. 


But  if  Ui,  W3,  &c.,  denote  the  values  of  the 
fmictiou  n,  corresponding  to  those  of  the  variable 

n  n  n 

it  may  be  shown  that  their  arithmetical  mean  is 
equal  to 

-|-  (In  sin  (11  V  -)-  atn 
-|-  a^n  sin  {-2  n  V      ao"  )  -j- 

whatever  be  the  value  of  v.  I^ence,  as  the  ori- 
ginal series  is  always  convergent,  we  have,  when 
tlie  immber  is  sufficiently  great, 

Oo  =  —  ("1  +  "2  -j-  «3  +  <^c.,  -|-  w„) 
n 

nearly.  So  that  when  the  period  in  question  is 
a  day,  we  learn  that  the  dnihj  mean  value  of  the 
observed  element,  will  be  given  by  the  mean  of 
two  equi-distant  observations  nearly,  when  a2  and 
the  Iiigher  co-eflicients  are  negligible;  by  the  mean 
of  three,  when  ^3  and  the  higher  co-efficients  are 
negligible,  and  soon. — In  tlie  case  of  temperature 
the  co-efficient  a2  is  very  small,— the  curve  which 
represents  the  diurnal  changes  of  temperature 
being  nearly  the  curve  of  sines ;  hence  as  is  known 
to  meteorologists  the  mean  of  the  temperatures  of 
any  two  hommu/mous  hours  is  nearly  the  iiiean 
temperature  of  tiiedaj'. — In  rt//the  periodical  func- 
tions concerned  in  Magneti.-un  and  ]\Ieteorolngy 
the  co-efficient  ffg  is  small.  Therefore,  the  daily 
mean  values  of  these  functions  will  be  given  very 
nearly  by  llie  mean  of  any  three  equi-distant 
observed  values. — In  selecting  such  hours  for 
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a  continuous  .system  of  observations,  we  should 
prefer  those  corresponding  most  nearly  with  tlie 
maxima  and  minima  of  the  observed  elements, 
so  as  to  obtain  also  the  daily  range.  This  con- 
dition is  fulfilled  in  the  case  of  magnetic  declina- 
tion very  nearly  by  the  hours  6  a.m.,  2  p.m., 
10  P.M.;  which  give,  moreover,  the  maximum 
and  minimum  of  temperature,  of  the  tension  of 
vapour  nearly,  and  the  maximum  pressure  of  the 
gaseous  atmosphere.  If  we  were  to  add  the  in- 
termediate hours  of  10  A.M.  and  6  p.m.,  we 
should  also  have  the  chief  maxima  and  mini- 
ma of  the  other  two  magnetical  elements. — 
These  five  hours,  therefore,  are,  beyond  all  others, 
preferable,  as  the  periods  of  such  observations. 
If  the  course  of  the  diurnal  curve  has  already 
been  determined  by  a  more  extended  system  of 
observations,  the  foregoing  recommendations  will 
not  apply.  The  mean  of  the  day  may  then  be 
uifv'rred  from  observations  taken  at  any  hour; 
and  such  hours  should  be  chosen,  chiefly  if  not 
exclusively,  with  reference  to  the  diurnal  range 
of  the  elements. — See  a  very  ample  investigation 
of  the  whole  of  this  important  subject  by  Professor 
Lloyd  of  Dublin. 

Measures.    See  Wkirhts  and  Measures. 

ITtechanics.  The  science  Miiich  treats  of 
forces  and  their  applications.  The  tendency  of 
force  acting  upon  matter  is  to  produce  motion, 
but  two  such  tendencies  ma}'  oppose  one  another, 
as  the  direction  of  the  motions  which  they  seek 
to  produce,  may  differ.  When  two  do  not  com- 
pletely counteract  one  another,  it  is  possible  that 
three  or  four  or  any  number  of  forces — so  many 
of  them  acting  in  general  direction  and  so  many 
in  another,  so  many  for  instance  trying  to  produce 
motion  eastward,  and  so  many  motion  westward 
— mav  produce  no  motion  whatever.  From  the 
application  of  any  number  of  forces  there  may  be 
rest  produced,  and  it  is  quite  evident  that  there 
may  be  motion.  The  science  of  mechanics  treats 
these  two  cases  under  distinct  heads,  the  one 
constituting  Statics,  or  the  doctrine  of  the 
equilibration  of  forces, — and  the  other  Dynamics, 
or  the  doctrine  of  motion  produced  by  forces. 
See  those  articles  and  others  passim. 

Jraecliniiii-al  Kttect.  A  term  given  to  the 
measure  of  effective  power.  It  is  the  power  to 
raise  a  certain  weight  through  a  foot  space  in  a 
definite  lime. 

MccJtariml  Powers,  are  six  standard 
machines  which  enable  us  to  apjily  large  forces 
to  produce  small  effects  with  economy,  and  small 
forces  to  produce  great  eflects  in  time,  and  whic^li 
arc  further  capable  of  transferring  forces  from 
their  natural  point  of  action,  to  another  point  of 
application.  Tliey  are  the  Lever.  {]\e  Wheel  and 
A.rle,  the  Pulley,  the  Inclined  Plane,  the  Wedye, 
and  the  Sn-ew.  To  those  sometimes  are  added 
the  Toothed  Wheel — None  of  these  creates  new 
power,  tliough  several  of  tliem  store  up  the  suc- 
cessive additions  of  power  whicli  successive  im- 
pulses give,  until  the  sum  total  comes  to  ba 
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equal  to  the  demand. — All  of  them  can  be  reduced 
to  the  two  simplest,  the  lever  and  the  inclined 
jilaue  ;  and  these  derive  their  chief  efficacy  from 
the  equivalence  which  they  produce  between  parts 
of  the  forces  which  prevent  our  results,  and  resist- 
ances that  we  can  call  into  action  in  almost 
unlimited  quantity.  Thus  the  lever  transfers  the 
excess  of  the  one  weight  over  the  other  or  the 
sum  of  the  weights,  to  be  borne  by  the  fulcrum  ; 
and  the  inclined  plane  throws  part  "of  the  gravitat- 
ing forces,  upon  the  board  which  bears  the  weight. 
— We  shall  merely  enumerate  the  formulae  for 
what  is  called  the  mechanical  advantage  in  each  ; 
w 

that  IS,  the  value  of        where  w  is  the  weight 

or  more  properly  resistance,  and  p  the  power 
applied  to  overcome  it. 

J    ,    .        the  arm  of  the  power 

In  the  lever,  ,~  .-^—L  _     the  arm  being 

the  arm  of  the  weight 
distance  from  fulcrum. 

In  the  wheel  and  axle,  the  radius  of_th^wheel 

the  radius  of  the  axle 
In  the  puUej'-,  this  varies  with  the  peculiar  sys- 
tem of  pulleys.    See  Pulley. 

In  the  inclined  plane,       ^^"^^^'^  P^'^^ 
the  height  of  the  plane 


In  the  wedge,     the  side  of  the  wedge 

half  the  back  of  the  wedge* 

In  the  screw, 

the  circumference  described  by  the  power 

the  distance  between  two  contiguous  threads' 
In  the  toothed  wheel, 

the  number  of  teeth  in  the  wheel  of  w 
the  number  of  teeth  in  the  wheel  of  p  * 

jTScdium.  Any  liqmd  or  gas  by  which  a 
body  is  surrounded,  and  through  which  mo- 
tion can  be  transmitted  according  to  the  laws 
of  hydrodynamics,  is  called  a  medium.  Thus 
the  atmosphere  is  a  medium,  and  water  is  a 
medium,  through  each  of  which  there  can  be 
transmitted  liglit,  heat,  sound,  and  other  mo- 
tions. So  the  planets  are  supposed  to  move  in 
a  thin  medium ;  and  all  space  is  conceived  by 
modem  physicists  to  be  filled  with  such.  The 
retjirdation  of  Encke's  comet  is  one  cause  of 
this  balief ;  and  the  transmission  of  the  motions 

light  and  heat  across  the  spaces,  intervening 
between  us  and  the  heavenly  orbits  appears  also 
to  require  it.  Yet  there  may  bo  worlds  that  re- 
maui  invisible,  because  they  move  within  spaces 
where  no  such  medium  exists  ;  and  the  retard- 
ation of  a  comet  may  be  due  to  its  passa'^e 
tlirotigh  one  part  of  lis  orbit,  where  alone  such 
a  medium  Ls  to  be  found.  See  especially  Ujs- 
i>i;latory  Theory. 

iWelpomcnc.  One  of  the  Asteroids.  For 
Wements,  &c.,  see  Asteroids. 

ni.  iii^ciis.  Moon-shaped.  A  peculiar  form 
of  Lens.    See  Lens. 

McirNaraiion,  is  that  branch  of  mathema- 
tics which  teaches  us,  from  data  of  lines  and 


angles,  to  deduce  the  superficial  or  solid  content 
of  a  surface  or  a  solid ;  or  to  find  any  dimension  of 
a  figure  when  others  are  given  sufficient  to  fix  it. 
According  to  this  definition,  mensuration  would 
seem  to  include  the  whole  of  mathematical  science. 
Special  rules  are  deduced  as  consequences  of 
special  principles  applicable  to  special  cases. 
Thus,  for  triangles,  trigonometry  is  sufficient,  and 
generally  so  for  all  rectilineal  figures.  For  cur- 
vilineal  figures  again,  such  as  circles,  ellipses, 
solids  of  revolution,  &c.,'  we  require  the  consider- 
ations of  the  calculus,  and  the  introduction  of  the 
idea  of  limits.  For  the  more  important  and 
usual  cases,  as  the  case  of  a  circle  or  ellipse, 
practical  niles  are  deducible  that  are  of  easy  ap- 
plication. Thus  the  area  of  a  circle  is  "equal 
to  the  square  of  its  radius  multiplied  by  tlie 
number  t,  that  is  3-14159265,3,  or  as  it  is 
generally  taken  31416.  Its  circumference  is 
equal  to  the  product  of  its  diameter  by  this  num- 
l"-'!"- — The  ellipse  again  is  equal  in  area  to  the  pro- 
duct of  its  semi-axes,  multiplied  by  this  same  num- 
ber.— Similarly,  the  spherical  surface  is  +  4  sri'^ 
or  the  product  of  the  square  of  the  diameter  by  ir, 
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and  the  spherical  content  = 


The  con- 


tent of  a  pjTamid  or  cone  is  one-third  of  the  area 
of  the  base  multiplied  by  the  perpendicular  height 
from  the  vertex. — Eules  such  as  these  may  be 
found  in  every  elementary  work  on  mensuration : 
our  space  will  not  perrnit  us  to  exhibit  them 
further. 

Mercury.    The  planet  Mercury  is,  of  all  tlie 
known  planets,  nearest  to  the  sun,  from  which 
its  mean  distance  is  36,890,600  miles.  Its 
diameter  is  3,099  miles,  and  it  is  denser  than 
the  earth  in  the  proportion  1-12.    The  eccen- 
tricity of  its  orbit  is  much  greater  than  that  of 
the  rest  of  the  planetary  orbits,  being  -206.  Its 
period  of  revolution  is  87  days,  23  hours,  15 
minutes,  46  seconds,  and  its  time  of  rotation  on 
Its  axis  is  24  hours,  5  minutes.    It  is  one  of  tlie 
inferior  planets,  moving,  that  is,  in  an  orbit 
between  us  and  the  sun.    It  is  generally  so  near 
the  sun  as  to  appear  to  us  lost  in  his  beams  in 
our  northern  latitudes,  but  it  is  very  frequently 
seen  in  the  more  southern.    It  is  an  immediate 
consequence  of  this  position  also  that  there  should 
be/j/iases,  perfectly  like  those  of  the  Moon,  and 
fransils  like  that  of  Venus.    The  latter  being  of 
much  the  greater  importance,  from  the  too  great 
proximity  of  Mercury  to  the  Sun.    The  cycle  of 
years  after  which  they  happen  is  nearly  13,  13 
13,  7,  &c.,  and  generally  in  November  and  May! 
One  occurred  in  1848,  and  the  next  will  be  in 
18G1 — It  is  easy  to  trace  the  actual  path  of 
Mercury  in  the  sky.    Let  8  be  the  sun,  m  m"  m' 
be  the  path  of  Mercury  round  it,  and  k  e'  part 
of  the  Earth's  path  round  tlic  Sun.    The  posi- 
tions M  M'  are  the  inferior  and  superior  con- 
junctions.   If  the  plane  of  the  earth's  and  of  tlw 
planet's  orbit  were  the  same,  at  these  tunes  as 
75  ' 


with  the  Moon,  there  would  alwars  be  eclipses 
But  the  plane  of  Mercur3''s  orbit  is  inclined  at 
an  angle  of  about  7°  to  tlie  ecliptic,  so  that  an 
eclipse  can  only  happen  when  the  planet  is  at 


one  of  its  nodes  at  the  conjunction.  Suppose 
the  planet  at  m'  moving  on  in  the  direction  of 
the  arrow.  It  will  seem  to  the  spectator  at  e  to 
move  from  m'  to  u'",  apparently,  it  is  clear, 
receding  from  the  sun  as  the  angle  made  by 
the  line  m'  e  with  that  from  e  to  the  planet 
increases.  At  M'",  where  e  m'"  is  a  tangent 
to  the  orbit,  it  is  farthest  from  the  sun.  But 
since  the  direction  of  the  circle  at  u'"  is  nearly 
the  same  as  that  of  the  tangent,  near  m'",  the 
angle  spoken  of — the  angle  of  elongation,  will 
be  nearly  stationary,  and  the  planet  will  appear 
at  rest.  Passing  from  m'"  on  to  m,  that  angle 
continuallj'  diminishes  —  that  is,  the  planet 
approaches  the  sun.  At  m  it  passes  the  sun, 
and  recedes  to  m",  where  the  planet,  for  the  same 
reasons,  again  seems  stationary.  From  Ji"  to  M' 
it  seems  again  to  approach  the  sun.  The  angle 
K  M  M'",  or  E  M  M"  is  Called  the  angle  of  greatest 
elongation.  From  m"  down  to  m'"  the  motion 
is  direct,  from  W.  to  E.,  and  from  m'"  to  m" 
retrograde,  from  E.  to  W. — Consider,  however, 
how  this  motion  must  appear  on  the  sky.  Let 
the  student  conceive  the  shape  of  an  elliptic — 
nearly  circular  orbit,  a  little  inclined  out  of  the 
plane  in  which  its  centre  and  the  point  of  ^asion 
arc  projected  on  a  distant  surface.  EAidently 
the  figure  will  be  a  very  elongated  hoop  or  ring. 
If,  however,  the  sun  apparently  moves  in  the 
ecliptic,  it  apparently  twists  this  ring,  just  as 
it  were  broken  at  the  beginning,  and  regularly 
twisted  out  so  much  in  a  uniform  direction, 
(.'learly,  therefore,  the  path  would  be  a  sort  of 
twisted  line,  in  wliicii  we  should  have  two  loops 
which  is  the  exact  appearance  of  the  jdanet's 
path. — To  find  the  periodic  time  clearly  if  the 
planet  moved  as  described  for  the  figure,  and  b 
were  stationarv,  it  would  be  merely  necessary  to 
find  the  interval  of  anj-  two  conjunctions.  But 
E  moves  on  to  e',  so  that  the  next  conjunction 
is  at  M.  Jx>t  E  anil  m  be  tlie  periodic  times  of 
the  two  planets  respectively,  and  T  the  observed 
interval  from  conjunction  to  conjunction,  then  the 
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earth  traverses        per  day  and  Mercury  ^^^"^ 


31 


360° 


therefore, 


But  their  rate  of  separation  is 

300°     3G0°      3G0°  „       •  ,  , 

 =  JNowEifl  perfectly  known, 

and  T  is  observed.  Hence  m  can  be  found 
directly.  The  interval,  115-88  days,  from  one 
conjunction  to  the  next,  is  called  the  synodic 
period  of  the  planet — The  planet's  distance  from 
the  sun  can  be  found  by  means  of  the  greatest 
elongation.  There,  e  m"  s  is  a  right  angled 
triangle,  and  if  e  s  and  s  E  m"  be  known,  m"  sis 
known,  and  therefore  me.  Or  it  may  be  found, 
as  with  other  planets,  by  means  of  the  horizontal 
parallax.  Or,  again,  by  comparison  of  the 
greatest  and  least  angular  diameters.  These  are 
in  inverse  proportions  of  the  distances  e  m,  e  m', 
that  is,  if  we  call  m  s,  x. — 95|  million  miles  -j-  x: 
95;|  million  miles  —  a; :  :  the  greatest  angular 
diameter  :  the  least  angular  diameter.  —  The 
actual  diameter  may  be  found  by  comparing  the 
greatest  diameter  of  the  planet  with  his  hori- 
zontal parallax  at  conjunction  ;  that  is,  in  fact, 
by  comparing  the  angles  which  the  earth  and 
the  planet  respectively  subtend  at  the  same  dis- 
tance, taken  inversely. 

Metaccutrc.    See  Centre  of  Pressure. 

Meteor:  Meteors  Hiiiuiinous.  The  term 
Meteor,  as  generally  used  by  Physicists,  has  a 
very  wide  and  very  vague  application.  It  is  em- 
ployed to  express  any  occurrence  in  the  slightest 
degi-ee  extraordinary  that  takes  place  mthin  the 
limits  of  our  atmosphere.  Thus  we  have  the 
great  classes  of  Aqueous  Meteors  or  Hydro-Me- 
teors, of  Optical  ]\Ieteors,  Electric  Meteors,  &c., 
&c.  These  various  subjects  being  fully  discusse<i 
under  more  proper  headings,  we  confine  the  word 
at  present  to  two  great  classes  of  luminous 
Meteors, — of  which,  the  latter  class  is  by  far  the 
most  important,  and  at  present  the  least  under- 
stood. 

(1.)  Luminom  Meteors  depending  on  inflam- 
mable exhalations  from  the  surface  of  the  Earth- 
— This  class  of  meteors  consists  in  the  curious 
appearances  to  which  the  name  Ignis  Fntinis  has 
been  given.  The  appearance  is  tliat  of  a  flaino 
floating  in  the  atmosphere  a  few  feet  above  the 
ground,  and  shifting  its  position.  It  generally 
appears  over  morasses  or  graveyards,  or  any 
spot  where  there  is  much  decayed  vegetable  or 
animal  matter.  From  its  tendency  to  lead  the 
bewildered  traveller  towards  disagreeable  places,  \ 
it  has  obtained  its  name.  We  have  various  and  i 
even  conflicting  accounts  of  the  Ignis  Fatuvs,  and 
the  circumstances  in  which  it  lias  been  seen ;  but 
nntch  variation  of  this  kind  was  to  be  expect  e<l 
from  the  flitting  nature  of  the  meteor,  and  the 
fact  that  it  always  must  have  appeared  unexpect- 
edly. The  most  reliable  hypotiicsis  at  ])resent 
is,  that  the  flame  is  caused  by  the  exhnl.-ifion  of 
a  stream  or  streams  of  phosphorated  or  carbur- 
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etted  hydrogen  gas,  taking  fire  on  rising  into  the 
atmosphere.  The  chemiciil  ground  of  this  theory 
is,  we  beheve,  unimpeachable ;  and  it  seems  to 
accord  also  with  the  general  flitting  aspect  of  the 
meteor.  The  brightness  of  the  flame  would,  of 
course,  change  with  the  varying  quantity  and 
purity  of  the  gas ;  and  the  flame  would  often 
disappear  temporarily,  when  the  quantity  of 
the  exhalation  became  very  small.  It  cannot  be 
doubted,  that  spontaneous  ignition  (as  it  is  called) 
often  occurs  during  the  decomposition  of  vegetable 
and  animal  substances. 

(2.)  Luminous  Meteors  not  depending  on  ex- 
halations, but  occurring  in  the  higher  regions  of 
the  Atmosphere. — This  large  and  most  interest- 
ing class  of  Meteors  includes  the  whole  subject 
of  ^ROUTES,  or  Falling  Stones  and  Meteoric 
Iron,  and  of  Falling  Stars  properly  so  called, 
whether  these  are  the  ordinary  appearances  fi-e- 
quently  seen  in  every  clear  evening  in  the  sky, 
or  show  themselves  in  the  recently  famous  so- 
called  periodic  showers  of  August  and  November. 
It  is  impossible  to  do  otherwise  than  aver  at  the 
outset,  that  Science  has  here  a  vast  deal  to  learn 
from  prolonged  and  assiduous  observation ;  nor 
must  the  opportvmity  be  omitted  of  oiFering  the 
tribute  so  justly  merited  by  Professor  Baden 
Powell,  whose  labours  in  annually  collectmg 
facts  and  publishing  them  under  the  auspices  of 
the  British  Association,  is  beyond  all  praise.  It 
is  no  slight  addition  to  the  merits  of  Mr.  Powell, 
that,  as  his  recent  remarkable  works  so  clearly 
show,  his  proper  delight  is  in  the  higher  walks  of 
philosophical  speculation.  Nor  should  we  omit 
to  recognize  the  value  of  the  long  labours  of  M. 
Coulvier-Gravier,  who,  as  it  appears  to  the  pre- 
sent writer,  only  required  a  slightly  diminished 
inclination  towards  one  special  %-iew  of  the  origin 
or  influencing  causes  of  these  Meteors,  to  have 
deserved  as  well  as  any  independent  observer 
ever  did.  But,  as  every  one  knows,  it  is  a  most 
difficult  task  to  observe  independently  of  some 
hypothesis— quite  as  difBcult  as  to  observe  well 
in  subservience  to  one. — There  are  only  two  -i-iews 
possible  concerning  this  class  of  Meteors, — either 
they  are  wholly  of  atmospheric  origin,  or  the 
cosmical  fact  to  which  they  point  becomes  visible 
or  sensible  only  when  the  objects — themselves 
external  —  penetrate  within  the  bounds  of  our 
atmosphere.  At  present,  no  Atmospheric  theory 
can  be  supported,  nor  do  the  attempted  arrange- 
ments of  the  occurrence  of  such  Meteors  within 
certain  months  or  hours,  or  at  the  times  of  certain 
winds,  at  all  present  the  marked  character,  which 
—considering  the  necessary  incertitude  attending 
observations  of  phenomena  of  this  description— is 
absolutely  necessary  to  constitute  even  a  first 
probability  that  correspondences  of  such  a  kind 
are  connected  with  physical  causes.  We  are 
driven,  therefore,  in  the  meantime,  to  refuge  in 
the  Cosmical  Theory  of  these  Falling  Stars;  not, 
however,  definitely,  but  as  our  only  resource  in 
the  present  condition  of  observation  and  accurate 
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knowledge.     This  theory,  first  proposed  by 
Chladni,  may  be  best  put  in  the  following  gene- 
ral form: — Through  the  interplanetarg  spaces, 
and  it  may  he,  through  the  interstellar  spaces  also, 
vast  numbers  of  small  masses  of  solid  matter  may 
he  moving  in  irregular  orbits ;  and  these,  as  they 
approach  any  planet  of  powerful  gravitation — 
such  as  the  Earth — will  he  disturbed,  and  may 
fall  towards  its  surface.    Chladni's  hypothesis 
certauily  explained  much ;  but  one  essential  part 
of  the  phenomenon  it  did  not  explain.    For  in- 
stance, it  was  quite  consistent  with  the  fact  that 
some  of  these  bodies  fall  to  the  Earth  as  Zeo- 
lites (2.       and  that  others  escape  as  mere 
Falling  Stars;  but  Chladni  could,  in  his  day, 
give  no  account  whatever  of  the  heat  of  the 
stones  that  do  fall,  and  the  apparent  inflamma- 
tion of  those  that  only  pass  through  our  atmo- 
sphere and  appear  as  falling  stars.    The  deside- 
ratum, however,  has  been  supplied  by  Modem 
Physics.    No  compression  of  the  Atmosphere 
certainly,  by  any  body  moving  through  it,  could 
evolve  heat  enough  to  evolve  such  results ;  but 
the  recent  and  apparently  established  conception 
regarding  Heat — viz.,  that  it  must  be  evolved  as 
an  equivalent  for  any  destroyed  mechanical  effect, 
wholly  removes  the  difliculty.    The  velocity  of 
a  suflacient  number  of  these  falling  stars,  for  in- 
stance, has  been  ascertained  within  due  limits  bj^ 
Brandes  and  others  ;  and  M.  Joule  has  shown 
conclusively,  that  in  regard  of  the  greater  number 
of  these  bodies — the  heat,  equivalent  to  the 
niechanical  effect  due  to  then-  original  vis  viva, 
and  destroyed  by  the  resistance  of  the  Atmo- 
sphere—is such,  as  would  melt  the  body  and 
dissipate  it  into  fragments.    In  case  of  smaller 
velocities,  nothing  beyond  inflammation  or  white 
heat  might  ensue ;  but  far  oftener  than  we  ima- 
gine, these  falling  stars  are  utterly  dissipated  by 
the  agency  now  spoken  of,  and  reach  the  Eai-th 
in  the  form  of  mere  Meteoric  dust.    Tliis  special 
difficulty  removed  from  Chladni's  cosmical  the- 
ory, other  problems  remained.  First,  Have  these 
stones,  or  meteoric  planets,  a  special  or  assign- 
able origin  ?    The  Lunar  hj'pothesis  of  Laplace, 
has  frequently  found  fevour.    But  it  ought  not  to 
be  judged  by  the  form  in  which  it  was  proposed 
by  its  founder.    The  idea  that  these  meteors  are 
directly  shot  towards  us  by  Lunar  Volcanoes  in 
present  action,  is  consistent  neither  with  existing 
observation  of  the  condition  of  the  Moon,  nor 
with  the  dynamical  essentialia  of  the  problem. 
But  it  does  not  follow  that  those  vast  Lunar 
Craters — such  as  Tycho — the  result  evidentlv 
of  enormous  cataclysms,  have  not  contributed 
their  part  in  driving  among  the  interplanetary 
spaces,  masses  of  broken  rock,  that  may  on 
occasion  come  within  the  range  of  tlic  special 
attraction  of  our  globe.    But  secondly,  is  it 
necessary  to  search  for  any  confined  or  special 
origin?   Is  it  not  manifest,  on  the  contrary,  that 
masses  of  such  bodies  are  most  widely  dif- 
fused and  may  form  an  essential  part— not  of  our 
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Solar  System  merely — but  of  the  Material  Uni- 
verse, in  so  far  as  Man  can  discern  it  ?  What, 
for  instance,  are  these  Asteroids  between  Mars 
and  Jupiter,  unless — so  to  speak  —  Meteoric 
Planets?  "What  also  that  strange  annulus  — 
the  Zodiacal  Light — environing  our  Sun  ?  We 
shall  discourse  at  mucli  length  on  this  very  im- 
portant subject  in  articles  Solar  System,  Sun, 
and  Satorn  ;  it  is  simply  needful  to  intimate  here, 
that  there  are  large  grounds  in  this  direction  for 
the  acceptance,  in  the  meantime  at  least,  of  the 
original  hypothesis  of  Chladni  The  curious 
alleged  fact  of  these  August  and  November  peri- 
odic displays,  cannot  be  passed  without  reference. 
Unless  the  testimony  of  Men,  held  unimpeachable 
in  every  other  department  of  Observation,  is  to 
be  rejected,  we  must  accept,  as  an  established 
fact,  extraordinary  recurrences  of  showers  of  such 
Meteors  or  Falling  Stars  in  the  months  of  August 
and  November,  for  a  considerable  number  of  con- 
secutive years.  Nor  although  this  very  extra- 
ordinary shower  has  at  present  intermitted,  does 
it  appear  allowed  us  to  doubt,  that,  after  intervals 
of  rest,  it  frequently  appeared  before.  If  the 
periods  of  August  and  November  are  fixed  pe- 
riods then,  very  clearly,  the  phenomenon  is  an 
Astronomical  or  Cosmical  one — being  connected 
■with  the  position  of  the  Earth  in  its  Orbit :  and 
if  the  theory  be  correct  that,  at  times  vre  then 
come  into  contact  with  or  pass  through  Nebulous 
Streams  circulating  around  the  Sun,  it  is  far 
from  unlikely  that  the  Nodal  Motion  of  these 
streams  may  furnish  an  explanation  of  the 
equally  unquestionable  fact  of  the  apparent 
periodic  intermission  of  the  phenomenon.  But 
this  is  a  subject  on  which  it  is  not  admissible, 
at  present,  for  any  one  to  dogmatize.  We  trust 
vastly  to  future  Observation,  and  to  the  course 
so  admirably  inaugurated  by  Professor  Baden 
Powell. 

Mctcorologr.  That  most  extensive  and 
important  Science  which  takes  cognizance  of  all 
Atmospheric  Changes  connected  with  the  Earth, 
— with  then"  causes  and  influences.  It  has  been 
treated  at  great  length  under  headings  that 
applj'  to  its  various  parts  in  other  places  in  this 
Dictionary :  so  that  it  only  requires  that  we 
here  refer  the  Student  to  these  different  and 
appropriate  articles.  On  the  subject  of  Meteoro- 
lofjicul  Observation  generally— its  aims,  methods, 
and  appliances— we  have  largely  spoken  under 
articles  Observation,  Barometer,  Ther- 
mometer, Hygrometer,  and  Anejiometer. 
The  general  Laws  ascertained  regarding  tlie 
condition  and  fluctuations  of  our  Terrestrial 
.Itmosphere,  arc  discussed  under  articles  Atjio- 
si'Herb,  Barometer,  Hyorometer,  Hydro- 
meteors,  Clouds,  Foo,  Dew,  Rain,  Tempera- 
ture, Winds,  and  many  smaller  subsidiary  ones. 
The  chief  Optical  phenomena  are  treated  under 
Twilight,  KefractionAtmospueric,  Polar- 
ization At.mosi'Heric,  Mirage,  Coron/H,  Ha- 
loes, and  Rainuow.   For  others,  connected  with 
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Electric  and  Magnetic  influences,  see  Lightning 
Thunder,  Hail,  Waterspouts,  and  Auroras, 
And  the  student  is  further  referred  to  Isother- 
MALS,  Meteors,  Storms,  Snow,  &c.,  &c.  A 
singular  and  very  important  discussion  recently 
arose  within  the  French  Academy  of  Sciences,  as 
to  the  right  mode  of  conducting  meteorological 
researches,  so  that  results  of  a  clear  and  definite 
nature  be  deducible.  The  side  of  the  question 
hostile  to  present  methods  was  taken  by  M.  Reg- 
nault — a  physicist  whose  opinions  on  such  ques- 
tions is  entitled  to  every  weight;  while  the 
propriety  of  existing  methods  was  ably  sustained 
by  Le  Verrier  and  many  others.  The  questions 
mooted  during  this  debate  were  so  numerous, 
novel,  and  pertinent,  that  we  shall  re-open 
the  subject  under  Observatory  Meteorolo- 
gical.— There  are  many  great  works  on  all 
parts  of  meteorology  eminently  worthy  of  being 
consulted  by  the  student.  The  best  general 
manual  is  undoubtedly  that  of  Kaemtz,  trans- 
lated into  English  hy  Mr.  Charles  Walker.  See 
also  an  instructive  small  volume  by  Mr,  Drew. 
But  the  essaj's  by  the  late  Professor  Daniel  are 
especially  worthy  of  attentive  study  ;  the  writings 
of  M.  Dove,  as  well  as  the  recent  most  able, 
memoirs  of  Mr.  Glaisher.  As  to  monographs, 
there  are  multitudes; — to  be  distinguished  above 
all  others  are  the  physical  portions  of  the  recent 
French  Voyage  to  Scandina\ia,  Lapland,  and 
Greenland,  chiefly  in  this  respect  under  the  able 
direction  of  MM.  Bravais  and  ISIartins ;  and  the 
remarkably  interesting  memoirs  by  the  late  J. 
Fletcher  Miller  on  the  phenomena  of  rain  in  our 
Cumberland  and  Westmoreland  districts.  Special 
memoirs  of  highest  value  on  the  climate  of  vari- 
ous regions  of  the  earth  are,  however,  so  abim- 
dant  that  we  cannot  undertake  to  specify  them 
here.  The  student  is  refen-cd  to  the  instructive 
reports  by  Professor  J.  D.  Forbes,  read  before  the 
British  Association.  Nor  must  notice  be  omitted 
of  the  very  beautiful  Physical  Atlas,  edited  and 
published  by  BIr.  Keith  Johnston,  of  Edin- 
burgh, or  of  its  great  prototype  by  the  excellent 
Berghaus. 

Mcionic  Cycle.    See  Cycle. 

Metis.   One  of  the  Asteroids.    For  Element 
&c.,  see  Asteroids. 

Microgrnpliy.  Name  given  to  the  descrii)- 
tion  of  objects  which  are  examined  by  the  micro- 
scope chiefly. 

Microiucicr.  The  term  generally  applied  to 
contrivances  for  measuring  small  sjiaccs  or  angles 
v;ith  great  accuracy  or  convenience.  1.  Wire 
Micrometer. — Wlien  tlie  rays,  from  any  bright 
object,  fall  upon  a  convex  line,  an  inverted  image 
of  the  object  is  formed,  which  may  be  viewed  by 
the  eye-piece  as  if  it  were  a  material  body.  If  a 
fine  wire  or  spider's  web  be  stretched  across  the 
telescope  tube  at  the  place  wliere  the  image  is 
formed,  this,  too,  will  be  seen  distinctly  tlirough 
the  eye-piece.  Instead  of  fixing  the  wire  to  the 
telescope  tube,  it  is  stretched  across  a  sliding- 
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piece,  which  is  moved  by  a  screw  perpendicularly 
to  the  length  of  the  telescope,  and  can  thus  be 
made  to  measure  the  image  in  terms  of  the  revo- 
lutions and  parts  of  the  screw.    The  head  of  the 
screw  is  divided,  and  there  is  an  index  by  which 
the  parts  are  read  oft'.    A  little  tongue  passing 
over  the  notches  of  a  plate  notes  the  whole  num- 
ber of  revolutions.    A  micrometer  of  this  kind 
is  now  generally  applied  to  circles,  transits,  and 
theodolites,  in  addition  to  the  fixed  wires,  which 
of  course  are  always  necessary.    There  are  two 
verifications ;— first,  the  ascertaining  the  value  of 
a  revolution  of  the  screw;— and  secondly,  deter- 
mining the  reading  of  the  screw-head  when  the 
moveable  wire  coincides  with  the  fixed  wire.  In 
a  circle  or  theodolite  the  micrometer  wire  is  placed 
upon  a  sharp  distant  object,  and.  the  divided  limb 
read  off.    The  screw  is  turned  through  several 
revolutions,  and  the  object  is  again  bisected  by 
movmg  the  whole  instrument  by  its  tangent 
screw,  and  the  divided  limb  read  off  a  second 
lime.    "We  have  then  the  same  angle  measured 
in  revolutions  of  the  screw  and  in  the  divisions 
of  the  instrument,  and  by  a  simple  proportion 
have  the  value  of  a  revolution  and  of  a  part. 
With  a  transit,  the  passage  of  Polaris  over  the 
micrometer  wire,  is  observed  after  several  revolu- 
tions of  the  screw.    The  angular  motion  of 
Polaris  for  the  intervals  is  computed  from  the 
I  polar  distance;  and  thus  the  value  in  arc  obtained 
I  for  a  revolution  of  the  screw.    To  determine  the 
:  zero  position  of  the  micrometer  wire,  the  move- 

;  able  wire  is  brought  to  touch  the  fixed  wire,  

^  first  on  one  side,  and  then  ,  on  the  other,— and 
I  the  screw-head  read  off  each  time.    The  mean  of 
!  the  two  readings  will  be  that— when  the  two 
'  wires  are  exactly  superimposed.   2.  The  position 
I  wire  Micrometer  has  lately  come  very  much  into 
I  use  for  observations  of  double  stars,  and  is  the 
1  wire  micrometer  proper  for  equatorials.    In  this 
c  construction  there  are  two  wires  parallel  to  each 
•1  other— each  moveable  by  its  own  screw.  The 
»  whole  apparatus  can  also  be  turned  roimd  in  the 
•■  plane  of  the  wires,  so  as  to  place  the  wires  in  any 
■  direction,_the  angle,  round  which  it  is  turned 
bemg  read  off  by  two  verniers  upon  a  small 
circle,  called  the  position  circle.    In  measuring 
a  double  star,  the  wires  are  brought  near  each 
other,  and  the  apparatus  turned  round  until  the 
two  stars  are  either  threaded  on  one  of  the  wires 
OT,  being  placed  between  them,  are  judged  to  lie 
m  the  same  direction.    The  division  of  the  mi- 
crometer circle  is  then  read  off,  and  the  obser- 
?  Pr'"*"".'"  the  divided 

roumlqno  ,T''°"'''''''  ^"""^  *he  apparatus 
round  90  ,  and  the  wires  will  be  at  right  angles 

o  T  •'T'"^'  t^*'  «'ars.  Bv  moving 
he  equa  onal,  place  one  wire  a  on  one  of  the 
tars,  and  place  the  other  wire  n  by  its  screw  on 
tl^second  star.  Read  off  the  screw-head  of 
and  then  p  ace  a  on  the  second  star  by  moving 
the  equatorial,  and  b  on  the  fir.t  by  movine  its 
screw;  and  read  off  the  revolutions  and  parts  of 
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The  difference  of  the  two  readings  of  i?  will 
give— in  revolutions  and  parts  of  the  screw- 
twice  the  angle  between  the  two  stars.  The 
process  may  be  repeated — keeping  b  fixed  and 
moving  a.    Before  or  after  a  series  of  obser- 
vations, the  zero  or  index  wire  of  the  position 
circle  should  be  ascertained.    Place  the  instru- 
ment nearly  in  the  meridian,  and  make  a  star 
run  along  one  of  the  wires  from  end  to  end. 
Eead  and  note  the  position  circle,  which  should 
mark  90°  and  27°,  and  the  difference  from  this  is 
the  correction  to  be  applied  to  all  the  angles  of 
position  observed  during  the  evening.   The  value 
of  a  revolution  of  the  screw  may  be  determined 
by  separating  the  two  wires  a  given  number 
of  revolutions ;  and  observing  a  series  of  transits 
of  known  stars  over  them.    The  micrometer,  or 
reaching  microscope,  for  reading  off  the  divi- 
sions of  graduated  circles,  depends  upon  the  same 
prmciple  as  the  wire  micrometer.    An  enlarged 
image  of  the  divisions  of  the  limit  of  the  circle  is 
formed,  and  this  image  is  measured  by  the  revo- 
lutions and  parts  of  a  screw.    3.  The  divided 
object-glass  Micrometer  and  HeUometer.    If  an 
object-glass  be  cut  across  so  as  to  form  two  semi- 
circles, and  the  semilenses  be  separated  by  slid- 
ing one  beyond  the  other,  each  portion  will  form 
its  proper  image,  and  these  wiU  retreat  from 
each  other  as  the  semilenses  are  moved.  The 
semilenses  are  mounted  on  slides,  and  the 
quantity  of  separation  read  off  upon  a  scale. 
In  Bessel's  heliometer,  the  earliest  and  very  per- 
fect instrument  of  this  class,  the  focal  length  of 
the  object-glass  is  eight  French  feet,  and  the 
aperture  nearly  six  French  inches.    Suppose  a 
double  star  is  to  be  measured  with  the  heliometer : 
the  whole  of  the  object  end  is  tm-ned  round, 
until  four  stars  appear  in  a  right  Ime ;  and  the 
semilenses  are  separated  until  the  stars  appear  to 
be  exactly  the  same  distance  from  each  other, 
when  the  scale  is  read  off.    The  semilenses  are 
then  shifted  in  a  contrary  direction,  sliding  the 
two  images  over  each  other,  until  they  again 
appear  to  be  at  equal  distances,  and  the  scale  is 
again  read  off.    The  separation  of  the  scale  is 
four  times  the  angular  distance  between  the  stars. 
There  is  a  position-circle  in  which  the  direction 
of  the  stars  is  read  off.    Micrometers  of  tliis  kind 
require  no  illumination.    4.  Reticules  and  circu- 
lar^ micrometers.    The  micrometers  hitherto  de- 
scribed are  applied  to  the  accurate  measures  of 
small  angles ;  tlie  present  class,  though  very 
useful  in  certain  cases,  are  of  much  lower  pre- 
tensions.   The  reticule,  or  diaphragm,  as  it  i.s 
sometimes  called,  is  any  fixed  arrangement  of 
wires  or  bars  which  can  be  applied  to  a  telescope 
for  the  purpose  of  measurtment.    They  are 
chiefly  used  when  an  object  will  not  admit  of 
illumination,  or  where  liie  astronomer  has  no 
accurately-divided  instrument  at  his  disposal ; 
or,  as  in  the  case,  La  Caille,  at  tiie  Cape  of 
Good  Hope,  when  the  object  is  to  fix  approxi- 
mately a  greater  number  of  stars  tlian  could  be 
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ilone  in  the  sano  time  with  ordinary  instruments. 
Suppose  a  cross  like  an  x  or  v  to  be  cut  out  of 
brass  plates  and  inserted  in  the  principal  focus  of  a 
telescope  whose  optical  axis  is  in  the  meridian. 
A  star  in  passing  through  the  field  is  occulted  at 
its  passage  behind  each  of  the  bars,  and  the  time 
noted.  The  interval  will  show,  by  an  easy  cal- 
culation, how  far  it  passes  from  the  vertex,  and 
the  mean  of  the  times,  the  moment  when  it  passes 
the  axis  of  the  diaphragm.  If  the  trae  position  of 
any  one  star  so  passing  is  known  from  any  other 
source,  all  the  other  stars  can  thus  be  determined 
differentially  with  respect  to  it.  The  method  is 
not  very  accurate,  but  may  often  be  applied  ad- 
vantageously and  with  very  small  instrumental 
means.  If  a  fine  wire  be  drawn  perpendicular 
to  the  axis,  and  a  bright  star,  observed  wdth 
illumination,  made  to  run  along  the  wire,  the 
axis  of  the  diafihragm  can  be  set  in  the  meridian, 
and  that  is  the  only  verification  necessary.  The 
computation  in  declination  will  be  least,  if  the 
angle  between  the  stars  is  such  that  the  base 
of  the  triangle  is  equal  to  its  altitude.  This 
reticule  is  very  convenient  for  mapping,  if  placed 
in  the  meridian  ;  or  for  cometary  observation,  if 
the  telescope  is  mounted  as  an  equatorial,  how- 
ever  rudely.  The  circular  micrometer  was  in- 
troduced, we  believe,  by  Olbers,  and  perfected 
by  Frauenhofer  (Asiron  Nachricliten,  22),  and 
is  much  less  known  and  used  in  this  country 
than  it  deserves.  A  metal  ring  is  set  in  the 
centre  of  a  perforated  glass  plate,  and  the  outer 
ar.d  inner  edge  of  the  ring  is  turned  true.  The 
plate  is  fixed  in  the  focus  of  a  telescope,  and 
the  appearance  is  that  of  a  ring  suspended  in  the 
heavens.  The  telescope  is  pointed,  and  the  ob- 
server notes  the  time  when  a  star  disappears  at 
the  outer  ring,  re-appears  on  the  inner  ring; 
disappears  again,  and  finally  re-appears.  If  two 
stars  be  thus  observed,  it  is  clear  that  when  a 
mean  is  taken  of  the  disappearances  and  re- 
appearances of  each,  the  difference  between 
the  two  means  will  be  the  difference  of  right 
ascension  between  the  two  stars;  and  therefore 
that  if  one  be  known,  the  other  is  determined. 
Again :  if  the  diameter  of  the  ring  has  been  de- 
tennined,  and  the  declination  of  the  stars  nearly 
known,  the  time  of  describing  the  chord  of  the 
ring  will  give,  by  an  easy  computation,  the  dis- 
tance of  the  chord  from  the  centre,  and  that  the 
more  accuratelv  the  smaller  the  chord  described. 
The  sum  or  di'ffurcnce  of  these  two  distances,  is 
the  difleronce  of  the  stars  in  declination.  Frau- 
enhofer afterwards  proposed  another,  ring  and 
reticule  micrometer.  He  cut  a  series  of  rings  or 
lines  upon  a  pioccof  plane  glass,  which  he  placed 
in  the  principal  f^cus  of  tlie  object-glass,  and 
tlien  bv  a  side  lamp  illuminated  the  rings,  leav- 
ing the  rest  of  the  field  dark.  There  arc  many 
other  micrometers,  but  they  are  not  m  such 
general  use  as  to  demand  any  notice  here.  The 
reader  will  find  them  verv  fully  described  in  Pear- 
son's Aslronom:/,  vol.  xi.,  pp.  212G  to  72  inclusive. 


ITIicropIioiic.  A  general  name  given  to  in- 
struments enabling  us  to  augment  sound,  just  as 
the  microscope  augments  visual  angles.  Thus, 
the  speaking  trumpet,  by  confining  sonorous  vi- 
brations and  multiplying  them  by  concentrations 
is  a  microphone. 

MicroNcopc.  We  cannot  give  anything  like 
a  history  of  microscopes,  or  attempt  to  describe 
the  different  constructions  ;  but  it  seems  necessary 
to  oflfer  a  very  brief  account  of  the  chief  trans- 
formations they  have  undergone,  from  first  to  last. 
The  ancients  made  use  of  glass  bladders  to  mag- 
nify writing,  and  imdoubtedly  they  often  u-sed 
them  for  the  execution  of  their  cameos.  They  had 


Figs.  1,  2. 

discovered  that  the  convergence  of  luminous  rays 
makes  the  object  appear  magnified.    The  four- 


Fig.  3. 

teenth  century  witnessed  the  discovery  of  wTought 
glasses  ;  they  alone  were  employed  as  microscopes 


Fig.  4. 


Figs.  1,  2,  and  3,  used  by  clockmakers,  engravers,  bo 
tiuiists,  minemlogists,  &c.  arc  only  simple  lenses! 
soniolimes  called  simple  tnicroaropcs,  though  w 
name  is  nsunl  when  the  simple  lens  is  mountei 
on  any  foot.— The  simple  microscope,  fig.  4,  cun 
sists  of  11  mirror  A,  reflecting  the  light  on  a  c«r 
Tying  jflass  <?,  which  is  moveable  up  and  down  i'. 
II  screw,  and  n  gloss  a. 
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far  nearly  two  hundred  years.    Originally,  these 
glasses  were  pretty  large,  but  the  more  perfect 
workmanship  became,  the  easier  it  was  to  con- 
struct lenses  having  a  very  short  radius  of  cur- 
vature, and  which  magnified  very  greatly.  Of 
this  kind  are  magnifying  glasses  of  all  sorts 
consisting  essentially  in  a  convergent  glass  with 
short  focus,  fixed  in  a  mounting  varying  accord- 
ing to  the  use  to  be  made  of  the  instrument, 
For  most  researches,  the  difficulty  of  holding 
little  glasses  in  the  hand,  soon  required  the 
raoimting  of  them  between  two  plates  of  copper, 
which,  by  narrowing  the  opening,  diminished  the 
aberration  :  the  necessity  of  support  was  at  the 
same  time  felt,  and  tlie  rudimentary  form  of 
our  present  simple  microscope  was  the  result. — It 
was  with  such  aids  as  those  figured  above  that  all 
the  celebrated  researches  of  Leeuwenhoek,  Swam- 
merdam,  and  Lyonnet  were  carried  through.  To- 
wards the  middle  of  the  seventeenth  century,  very 
small  lenses  of  melted  glass  were  substituted,  their 
focal  distance  being  much  smaller  than  that  of 
lenses  made  by  hand :  and  their  magnifying  power 
being  therefore  more  considerable,  they  occasioned 
a  crowd  of  discoveries.     The  true  inventor  of 
these  is  scarcely  known.   Some  say  Father  Delia 
Torre,  and  others  Dr.  Hooke.    Several  years 
since  M.  Gaudin  greatly  improved  these  lenses  by 
using  in  the  manufacture  of  them  rock  crystal,  free 
from  double  refraction.  By  an  extremely  ingeni- 
ous process  he  found  a  means  of  working  at  once 
the  smooth  surface  of  more  than  100  lenses; 
80  that  their  plane  correspond  always  to  the 
most  regularly  spherical  part  of  the  glass.  Each 
of  these  hemispheres,  fitted  in  a  very  simple 
^d  convenient  mounting,  is  an  excellent  mi- 
croscope, and  besides  very  cheap.    It  has  but 
one  defect,  that  of  having  a  very  narrow  field. 
The  researches  of  Sir  David  Brewster  and  Mr. 
Goring  on  lenses  of  precious  stones  in  England, 
and  of  BI.  Raspail  in  France,  are  of  gi-eat  interest 
in  the  history  of  attempts  to  perfect  the  simple 
microscope.  —  The  compound  microscope  dates 
from  the  seventeenth  century;  the  first  was  doubt- 
less formed  by  two  separate  glasses,  the  one  acting 
as  the  object-glass  and  the  other  as  the  eye-glass. 
Ramsden  greatly  improved  it  by  the  application 
of  hi.s  ocular  system  to  two  glasses.    The  micro- 
scope consists  essentially  of  a  lens  of  short  focal 
distance,  which  is  directed  towards  the  object 
and  which  is  therefore  called  the  ohject-g\vLS5 
or  lens.    Placed  at  a  distance  from  the  object, 
a  little  above  its  focal  distance,  this  glass  forms 
an  image  of  the  object  magnified  witliin  the 
tube  supporting  it    Starting  from  this  real  and 
reversed  image,  the  rays  which  have  originated 
Jt  by  their  crossing,  continue  their  path,  so  that 
the  part  of  space  occupied  by  the  image  radiates 
through  a  small  space  like" a  true  object;  this 
image  may  be  then  examined  in  space,  looked  at 
c  osely  through  the  glass,  as  if  it  were  a  real 
"bject.    This  is  why  another  lens  or  system  of 
lenses  is  mounted  at  the  end  of  the  tube  oppo- 
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site  the  object-glass ;  a  lens  or  system  usually 
of  pretty  long  focus,  and  called  the  eye-glass. 
Looking  through  it,  we  see  the  already  magnified 
image  of  the  object;  thus  the  magnifying  power 
of  a  compound  microscope  is  equal  to  the  magni  - 
fying  power  of  the  object-glass  multiplied  by  that 
of  the  eye-glass. — It  is  impossible  even  to  quote 
the  chief  improvements  which  the  microscope 
underwent,  until  Euler,  in  1769,  indicated  the 
construction  of  achromatic  lenses ; — that  bint 
itself,  will  it  be  believed,  not  having  been  verified 
in  practice  till  1816,  by  Frauenhofer,  the  famous 
Munich  optician.  In  France,  the  first  achromatic 
microscope  was  presented  by  M.  Selligue  to  the 
Institute  in  1823.     The  opticians  who  have 
contributed  to  bring  it  to  its  present  condition 
are  principally — in  Italy,  Amici ;  in  Genuany, 
Ploessl,  Schick,  and  Pistor;  in  France,  Chevalier, 
Oberhauser,  Trecourt,  and  Lerebours ;  in  Eng- 
land, TuUey,  Pritchard,  Smith  and  ]3eck,  and 
Ross. — Micrographers  have  always  been  divided 
into  two  parties,  the  one  advocating  the  exclusive 
use  of  the  simple,  the  other  of  the  compound  mi- 
croscope.   The  enormous  improvements  made  on 
the  latter  have  finally  settled  the  question : 
simple  microscopes  being  entirely  incapable  of' 
competing  in  extent  of  field,  or  magnifying 
power,  with  compound  microscopes  with  achro- 
matic lenses.    These  can  magnify  as  much  as 
1,500  diameters,  and  give  everything  with  perfect 
clearness,  up  to  500  or  600.   When  noticing  the 
various  forms  of  compound  microscopes,  it  is  im- 
possible to  pass  over  the  last  improvements  of  Mr. 
Ross.    The  celebrity  of  this  artist  is  now  Euro- 
pean.   He  has  approached  as  near  to  perfection 
as  any  one  m  the  construction  of  object-lenses ; 
he  has  invented  an  adjusting  object-piece  of  much 
practical  value ;  and  the  firmness  of  his  supports 
— the  steadiness  and  facility  of  every  motion  re- 
quired for  adjustment,  leave  little  to  be  desired. 
If  we  do  not  add  here  more  special  notice  of  tlie 
works  of  Smith  and  Beck,  it  is  only  because  of 
the  pressure  of  our  limited  space,  and  not  becausp 
we  undervalue -the  Instruments  of  these  eminent 
artists.    To  Mr.  Varley,  also,  improvements  are 
due ;  and  M.  Nachet,  of  Paris,  has  recently  produced 
microscopes  with  two,  orthrec,  or  even  four  diflferent 
eye  tubes,  so  that  a  number  of  persons  may  view 

thesameobjectatthesametime  The  applications 

of  the  microscope  are  very  numerous ;  it  supplies 
important  data  in  science,  the  arts,  industry, 
medicine,  &e. ;  it  would  be  too  long  to  exhibit 
them  in  detail ;  we  shaU  notice  only  few.  There 
is  one  condition  without  which  the  microscope 
cannot  display  its  power,  e.  g.,  transparencv. 
Opaque  bodies  require  to  be  illuminated  from 
above,  by  the  use  of  a  glass  or  convex  prism,  or 
a  mirror  of  very  short  focal  distance  screwed  on 
to  the  glasses,  which  Lieberlciihn  (who  in  1738 
suggested  the  solar  microscope  also),  first  intro- 
duced ;  yet  they  can  bo  but  imperfectly  studied 
in  that  way.  Still  as  with  them  it  is  of  most 
importance  to  get  the  reliefs,  &c.,  the  ordinary 
obi 
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glass  or  the  Coddington  microscope  are  sufficient 
— and  besides,  as  these  objects  are  often  natural 
objects  of  considerable  extent,  they  are  divisible 
into  thui  plates,  or  steeped  in  certain  mixtures 
so  as  to  increase  their  transparency.  In  chem- 
istry the  microscope  is  used  to  detect  the  form  of 
very  small  crystals  which  give  a  pearly  appear- 
ance to  liquids ;  in  general,  continuous  and  clear 
liquids  escape  the  microscope,  but  the  slightest 
appearance  of  milkiness  or  muddiness  proves  the 
existence  of  numberless  light  bodies  held  in  sus- 
pension, spherical  or  angular,  dead  or  living. 
The  formation  of  crystals  may  be  observed  by 
placing  a  drop  of  the  fluid  on  the  plate  for  hold- 
ing objects.  This  phenomenon,  from  the  clearness 
of  the  lines  and  their  completeness,  the  brilliancy 
of  colours,  and  the  activity  of  production,  is  one 
of  the  most  beautiful  that  can  be  conceived :  the 
isolated  crystals  which  have  been  produced  by 
slow  evaporation  are  remarlcable  for  the  clearness 
of  their  facets  and  the  beautiful  transformations 
they  undergo  when  submitted  to  polarized  light. 
If  this  light  be  powerful  as  a  help  to  determine 
the  crystalline  system  of  a  body,  it  is  still  more 
so  to  eifect  the  most  brilliant  phenomena  of  color- 
ation which  can  be  conceived.  We  quote  espe- 
cially the  hydro- chlorate  of  ammonia,  the  chlorate 
of  potash  and  the  sulphate  of  copper.  There  are 
vital  Uquids  also,  the  blood,  milk,  lymph,  the 
urine,  the  sperm,  the  saliva,  which  are  in  the  pro- 
vince of  medicine.  There,  microscopic  examina- 
tions are  of  the  greatest  value  in  cases  of  disease — 
perhaps  too  little  practised.  The  most  frequent 
and  alluring  application,  however,  is  to  the  animal 
and  vegetable  kingdom ;  living  nature  especially, 
astonishes  us  with  the  delicacy  of  the  organisms 
and  the  energy  of  movement  shown  in  its  small- 
est beings.  With  the  microscope,  we  see  that 
woods,  barks,  the  coarsest  as  weU  as  the  most 
delicate  vegetable  and  animal  epidermis,  hairs,  til- 
aments,  algae,  mosses,  pollen,  feculse — are  formed 
of  concentric  envelopes  with  canals  and  pores 
of  a  very  delicate  texture.  The  organs  of  insects 
are  more  curious  still,  their  wings,  their  suckers, 
tlieir  antennte,  show  a  perfect  aptitude  and  har- 
mony to  their  various  functions.  There  is  another 
very  interesting  use  of  the  microscope — to  detect 
forgeries  and  falsiQcations.  It  appears  almost 
impossible  to  obtain  pure  products  in  the  case 
of  valuable  or  useful  articles  sold  in  the  form  of 
powders,  paste,  or  filaments :  thus  salts,  meal, 
silk,  linen,  wax,  chocolate,  coffee,  and  many 
drugs  are  falsified.  The  microscope  is  indispen- 
sable for  the  detection  of  these;  it  is  more 
I)owcrful,  because  far  easier  of  application,  than 
chemical  analysis ;  and  the  latter  would  fail  in 
some  cases,  as"  in  detecting  infirmities  in  cloths. 
Tlie  microscopical  analysis  of  the  tissues  shows 
tlie  dealer  whatever  small  quantity  of  cotton 
lias  been  introduced  into  a  stuff  sold  as  not  con- 
taining any;  and  it  shows  besides  if  the  real 
material  is  so  fine  as  it  should  be.  In  flour, 
fraud  is  very  common  ;  beans,  pease,  or  oatmeal, 
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may  be  added  so  easily;  and  the  microscope 
alone  can  detect  the  adulteration.  Almost  all 
chocolate  is  adulterated  with  potato; — a  frag- 
ment dissolved  in  a  drop  of  water  is  enough  to 
detect  it.  —  Microscopical  illusions  have  been 
much  talked  of ;  undoubtedly  they  are  possible ; 
they  arise  usually  from  too  powerful  illumina- 
tion ;  care  and  attention  easily  however,  get  rid 
of  them. — Mention  should  be  made  of  the  Solar 
Microscope.  A  concourse  of  the  sun's  rays  is 
indispensable  for  it.  A  large  bundle  of  rays  is 
reflected  horizontally  by  a  plane  mirror  suitably 
inclined,  and  then  concentrated,  by  a  great  con- 
centrating glass,  on  the  object.  At  a  small  dis- 
tance, a  series  of  glasses  is  placed,  capable  of 
forming  a  real  and  considerably  magnified  image 
on  a  white  screen.  If  darkness  has  been  pre- 
viously procured  in  the  chamber,  the  image, 
after  the  microscope  is  adjusted,  is  brilUant  and 
well  defined,  and  may  be  seen  by  a  whole  com- 
pany. The  oxyhydrogen  light  and  the  electric 
light  have  been  both  made  use  of  as  substitutes 
for  the  solar  rays ;  the  latter  especially  is  capable 
of  producing  very  brUliant  results. 

ITlici'oscope  Dickroic ;  Dicliroscopic 
liCns  or  Dichroscopc, —  Ilaidinger's. 
Some  crj'stals  viewed  by  transmitted  light  pre- 
sent different  colours  in  different  directions. 
This  general  property  is  termed  pleochroism, 
or  dichroism  when  the  colours  are  different  in 
two  directions  only.  The  dichroscopc  was  con- 
trived by  Haidinger  for  examining  this  peculi- 
arity. An  oblong  rhombohedron  of  Iceland  spar 
has,  cemented  to  each  extremity,  a  glass  prism  of 
18°.  It  is  placed  in  a  metallic  circular  case 
having  a  convex  lens  at  one  end,  and  a  square 
hole  at  the  other.  On  looking  through  it,  the 
square  hole  seems  double;  and — when  a  pleo- 
chroic  crystal  is  examined  with  it  bj'  transmitted 
light — on  revolving  it,  the  two  angles,  at  inter- 
vals, in  the  revolution,  have  different  colours — 
the  colours  being  those  which  the  transmitted 
light  affords.  Andalusite,  Tourm<iline,  Corun- 
dum, Topaz,  Idocrase,  Eiurase,  Mica,  show  well 
the  propertj',  and  any  coloured  crystals  not 
monometric  that  are  sufiiciently  transparent 
Dichroism  is  thus  detected  by  looking  in  but 
one  direction ;  the  two  colours  are  brought  into 
direct  contact,  and  made  thereby  ob\-ious  when 
not  otherwise  perceived.    See  Pleochkoism. 

Microscope  Kcnding.  The  general  nature 
and  importance  of  this  valuable  and  indeed  most 
essential  instrument  has  already  been  described 
under  Micrometer.  It  only  requires  to  add  a 
word  as  to  the  mode  of  placing  it.  The  essential 
requisite  evidently  is  that  its  place  be  absolutely 
fixed  in  relation  to  the  circle  whoso  di\-isions  it 
examines,  or  that  its  change  be  a  definite  and 
measurable  one.  In  this  country,  generally,  the 
former  quality  is  sought  to  be  preserved,  and  the 
reading  microscope  is  fixed  on  stone  piers : — there 
are  two  admirable  examples  of  so  fixing  it, — one 
at  Armagh,  where  the  circle  was  erected  imder 
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Hie  inspection  of  Dr.  Robinson, — and  the  other 
ill  the  case  of  the  new  Transit  Circle  at  Green- 
:vich.    Perhaps  no  improvement  could  be  sug- 


,'csted  on  either  of  these.    In  continental  instru- 
ments again  there  is  no  effort  to  giye  absolute 
stability  to  the  reading  microscopes.    They  are 
noimted  on  the  circumference  or  rim  of  a  secondary 
ii  ass  circle  or  o?tcfa(fa,  which,  from  its  position, 
iiust  be  subject  alike  to  motions  of  translation 
;iid  rotation.    The  effect  of  motions  or  displace 
ments  of  translation  is  equivalent  to  a  mere  ec 
centricity,  and  is  of  course  compensated  for,  by 
:  the  readings  of  the  opposite  microscopes.  The 
i  effect  of  motion  of  rotation  is  detected  by  an  ex- 
quisite kvel,  and  compensated  for  by  a  correction 
a  applied  to  the  mean  of  the  readings.  Further 
r  reference  has  been  made  to  this  subject  under 
I  Circle. 

Milky  Way.  The  name  long  given  to  that 
nmilky  band  which  passes  through  the  midnight 
hheavens  nearly  along  a  great  circle  of  the  sphere. 

nllt  is  sometimes  applied  to  the  entire  cluster  of 
•  stars  to  which  we  belong.  The  whole  of  this 
-.deeply  interestmg  subject  is  discussed  under 
>iNEBDL<E  and  Stars. 

Mineralo^,  iUatheiuatical,  Phyncal. 
VWith  the  great  subject  of  Mineralogy  in  its 
Wargest  sense  we  have  of  course  nothing  to  do  in 
ttthis  Cyclopedia.  And  there  are  only  a  few  rela- 
titions  under  which  it  is  needful  that  we  look  at 
ntone  part  of  it, — the  part  usually  named  Crystal- 

thgraphy.     Into  the  section  of  Mathematical 
Crystallography  we  shall  not  at  all  enter,  further 
iMhan  by  taking  from  it  a  few  definitions.  It 
rwonld  have  been  possible  to  have  regarded  it 
isas  belonging  to  the  matters  within  our  special 
■arange;  but  our  space  is  so  confined  that  this 
••TOuld  not  have  been  done  without  considerable 
R  impropriety. — A  crystal  is  an  inorganic  solid 
bmmded  by  plane  surfaces  symmetrically  arranged 
mnd  resulting  from  the  forces  of  the  constituent 
molecules.    After  this  definition  it  is  needless  to 
"fadd  that  crystallographic  forms  are  our  first  and 
"Jurest  keys  to  the  character  of  molecular  forces, 
fflnd  that  every  physical  action  depending  upon 
whese  forces  or  capable  of  being  modified  by  them, 
riwill  be  found  connected  by  closest  ties  with  the 
jronn  of  the  crystal.    In  article  Elasticity, 
MTom  the  pen  of  Professor  Rankme,  certain  great 
•WW8  are  laid  down  illustrative  of  this  cardinal 
^th,  and  the  same  very  able  inquirer  is  further 
developing  his  views.    Under  Acoustics  we 
"ave  ^ven  the  striking  results  of  Senarmont; 
wnaer  Magnetism  we  have  treated  of  Magne- 
W^Tystallic  action  in  so  far  as  that  is  yet  under- 
lood ;  so  that  it  seems  to  remain  for  us  here  to 
■Her  a  few  general  remarlts  on  the  op^jcaZ  relations 
crj'stals— a  subject  treated  in   due  detail 
•naer  Refeaction  and  Polarization.    It  is 
ecessary,  above  all,  that  the  student  who  would 
nter  on  this  subject  have  a  correct  and  well- 
etined  notjon  of  the  meaning  of  the  term— the 
^xi8  of  a  Crystal    This  term  has  simple  refor- 


683 


ence  to  the  form  of  the  crj'stal ;  in  other  words, 
it  is  a  pure  mathematical  term.    An  axis  thus 
understood  is  a  line  connecting  points  diagonally 
opposite,  such  as  the  apices  of  opposite  solid 
angles,  the  centres  of  opposite  edges,  or  of  oppo- 
site faces.    Now  if  the  three  axes  of  a  crystal 
(there  must  always  be  three  in  a  regular  solid) 
be  equal,  the  crystal  is  termed  monometric ;  if  the 
horizontal  diameters  are  equal  the  system  is  di- 
metric  or  hexagonal ;  if  the  three  axes  are  un- 
equal the  system  is  trimetric  or  oblique.  Refer- 
ence to  the  forms  of  the  regular  solids  will  enable 
the  student  easily  to  realize  these  purely  mathe- 
matical definitions.    The  main  point  of  physical 
unportance  now  to  be  referred  to  is  this — (and 
we  cannot  avoid  challenging  its  discovery  as  one 
of  the  greatest  of  this  age,  and  one  of  the  chief 
claims  to  high  and  lasting  distinction  of  our 
countryman  Sk  David  Brewster)_<y^e  whole  of 
the  remarkable  optical  phenomena  known  as  He- 
fraction,  Double  Refraction,  ^c,  are  intimately 
and  indissolubly  connected  with  these  mathemati- 
cal characteristics  of  crystals.    It  has  already 
been  stated  as  the  law  of  ordinary  refi-action,  or 
Snell's  law,  that  when  a  ray  passes  from  one 
medium  to  another  its  course  changes,  and  that 
the  sine  of  the  angle  of  incidence  bears  a  con- 
stant ratio  to  the  sine  of  the  angle  of  refraction. 
This  new  ray  is  the  ordinary  refracted  ray.  Now, 
Brewster  first  discerned  that  in  monometric  crys- 
tals there  is  no  deviation  whatever  from  this 
law ;  one  refracted  ray  is  produced  with  a  direc- 
tion determined  as  above.    In  all  other  forms  of 
crj'stals,  on  the  other  hand,  the  incident  ray  is, 
unless  m  special  directions,  refracted  or  divided 
mto  two  rays;  and  in  this  case  also  we  have 
two  classes  of  phenomena — viz.,  in  one  set  or  class 
of  crystals  one  ray  foUows  the  law  of  Snell,  and  in 
another  set  neither  ray  does  so.    Now,  Brewster 
showed  that  the  former  crystals  all  belong  to  the 
dimetric  class,  while  the  latter  are  trimetric  or 
oblique.    The  details  of  these  remarkable  pheno- 
mena are  discussed  elsewhere  (see  Refraction 
Double),  but  we  could  not  avoid  a  notice  of 
them  in  this  place,  as  the  first  incident  that  con- 
nected internal  molecular  arrangement,  or  inter- 
nal elasticity,  with  these  singular  optical  pheno- 
mena.   Sir  David  Brewster  was  not  arrested 
even  by  the  brilliancy  of  these  general  results ; 
nor  is  there  anything  finer  in  modem  experimen- 
tal inquiry  than  the  zeal,  acuteness,  and  success 
with  which  he  followed  out  this  range  of  in- 
quiry. We  shall  frequently  refer  to  liis  researches 
— especially  imder  the  articles  just  named  and 
Polarization. 

ITliragc.  The  name  mirage,  has  been  given 
to  certain  singular  apjiearances  due  to  special 
atmospheric  conditions  concerning  tlie  different 
densities  of  adjacent  layers  of  air,  and  the  pheno- 
menon consists  in  an  apparent  displacement  of 
the  objects — an  apparent  depression  or  elevation 
of  their  imagcs,  which  are  sometimes  erect,  some- 
times reversed,  just  as  a  distant  shore  is,  when 
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seen  by  reflection  in  a  sheet  of  water — The 
mirage  must  have  been  observed  in  verj'  ancient 
times.  Perhaps  the  best  Icnown  instance  of  it 
is  in  the  Fata  Morgana,  at  Eeggio  in  Calabria, 
on  the  eastern  coast  of  the  strait  between  Sicily 
and  Italy.  From  the  shore  of  Eeggio  it  is  seen 
in  the  north  of  the  town,  that  is,  where  Sicily 
approaches  nearest  Calabria,  and  as  ]\Iessina  is 
not  far  from  the  direction,  it  used  to  be  commonly 
thought  that  the  phenomenon  was  a  representa- 
tion of  that  city  —  distant  fi-om  Eeggio  about 
three  miles — seen  in  the  air.— The  elder  physicists 
believed  that  reflection  was  the  cause  of  the 
phenomenon — the  more  recent  have  seen  that  it 
is  due  to  refraction.  Wollaston,  in  1800,  showed 
how  to  imitate  the  chief  effects  by  superposing 
in  a  vessel  with  plane  faces,  two  liquids  of 
different  densities,  and  capable  of  chemical 
affinities  to  one  another, — such,  for  instance,  as 
water  and  alcohol,  water  and  syrup, — pure  water 
and  gummed  water,  cold  and  warm  water,  &c. 
By  gradual  interpenetration  a  liquid  would 
result  varying  in  constitution,  and  therefore 
in  density  from  point  to  point,  so  that  the  refrac- 
tive indices  would  differ  with  the  height.  Thus 
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in  the  figure  taken  from  his  memoir,  the  paths 
or  trajectories  of  the  rays  m  a  direction  sensibly 
horizontal,  give  a  direct  image,  little  if  at  all 
erroneous,  of  the  object. — If  the  curve  mm' 
n'n  represent  the  law  of  decrease  of  density 
with  height — the  density  being  proportional  at 
any  point  to  the  horizontal  distance  from  a  certain 
vertical  a  b  (that  is  the  refractive  powers  ,£4  — 1, 
where  ^  is  the  index  of  refraction),  the  trajec- 
tories, which  pass  from  the  object  and  traverse 
the  system  at  the  height  m'  p  where  the  densities 
are  rapidly  diminishing,  are  convex  towards  the 
.sky,  and  the  trajectory  from  the  upper  part  of 
the  object  i,  is  more  bent  than  that  from  the 
lower,  so  tliat  the  pencil  of  rays  o  m'p  which 
reaches  the  eye  appears  to  cDme  from  an  object 
It,  in  the  direction  of  o  in,' ]>,  but  reversed. 
Finally,  other  trajectories  may  traverse  the  vessel, 
passing,  for  instance,  across  q  n',  and  seen  at  o 
as  if  coming  from  a  second  image  d  higher  up 
than  R  and  erect.— If,  on  the  other  hand,  the 
superposition  of  the  fluids  produced  an  increase 
of  the  refractive  powers  with  the  height,  the 
curve  expressing  their  variation  would  be  n  m 
(as  in  the  superposition  of  alcohol  on  Avatcr). 
Here,  also,  by  placing  the  eye  above  the  upper 
liquid  we  should  have  three  images— the  hrst, 
direct  and  straight,  through  the  fluid,  hke  i ; 
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the  second,  lower  and  reversed,  like  e  ;  and  the 
third,  yet  lower  and  direct,  like  d. — Wollaston 
instituted  experiments  also  upon  the  vapour  of 
ether  and  the  vapour  of  water,  the  liquids  being 
poured  on  a  plate  and  allowed  or  forced  to  eva- 
porate. The  phenomena  were  exactly  those  of  tl ; 
mirage.    An  examination  of  these  experiment.--, 
then,  and  of  the  conditions  under  which  the  results 
appeared,  would  evidently  give  ns  all  that  we 
could  desire  in  respect  to  the  actual  physical  cause 
of  the  mirage.     In  aU  of  them  there  is  the 
adjacence  of  layers  of  air  of  different  temperatures, 
and,  consequently,  of  different  refractive  powers, 
or  if  not  of  air,  still  of  gases  of  different  refrac- 
tive powers.  In  the  ordinary  case  of  nature,  then, 
where  pi-actically  we  have  only  air  to  consider, 
a  mirage,  since  it  does  not  always  or  frequently 
happen,  will  occur  when  the  layers  of  air,  near 
the  level  surface  (of  e.g.,  water  or  sand),  have 
different  refractive  powers  to  any  unusual  extent, 
A  difference  in  temperature  between  the  air  and 
the  soil,  or  water,  will  produce  that  result,  if  it 
be  large  enough,  and  then  there  wll  be  a  mirage. 
— The  mirage  shows  itself  chiefly  on  the  sea  and 
lakes,  or  on  a  large  sandy  plain.    On  the  surface 
of  water,  it  usually  comes  in  the  mommg,  and 
either  in  summer  or  autumn.    At  the  latter 
season  the  water  long  keeps  its  own  heat,  and 
in  the  morning  especialh'  after  a  clear  and  calm 
night,  its  temperature  may  be  several  degrees 
higher  than  that  of  the  air ;  at  that  time  we  are 
almost  sure  to  see  the  mirage.    But  to  do  so, 
we  must  place  the  eyes  very  near  the  level  of 
the  water— a  yard  or  even  less  from  it,  in  order 
to  look  at  the  outlines  of  a  shore  or  at  objects, 
about  three  quarters  of  a  mile  distant.  Objects 
which  are  eight  or  ten  miles  distant  we  may 
observe  the  mirage  with  respect  to,  from  much 
higher  elevations.    Almost  always  at  the  sensible 
horizon  of  the  water  there  vnll  appear  a  little 
quivering  motion,  and  if  the  mirage  be  distmct 
it  will  be  bordered  by  a  sort  of  serrated  part,  the 
jags  of  which  shift  and  dance  up  and  down  con- 
tmually.    If  we  observe  carcftdly  the  form  of 
the  objects  which  appear  above  the  horizon — 
taking  special  note  of  those  lines  which  seem  to 
slope  obhquely  towards  it,  it  ynW  be  seen  that 
each  of  them,  when  it  reaches  a  certain  heighv 
above  the  horizon,  changes  its  direction  abruptly, 
nearly  as  if  reflected  at  the  point  of  change  from 
a  vertical  miri-or.    The  figure  wiU  exlubit  some 
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of  these  appearances.— The  change  of  direction  is 
made  abruptly— but  not  neariy  so  much  so  as 
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for  simple  reflection  at  a  mirror  up  to  which  the 
object  reaches.  Suppose,  for  instance,  a  hori- 
zontal mirror  through  the  keel  of  the  ship  in  the 
figure.  The  oblique  line  would  in  reflection  from 
this  mirror  be  given  back  quite  straight  and 
distinct — in  the  actual  case  of  the  mirage,  it  is 
confused  at  the  pomt  where  it  meets  the  mirror 
and  the  complete  visible  line — jointed  sharply, 
in  the  one  instance,  and  as  it  were  rounded  away 
in  the  other.  Thus,  for  instance,  a  cape  which 
stretches  under  a  pretty  acute  angle  into  the 
sea,  will  appear  in  simple  reflection  quite  as 
sharply  given  back  beneath  the  water — in  the 
mhage,  on  the  other  hand,  it  appears  with  its 
point  smoothed  and  blunted. — The  points  of  this 
inflection,  or  doubling  back  of  the  direction  of 
obhque  lines  maybe  foi-med  in  idea  by  a  line  going 
all  round  the  horizon,  in  the  whole  space  where  the 
phenomenon  appears.  This  line  we  may  caU  the 
line  of  separation.  Above  and  below  this  line  the 
appearance  will  be  approximately  as  above  that 
of  an  object  reflected  in  a  plane  mirror  passing 
through  it  and  the  eye.  But  this  is  not  quite 
the  case.  In  general  it  happens  that  the  image 
below  the  plane  is  suddenly  cut  otf — as  in  the 
figure— in  fact,  wherever  it  would  occupy  an 
angular  space  greater  than  that  between  this 
plane  and  the  sensible  horizon,  it  is  so.  Some- 
times again  a  yet  more  remarkable  eflfect  results 
which  we  shall  see  farther  on.  By  using  a 
telescope  we  can  often  recognize  this  character 
where  it  could  not  be  made  out  by  the  naked 
eye.  The  distinction  between  the  optical  appear- 
ance and  the  mirage  can  be  verj'  readily  made 
too  if  a  breeze  happen  to  spring  up.  The  reflec- 
tion image  wavers  and  disappears,  while,  accord- 
ing to  Woltmann's  observations,  a  little  breeze 
makes  the  mirage  more  distinctly  visible.  The 
cause  is  probably  that  it  preserves  more  perfectly 
the  dissimilar  states  of  the  layers  of  air  near  the 
sea  in  respect  to  temjjerature — giving  no  time  for 
their  intermingling  and  permeation. — A  remark- 
able appearance  is  produced  where  we  see  under 
mirage  a  low  lying  shore ;  a  portion  of  the  air 
which  lies  quite  adjacent  to  it  is  repeated  in  the 
inferior  image  which  will  not  itself  reach  quite  to 
the  sensible  horizon,  and  the  appearance  is 
absolutely  that  of  a  portion  of  eartli  suspended 
m  the  air.  Busch  saw  this  phenomenon  at  the 
island  Sproe,  which  was  raised  about  3'  above 
the  sea  level.  It  may  be  seen  also  very  finely 
at  the  mouth  of  the  Gironde,  and  it  occurs  eveia 
more  frequently  over  sandy  plains  and  steppes 
than  over  sheets  of  water.  Sometimes  in  this 
way,  a  false  horizon,  upon  which  it  seems  to 
rest,  may  appear  to  the  eye.  Generally  the 
tele.5cope  will  make  the  distinction  appear. — 
When  an  object  is  coming  to  the  observer — for 
instance  a  shijj  at  sea— it  at  one  point,  mathe- 
matically at  the  end  of  the  caustic,  which  is 
the  envelope  of  the  trajectories  of  refracted  rays 
—it  appears  to  divide  itself  into  two  ships— an 
upper  image— the  ship  as  before,  and  a  lower  one, 
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which  keeps  increasing  in  amplitude,  as  in  fig.  2, 
until  it  quite  reaches  the  sensible  horizon.  If 
the  ship  still  approaches — this  image  seems  to 
descend — part  after  part  of  the  masts,  sails,  &c., 
fail,  and  at  the  other  extremity  of  the  caustic, 
it  disappears.  Similarly  for  an  object  which 
rises  up  from  the  level,  but  whose  distance  doe.? 
not  vary — far  example  the  rising  sun.  At  fii-st 
there  is  seen  a  brilliant  double  segment — which 
grows  imtU  the  lower  segment  touches  the  horizon 
— then  gradually  the  upper  segment,  as  the  sun 
continues  to  rise,  enlarges  into  a  complete  circle, 
and  when  the  rim  of  the  lower  detaches  itself 
from  the  caustic,  the  lower  image  disappears. 
At  the  setting  of  the  sun,  the  phenomenon  may 
be  repeated,  but  in  reverse  order. — The  depres- 
sion of  the  apparent  horizon  in  times  favourable 
for  mirage  is  always  greater  than  it  is  under 
normal  atmospheric  conditions.  It  is  important 
both  as  a  practical  problem  to  navigators,  and 
as  connected  with  the  theory  of  the  mirage,  to 
determine  this  angle  of  depression.  Woltmann 
has  shown  that  when  the  depression  passes  2'-6" 
there  is  always  mirage;  and  for  3'-36"  (tlie 
measurements  are  French),  the  mirage  is  very 
distinct.  When  we  observe  the  angular  interval 
between  the  line  of  separation  and  the  horizon, 
it  is  noticed  that  the  nearer  the  objects  from  which 
the  observation  is  made,  the  smaller  is  the 
angular  interval.  Thus  M.  Bravais,  in  Lap- 
land, olfcerved  at  a  distance  of  about  5  miles  the 
angular  interval  to  be  6'.  At  about  25  miles, 
it  was  7' — a  difierence  sufiiciently  e\'ident  to  the 
telescope,  though  not  to  the  eye.  It  is  easy  to 
see  that  if  this  decrease  of  angular  intei-vals  goes 
on,  the  mirage  will  somewhere  stop.  It  is  found 
in  practice  to  do  so  at  distances  of  about  300 
yards — but  this  is  nearly  the  smallest  which  has 
yet  been  noticed.  To  see  it  at  shorter  distances 
the  eye  must  be  lowered  nearly  to  the  level  of 
the  water.  This  last  observation  is  very  impor- 
tant— the  higher  the  eye  rises  above  the  level 
the  mirage  becomes  the  less  sensible.  Thus,  a 
distance  of  from  7  to  8  feet,  is  about  as  high  as 
one  can  generally  see  the  phenomena  -well  under 
— while  for  lower  elevations  it  becomes  more 
distinct.  Busch  has  seen  it  over  water  for  about 
8  yards'  height.  M.  Bi'avais  has  made  accurate 
measurements  of  this  phenomenon  also.  He 
found  the  angular  intervals  for  the  heights  1'57, 
3-03,  and  13  metres  (40  inches  a  metre  nearly) 
to  be  6'"1,  5'"8,  and  2''7  respectively  for  a  mirage 
at  the  distance  of  about  5  miles.  For  about  25 
miles'  distance,  the  elevations  being  1-9,  '16'2 
metres,  the  angular  intervals  were  7''0,  and  2-0. 
Probably,  therefore,  from  observation  there  is  a 
point  of  a  maximum  for  ordinarj'  distances  and 
variations  o^  temperature — a  maximum  which 
the  simple  geometrical  considerations  will  show 
to  vary  with  all  the  circumstances  of  the  pheno- 
menon, but  which  may  bo  stated,  generally,  as 
that  for  heights  from  to  2  yards,  the  pheno- 
menon will  be  best  seen.— There  is  also  to  bo 
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noted,  the  difference  of  magnitudes  of  the  direct 
and  reversed  image.    This,  as  we  have  already 
seen  from  the  advancing  ship ,  is  a  fact ;  for 
bodies  at  different  distances  and  having  different 
amplitudes,  will  necessarily  vary.    For  distances 
of  5  miles,  for  instance,  if  the  body  seen  by 
mirage  occupy  naturally  an  angular  space  of 
12',  since  the  space  between  the  horizon  and  the 
line  of  separation  is  only  6',  the  lower  image 
will  represent  only  about  one-half  of  the  upper. 
This  assumes  what  is  true,  that  the  lower  image 
is  very  nearly  the  same  as  what  would  be  pro- 
duced by  reflection  with  the  under  part  cut  off. 
— It  is  extremely  difficult  to  give  anything  like 
an  idea  of  the  mathematical  theory  of  the  mirage. 
In  a  general  way  it  will  be  evident  that  the  curve 
which  the  different  rays  in  fig.  1  form  in  their 
passage  tlirough  the  atmospheric  laj'crs  must  be 
determined.    But  there  are  an  infinite  number  of 
them.    If  one  limit  curve  whicli  will  just  enclose 
them  can  be  found,  we  may  best  confine  our 
attention  to  it.    Upon  what  then  does  its  fomi 
depend?     Clearly  upon  the  character  of  the 
atmospheric  disarrangements  which  induce  de- 
flection from  the  straight  line.     But  these  it 
is  extremely  difficult  to  approach  by  experi- 
ments.   Besides,  if  we  cannot  express  in  mathe- 
matical foi-m  some  law  of  variation  clearly,  we 
should  have  long  tentative  processes  after  all. 
Mathematicians  have,  therefore,  sought  for  some 
formula,  which  being  used  as  the  law  of  varia- 
tion, the  trajectories  or  paths  of  rays  would  take 
such  directions  as  in  nature  they  do  take.  Two 
laws  were  stated  at  first — one  that  the  densities 
varied  in  some  arithmetical  progression — the  other 
according  to  some  simple  exponential  form,  a 
third  law  assuming  a  mixture  of  these  two. 
Many  phenomena  of  the  mirage  show  the  former 
to  be  untrue.    It  is  easy  to  see  how — for,  given 
the  law,  if  our  processes  of  mathematical  calcu- 
lus be  sufficiently  powerful,  we  can  determine 
what  must  be  the  path.    M.  Bravais  considers 
the  best  expression  for  the  density  to  be  this : — 
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Where  k,  h,  are  constants,  S  is  the  density,  z  the 
height  above  the  level,  and  f*.  an  indeterminate 
quantity.  The  differential  equation  for  the  curve 
is — 

<^  dz 
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Which  when  m  is  small  may  be  witten — 
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and  which  according  to  the  law  for  J,  written 
above  becomes 
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It  is  useless  to  enter  more  muiutely  into  a  ma- 
thematical theory,  which  itself  is  confessedly 
tentative, — in  which  the  fundamental  law  is 
hypothetical, — and  which  only  auns  as  j'et  at 
binding  together  the  actual  phenomena.  It  is  too 
probable,  besides,  that  the  results  of  practice 
must  always  considerably  disagree  with  any, 
even  true,  mathematical  theory  of  the  subject 
We  may  note  that  the  value  1,  for  the  mdeter- 
minate  ^  is  found  sufficient  for  the  chief  charac- 
teristic phenomena,  but  not  for  all ;  and  that  it 
has  been  hitherto  found  difficult  to  determine  a 
value  of  fi,  to  which  a  clear  preference  could  be 
given  over  that.  It  is  only  needful  to  say,  that 
a  quite  similar  mathematical  theory  directly 
applies  to  the  images  which  appear  to  be  the 
direct  object  —  the  upper  image.  There  are 
certain  additional  and  collateral  phenomena  of 
the  Mirage  which  space  requires  us  to  give  very 
briefly.  Sometimes  we  see  above  the  object  a 
reversed  image,  and  above  that  again  a  second 
erect  image;  sometimes,  of  these  two  upper 
images,  only  the  inverse  one  is  seen,  sometimes 
only  the  direct  one — the  other,  in  either  case, 
having  disappeared.  The  first  phenomenon  is 
that  observed  by  Vince,  which  has  obtained 
greatest  attention,  and  of  which  the  completest 
explanation  is  possible.  The  explanation,  in 
brief,  is  that  the  atmospheric  condition  is  some- 
thing in  close  analogy  to  the  characteristic  con- 
ditions of  the  beautiful  experiments  of  WoUaston, 
to  which  fig.  1  refers.  In  fact,  e^ndently  then 
we  have  the  first  image  of  the  object — the  one 
immediately  above,  reversed;  and  the  one  yet 
higher,  direct.  Wollaston  thinks  that  in  "the 
actual  case  of  the  atmosphere  the  logarithmic 
curve,  as  n  n' m' m,  ydW  nearly  represent  the 
densities  which  the  explanation  requires.  A  full 
account  of  similar  phenomena,  with  many  in- 
stances, will  be  found  in  Scoresby's  Journal  of  a 
Greenland  Voyage;  with  illustrations,  in  plates 
2,  3,  4.  Vince  noticed  that  the  upper  image 
disappeared  when  the  ship,  for  example,  ap- 
proached within  a  certain  dktance.  In  general 
the  explanation  of  the  disappearance  is  due  to 
the  curvature  of  the  earth.  In  fact,  it  does  not 
disappear  completely  in  general,  but  becomes 
smaller  and  smaller. — The  Mirage  may  also  be 
produced  between  two  layers  of  air,  separated  by 
a  vertical  plain ; — a  large  wall,  for  instance,  with 
a  southern  exposure,  when  heated  by  the  sun. 
It  had  been  seen  by  AVollaston,  in  his  experiments, 
that  a  Mirage  could  be  produced  with  even  more 
facility  on  a  vertical  than  on  a  horizontal  sur- 
face. Tlie  result  he  attributed  to  the  disappear- 
ance of  curv  ature,  which  rapidly,  in  the  other 
case,  equalized  the  temperature  "of  the  adjacent 
layers.    But  along  the  wall,  the  air — if  in  any 
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n  ay  of  different  temperature  from  the  smTound- 
.;ig  airs — slips  up,  and  the  eflect  rapidly  fails. 
.To  see  it,  it  is  necessarj'  as  before  to  place  the 
.  eye  nearly  in  the  plane  of  the  wall,  and  look 
j.aloug  it  at  objects  approaching  or  going  a.way. 
VWrede's  account  in  Gilbert's  Annalen,  xi.,  421, 
of  this  phenomenon,  is  the  fullest.    As  here 
•Jthere  is  not  the  interrupting  sensible  horizon, 
rlthere  is  not  the  cutting  oflF  of  the  image  which 
l-holds  in  the  ordinary  case.    Sometimes  several 
iimages,  all  of  them  reverse,  appear  above  the 
'object.    A  description  of  such  appearances  will 
;.be  foimd  in  Scoresby's  Journal,  p.  168 ;  and 
their  general  theory,  which  is  evidently  a  mere 
:anodification  of  the  theory  of  Mirages  above 
.-given,  will  be  found  in  Biot's  great  work  on  the 
>Mirage.    One  account  of  a  combination  of  the 
itwo  kinds  of  Mirages  we  transcribe  from  Bravais: 
—"It  was  in  April,  1839,  in  latitude  69°  57'. 
PDuring  the  observation,  my  eye  was  about 
,wenty-eight  inches  above  the  sea  level.    In  the 
r^3vening,  I  saw  all  round  me  the  ordinary  Mirage. 
SSraduaUy  the  sun  became  veiled,  as  we  went  on, 
:!then  completely  disappeared  behind  clouds  ;  but 
11  he  mtensity  of  the  ajipearance  was  little  affected. 
iThe  temperature  was  about  18°  Fahr. ;  the  wind 
Wight  S.E.,  and  the  clouds  drifting  from  N.W. 

•    '    '    .    Before  entering  the  bay  of  Kaa- 
iord,  we  leave  on  the  left  a  little  peninsula, 
(Ivhich  almost  forms  the  bay,  and  which  juts  out 
uto  the  sea,  with  a  uniform  elevation  of  about 
I  yard  and  a-half  above  the  water.  Beyond 
hat,  and  within  the  bay,  a  schooner  was  lying 
at  anchor — the  huU  of  which  rose  out  of  the 
>:vater  about  two  yards.    The  land  lay  so  that 
he  deck  of  the  schooner  would  naturally  have 
)een  quite  hidden  from  us ;  yet  I  saw  from  our 
listance,  not  merely  the  whole  of  the  hull  and 
■ts  line  of  floatation,  but,  besides,  a  little  of  the 
eversed  image,  all  of  them  above  the  little  pen- 
nsula.    Below  the  reversed  image,  I  saw  a 
iriUiant  horizontal  line  of  white,  which  I  do  not 
loubt  was  due  to  the  horizontal  layer  of  snow 
_^^in  the  peninsula.    As  we  approached  the  penin- 
niula,  the  schooner  appeared  to  sink  very  rapidly 
-behind  it,  and  the  hull  became  at  length  quite 
oncealed  from  us,  just  as  it  would  have  been  at 
•ny  distance,  had  it  not  been  for  the  remarkable 
efractions  to  which  the  phenomenon  was  due. 
"he  distance  between  the  schooner  and  the  pen- 
asula  would  be  about  a  mile,  and  about  as  much 
■etween  that  and  our  boat.    The  temperature  of 
he  sea  was  about  32°  Fahr."    Several  facts, 
ot  noticed  here,  have  been  confounded  with  the 
lirage.    Some,  like  the  famous  Spectre  of  the 
irocken,  are  merely  shadows  which  are  carried 
>  great  distances.    Others  are  due  to  the  re- 
ection  of  the  land  on  the  clouds.    We  close,  by 
^calling  in  brief,  for  the  sake  of  observers,  some 
t  Uic  notanda.     1.  The  Mirage  is  near  the 
onzon,  and  especially  visible  over  broad  sheets 
t  water,  sandy  plains,  and  great  level  lines  of 
>aa.    2.  That  almost  always  there  is  an  ad- 
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vantage  in  approaching  the  eye  to  tlie  ground. 
3.  That  the  greatest  attention  ought  to  be  paid 
to  the  images  of  the  oblique  lines.  4.  That 
many  phenomena  of  the  Mirage  which  will  escape 
or  be  indistinct  to  the  naked  eye,  fully  appear 
to  the  telescope.  5.  That  it  is  always  of  im- 
portance to  know  as  well  as  possible  the  atmo- 
spheric conditions  of  temperature  on  which  the 
Mirage  depends.  It  is  useful  to  rotate  roimd  a 
vertical  axis,  any  little  ball  attached  to  oiu-  ther- 
mometer at  the  pomts  for  which  we  wish  to  tests 
before  testing.  6.  Wherever  it  is  possible, 
quantitative  measurement  should  be  resorted  to. 
Thus,  the  depression  of  the  horizon — the  angular 
interval  between  that  and  the  line  of  separation, 

for  a  given  height  of  the  telescope  and  the  eye  

should  be  determined  by  the  theodolite.  A  mi- 
nute record  of  such  experiences  will  supply  the 
elements  which  the  foregoing  exposition  shows 
to  be  as  yet  indispensable  to  all  mere  definite 
theory  upon  the  subject  of  the  Mirage.  The 
whole  subject  is  admfrably  treated  in  M.  Bra- 
vais' article  on  the  Mirage,  in  the  Annuaire 
Meteoroloffique,  for  1852,  to  which  we  here  ex- 
press our  own  obligations. 

Mirroi-s.  Mirrors  are  bodies  which  reflect 
light  falling  upon  theii-  surfaces.  All  bodies  are, 
so  far,  possessed  of  thia  property.  In  some,  how- 
ever, the  proportion  of  the  reflected  rays  to  the 
absorbed  or  transmitted  rays  is  very  small. — 
The  chief  optical  use  of  mirrors  is  to  enable  us  to 
change  the  apparent  direction  of  such  objects  as 
a  tree,  a  building,  from  us,  &c.;  and  for  such 
uses  mirrors  must  be  chosen  possessed  of  the 
highest  reflecting  power,  i.e.,  throwing  back  a 
very  large  proportion  of  the  incident  light. 
Some  substances  are  more  and  some  less  power- 
ful in  this  property  of  reflection.  Almost  all 
the  metals  have  it  to  some  extent.  Silver  re- 
flects more  powerftilly  than  any  of  them.  Mer- 
cury and  gold  reflect  also  very  powerfully.  It 
is  needless  to  say  that  the  ordinary  house  mirrors 
are  almost  uniformly  made  of  glass,  with  a  layer 
of  quicksilver  at  the  back.  The  specula,  or 
mirrors  of  optical  instnmients,  again,  are  gene- 
rally made  of  some  metallic  substance :  a  peculiar 
alloy,  called  speculum  metal,  is  frequently  em- 
ployed for  this  purpose. — Supposing,  however, 
that  our  mirrors  perfectly  reflect  the  ra3's  of 
light  which  fall  upon  them,  we  now  undertake  to 
point  out  their  effects,  in  altering  the  apparent 
directions  of  bodies,  and  also  their  effects,  if  any, 

in  altering  the  apparent  magnitude  We  shall 

take  only  a  few  cases,  to  avoid  too  much  mathe- 
matical detail.  The  subject  will  be  again  discussed 
in  considering  various  optical  instruments ;  and 
tiie  princi[)les  on  which  it  rests  are  fully  detailed 
in  CATorTEics. — There  are  three  kinds  of  mirrors 
commonly  employed.  These  are  the  jjlano 
mirror,  the  spherical  concave  mirror,  and  the 
spherical  convex  mirror.  The  latter  two  are  of 
the  same  form,  but  are  turned  so  as  to  catch  the 
light  either  on  their  hollow  or  then-  rounded 
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surfaces.  This  difference  of  position  occasions 
so  decided  a  difference  in  properties,  that  it  is 
found  needful  to  treat  the  two  separately.  First, 

then,  of  the  plane  mirror  It  has  been  already 

shoAvn  (Catoptkics),  that  ra3's  emerging  from 
any  point,  and  falling  upon  a  plane  mirror,  will 
be  r^ected  to  the  eye  as  if  tliey  had  come  from 
a  point  on  the  other  side  of  the  min-or,  situate  in 
the  perpendicular  upon  it  from  the  given  point, 
and  at  a  distance  from  the  plane  equal  to  that  of 
tlie  pouit.  Imagine  any  object  placed  before  a 
mirror  reflecting  according  to  this  law.  Each 
point  of  the  object  will  appear  beliind  the  mirror, 
at  an  apparent  distance  from  it,  exactly  equal  to 
its  real  distance  from  the  mirror;  and  the  various 
points  will  appear,  as  the  continuations  of  lines 
parallel  to  one  another.  It  is  sufficiently  clear 
tliat  the  image  of  the  body  seen  in  the  mirror  will 
be  exactly  lilce  the  body  itself,  and  will  appear 
lit  an  equal  distance  from  the  mirror  but  behind 
it.  This  is  the  Cvief  proposition  of  the  theory 
of  plane  miiTors.  It  is  an  interesting  deduc- 
tion from  this,  that  it  is  possible  for  an  eye 
situate  exactly  at  the  surface  of  a  plane  parallel 
to  a  mirror,  at  a  particular  spot  in  that  plane,  to 
see  an  object  whose  surface  is  that  plane,  and 
whose  linear  dimensions  are  all  twice  those  of 
the  mii'ror  itself.    Suppose  a  straight  line,  a  b. 


Fig.  1. 

reflected  in  mirror  c  d,  one-half  of  its  size,  and 
having  a  plane  parallel  to  it.  It  will  appear  as 
K  F  equal  to  A  b,  and  parallel  to  c  D  because 
A  B  is  so.  Let  ED,  F  c  be  joined  and  pro- 
duced to  meet.  Draw  g  i  h  perpendicular  to 
c  D  and  E  F  (g  not  being  supposed  to  be  in 
A  b).  Tlien  smce  d  c  is  half  of  e  p,  g  i  is 
also  half  of  g  h,  and  tlierefore  equal  to  i  h. 
Hence  g  must  be  a  point  in  a  b,  seeing  that  i 
is  a  point  in  the  image  determined  by  the  equality 
of  I  11  to  a  line  in  its  continuation  terminating 
in  the  object  a  b.  The  rays  coming  from  the 
apparent  luminous  body  e  f,  wliich  is  the  whole 
image  of  the  real  object,  will  therefore  really 
come  to  g  from  tiie  min-or,  since  k  g  and  g  f 
do  not  pass  above  or  below  it.  An  eye  at  g 
will  therefore  see  the  whole  image.— The  same 
proof  will  hold  for  any  other  line  in  a  plane 
j.arallel  to  that  of  tlie  mirror,  because  every  such 
line  is,  what  we  have  assumed  the  line  b  a  to 
be,  parallel  to  the  plane  of  the  mirror.  Hence 
such  a  plane  mav  be  seen  completely  by  an  eye 
piopcrly  situate 'in  G,  in  a  mirror  aU  wliose 
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linear  dimensions  are  half  those  of  the  object,  and 
whose  superficial  dimensions  are  therefore  four 
times  as  large. — If  an  object  be  reflected  at  two 
plane  mirrors,  there  Avill  be  generally,  in  each 
mirror,  two  distinct  images  of  it,  except  in  i)eculiar 
circumstances.  In  each  there  will  be  the  same 
reflection  which  would  have  been  had  the  other 
not  been  there ;  but  there  will  also  be  another 
image  which  will  be  formed  just  as  if  the  image 
of  the  object  in  the  other  mirror  were  reflected 
in  this.  The  image,  in  fact,  is  a  simple  fiction, 
intended  to  represent  results  in  the  simplest  pos- 
sible way.  The  physical  fact  in  each  case  is 
that  incident  rays  have  their  directions  changed, 
and  are  thrown  back  by  the  mirror.  Now  rays 
lose  no  ordinary  properties  of  reflection  by  being 
once  reflected,  except,  generally  speaking,  in  re- 
gard to  their  intensity.  Hence  the  rays  emergent 
from  an  object,  and  falling  on  one  of  the  mirrors, 
are  reflected  back  to  the  eye  directly,  and  give 
an  impression  of  the  object  as  usual.  Other 
rays  are  not  reflected  back  to  the  eye,  but  thrown 
back  on  the  other  mirror,  whence  they  are  again 
reflected,  appearing  as  if  the  object  were  also 
behind  the  second  mirror.  But  this  second 
mirror  has  also  given  a  direct  image,  and  thrown 
back  rays  to  the  first,  so  as  to  form  an  indirect 
image  on  it,  and  there  are  therefore  two  images 
procured  in  each  case.  Fig.  2  will  serve  to  illus- 
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Fig.  2. 

trate  this,  A  b  being  the  object  whose  images  are 
represented,  and  the  lines  a'b',  a"b",  a'b', 
A  B,  represent  the  positions  of  the  images  suc- 
cessively formed. — If  we  have  more  mirrors,  to  all  I 
of  Avhicli  the  body  is  exposed,  we  will  have  moro 
numerous  images,  similarly  formed.  This,  th 
most  striking,  perhaps,  of  optical  phenomen, 
at  first  sight — tlie  indefinite  multiplicalion  of 
images — may  be  obtained  still  more  simply  h.\ 
an  arrangement  of  two  parallel  miiTors.  An 
"  endless  gallery,"  as  it  is  called,  of  images,  is 
the  immediate  result,  when  an  object  is  placed 
between  them.  The  images,  for  a  short  ap- 
parent distance,  are  represented  in  fig.  S. 
The  body  q,  is  shown  at  q'  by  reflection  front 
B  A.  No  rays,  in  fact,  reach  Q',  but  the  liglit 
from  the  body  is  thrown  back  upon  the  mirror 
D  c.     Now  this  light  apjiears  to  come,  and 
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■iliverges  as  if  it  did  come  from  Q',  and  it  will 
therefore  be  reflected  from  d  o  as  if  coming 
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-Tom  Q".  The  rays,  then,  which  have  not  passed 
)e}'ond  D  c  are  thrown  back  upon  B  A,  and 
vould  give  an  image  at  a  distance  from  it  equal 

0  (i"  G.  The  rays  are  again  tlirown  back  on 
•)  c,  giving  another  image— that  is,  appeai-ing 
■0  come  from  another  place,  and  so  on  for  ever. 
IThe  same  series  of  processes  takes  place  with  the 

1  ays  which  are  first  incident  on  the  other  mirror. 
— This  arrangement  is  called  the  endless  gallers'. 
in  fact  there  will,  however,  be  a  limit.  At 
'.-ivery  reflection  a  portion  of  the  light  is  not  re- 
'  iected  but  absorbed,  besides  a  very  small  portion 
asuall}',  which  is  very  slowly  transmitted.  As 
he  proportion  of  this  is  constantly  the  same,  this 
viU  give  the  terms  of  a  decreasing  geometrical 
leries  (as  f ,  -«  x  f,  |  X  ^  X  f ,  &c.),  f6r  the 
-iroportions  of  the  light  reflected  in  each  case,  to 
:hat  originally  incident.      These  proportions, 
hough  every  time  growing  smaller  and  smaller, 
lever  disappear;  and  hence,  mathematically,  the 

'.mages  never  disappear.  It  is  clear,  neverthe- 
eeas,  that  after  a  few  reflections,  the  images, 
oeing  originated  by  rays  less  and  less  luminous, 
•vill  become  gradually  dimmed,  until  they  are 
inally  imperceptible  by  the  finest  eye. — We  shall 
ust  touch  on  the  subject  of  concave  and  convex 
spherical  mirrors.  We  shall  simply  state  and 
llustrate  one  proposition.  If  an  object  before  a 
spherical  mirror  be  a  spherical  arc,  having  the 
same  centre  as  the  mirror  itself,  the  image  of  the 
ibject  in  that  mirror  wUl  be  a  similar  arc,  if  the 
Tiirror  be  not  very  large  in  the  angle  which  it 
represents  at  the  centre.  Let  q'  q  q"  be  the 
object  (figs.  4,  5,  6),  and  a  a'  be  the  arc  of 
ihe  mirror.  Let  F  be  the  point  of  bisection  of 
any  radius  of  the  mirror,  and  therefore  (Catop- 
riiEics)  the  principal  focus  of  the  mirror  for  rays 
parallel  to  o  f.  Then  the  image  of  any  point 
Q  of  the  object  will  be  obtained  (Catoptrics) 
at  a  point  along  of  produced,  determined  by 
the  expression  f  Q  X  f  !?  =  f  o".  Now,  if  we 
draw  any  radius,  the  point  f  in  it  would  be 
equidistant  from  o,  and  tlierefore  fo  have  the 
same  value  as  for  the  line  o  q  q.  The  new  line 
o  Q  also  (the  part  of  the  radius  intercepted  be- 
tween the  centre  and  the  object)  would  be  of  the 
same  length  as  here,  and  therefore  f  q,  the  dif- 
ference of  o  F  and  o  q  will  be  the  same  for  this 
new  radius.  Hence,  applying  the  cfjuation  f  q 
v<l==  V  o-  to  both  cases,  we  will  have  rq  equal  in 
each,  and  tlierefore  oq.  It  follows  that  the 
iines  drawn  from  o  to  the  various  points  which 
l^orrespond  in  the  imago  to  the  points  of  the  ob- 
ject, will  be  equal,  and  the  image  will  therefore 
-be  an  arc  having  its  centre  at  o,  and  so  concen- 
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trie  with  the  object  and  the  mirror.  In  lig.  4 
the  image  is  magnified  considerablj',  although 
it  is  not  necessarily  much  so  with  this  portion  of 
the  object  and  of  the  mirror.  The  image  is 
always,  evidently,  in  the  ratio  of  g  o  to  Q  o, 
to  the  object  which  it  represents  (since  the  lengths 
of  arcs  which  subtend  the  same  central  angle, 
vary  in  proportion  to  the  length  of  their  radii. 
If  Q'  Q  Q"  be  very  small,  and  therefore  veiy 
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near  the  centre,  pq  becomes  nearly  equal  to 
F  o.  But  F  Q,  F  q,  o  =  F  o,  F  0,  F  must 
therefore  also  be  nearly  equal  to  it ;  but  a  little 
greater,  as  f  q  is  a  little  less  than  f  o,  and  as 
the  lines  fq,  Fg  are  both  measured  oflr  on  the 
same  side,  q  will  be  nearly  as  much  on  the  one 
side,  as  q  on  the  other  side  of  o.  If  oq  be 
more  than  half  the  length  of  o  f,  the  image  will 
be  considerably  magnified.  Thus  let  o  q  = 
I  o  F,  then  F  Q  =  i  o  F,  and  f  q  f  g  =  o  f'-, 
therefore  f  y  =  4  o  f,  and  oq=3oF=4:OQ. 
The  image  would  thus  be  magnified  fonr  times. 
It  is  evident,  however,  that  the  image  in  all 
cases  like  this  would  be  inverted.  Exactly  the 
same  proof  goes  to  show,  that  if  q'  q  q"  were 
an  object,  q'  q  q"  would  be  an  inverted  image 
of  it ;  and  a  diminished  one,  in  the  same  ratio 
as  we  have  just  found  the  image  of  q'  q  q" 
increased.    In  fig.  5  the  image  is  formed  always 
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larger  than  the  object  (fq  being  always  loss 
than  F  A  or  f  o),  and  erect  instead  of  inverted 
The  nearer  the  object  approaches  a,  the  nearer 
will  the  image  do  so  also — (f  g',  f  q  =  v  o''),  and 
the  less  will  be  the  increase  of  magnitude.  If 
Q'  Q  Q"  be  the  object,  the  inverse'  results  will 
obtain.    This  is  exactly  the  case  re[)resentod  in 
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fig.  6,  where  the  mirror  ia  convex,  and  where 


 1 —  

Q 

j 

Fig.  6, 

the  raj's  from  the  object  fall  upon  the  convex 
side  of  the  surface  Tn  this  case,  then,  of  con- 
centric arcs  reflected  in  spherical  min-ors,  we  are 
not  much  at  a  loss  to  discover  the  optical  effects. 
In  the  more  usual  case  of  straight  or  irregularly 
curved  lines,  or  even  lines  circular,  but  not  con- 
centric with  the  mirror,  we  find  somewhat  more 
trouble,  and  the  discussions  of  the  optical  effects 
by  the  old  geometry  would  become  tedious 
and  difficult.  A  contortion  of  the  image  from 
the  original  fonn  would  be  the  evident  result ; 
but  with  a  given  small  central  angle,  the  pro- 
portion F  o,  F  g'  =  F  o"  might  still  be  univer- 
sally applied.  See  Speculum. 

Mist.    See  Fog  and  Dew. 

Mobility.  That  property  of  bodies  by  which 
they  are  capable  of  receiving  movement  from 
impulsion. 

Molecule — Molecular  Theories.  An  in- 
definitely small  particle  of  matter.  Where  the 
matter  is  a  simple  body  the  molecules  are  called 
integrant  or  homogeneous  molecules,  and  where 
they  are  not  so,  constituent  or  heterogeneous. 
It  is  conceived  in  chemistry  that  bodies  can  be 
divided  into  indivisible  atoms,  each  having  a  de- 
finite uniform  weight  and  general  character. 
These  ultimate  particles  are  in  this  country 
almost  always  called  atoTns,  while  those  are  called 
molecules  which  are  constituent  or  aggregated 

into  a  heterogeneous  whole  It  is  very  evident 

that  if  we  knew  the  molecular  constitution  of 
bodies — i.e.,  the  specific  nature  of  these  mole- 
cules, and  the  laws  of  the  forces  that  retain  them 
in  connection,  whether  these  be  forces  of  attrac- 
tion or  repulsion,  we  should  have  the  true  key  to 
•  tell  the  changes  and  sequences  of  the  material 
inii verse.  Various  efforts  have  been  made  to  con- 
struct theories  on  this  ground,  snfliciently  general 
to  enable  the  inquirer  to  avoid  injuriously  restric- 
tive conditions,  and  at  the  same  time  special 
enough  to  afford  a  base  for  important  although 
wide  conclusions.  How  much  may  be  accom- 
plished as  to  specific  subjects  in  tliis  way,  we  have 
already  illustrated  on  referring  to  the  theory  of 
Tcn-estrial  Magnetism  by  the  lamented  Gauss. 
Undoubtedly  the  earliest  satisfactory  adventurer 
into  the  general  field  of  molecular  theories  was  the 
distinguished  Boscovich  (see  appropriate  article) ; 
and  he  has  had  worthy  successors.    Mr.  Grove 
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of  London,  in  our  own  times,  has  most  worthily 
undertaken  the  question  of  the  correlation  of  the 
physical  forces;  but  that  estimable  gentleman 
will  join  with  us  in  especially  signalizing  the 
efforts  of  the  recent  Dr.  Simon  George  Ohm. 
Ohm's  grand  achievements  as  to  the  theory  of 
the  voltaic  circuit  are  now  well  known  and  fullv 
appreciated  in  this  country.  It  is  much  to  be 
regretted  that  no  translation  or  adequate  English 
representation  has  hitherto  appeared  of  his  still 
more  remarkable  work,  Contributicns  to  Mokcu- 
lar  Physics.  In  this  most  novel  and  singular 
volume  he  merely  follows  out  those  views  which 
enabled  him  to  lay  do\ra  laws  that  are  now 
unquestioned,  as  to  certain  large  spheres  of  elec- 
tric action.  He  has  started  the  idea  that  ulti- 
mate molecules  have  both  simple  and  polar 
powers;  and  on  the  ground  of  this  hypothesis — 
one  in  consistency  ivith  every  known  phenomenon 
— he  has  attempted  to  educe  a  complete  sys- 
tem from  which  the  phenomena  of  light,  heat, 
and  electriciiy  necessarily  and  harmoniously  flow- 
forth.  The  acceptance  now  so  worthily  given  to 
the  speculations  of  Mr.  Grove,  will,  we  should 
hope,  induce  some  publisher  to  reproduce  among 
us  the  researches  of  Ohm. 

Moment.  A  technical  term  of  much  impor- 
tance in  Rational  Mechanics ;  its  definition  being 
as  follows: — The  moment  of  a  force  with  respect 
to  a  plane  is  the  product  of  the  force  into  its  dis 
tancefrom  that  plane. — Let  any  number  of  forces, 
r,  p',  r",  &c.,  act  upon  a  solid  body  at  various 
points  of  it;  let  x,  x',  x",  &c. ;  y,  'y',  y",  &c 
z,  z',  z",  &c.,  be  the  co-ordinates  of  these  forces 
also  let  a,  /3,  y,  be  the  angles  made  by  the  di 
rection  of  the  force  p,  with  the  rectangular  axes, 
a,  /3,  y\  the  corresponding  angles  of  the  force 
p',  &c.,  <S:c. ; — then  it  is  known  (see  Statics)  that 
these  forces  will  be  in  equilibrio,  or  that  the  solid 
bodj'  wUl  be  at  rest,  if  the  foliowing  six  equations 
are  satisfied ;  viz., — 

2  P  C'S  a  r=  0 

2  P  COS  /S  0 

2  P  COS  y  =z  0 
2  P  (y  COS  «5  —  X  COS  /5)  =  0 
2  P  (x  COS  y  —  Z  COS  a)  =  o 
2  P  (y  COS  y  —  Z  COS  /3)  =  0 

The  first  three  of  these  equations,  intimate  that 
the  sums  of  the  components  of  the  forces  along 
each  of  the  three  axes,  must  be  o,  or  that  these 
three  sets  of  components  must  be  in  equilibrio 
The  second  three  equations  intimate,  on  the  other 
hand,  that  the  sums  of  the  moments  of  the  force.**, 
witli  regard  to  each  of  the  rectangular  planes, 
must  also  be  o.  The  true  theory  of  the  subject 
of  Jloments  can  scarcely  be  said  to  liavc  beer 
understood  previous  to  the  writings  of  Poinsot, 
by  whose  happy  introduction  of  the  notion  oi 
Couples  (17.  r.)  all  doubtful  speculation  has  bepi 
removed  from  this  branch  of  Kational  IMochanics 
A  body  can  move  only  in  two  ways ;  it  may  hav 
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1  motion  of  translatinn,  or  a  motion  of  rotation. 
-\ow,  according  to  Poinsot's  simple  interpreta- 
i  tion,  the  first  three  of  the  foregoing  equations, 
i  indicate  that  there  is  no  motion  of  translation; 
while  the  second  three  indicate,  as  clearly  and 
definitely,  that  there  is  no  motion  of  rotation. 
The  term  moment  is  still  preserved ;  but  the  old 
theory  has  quite  given  place  to  the  doctrme  of 
.  Couples. 

Moment  of  Inertia.  A  term  first  employed 
by  Euler.  It  signifies  the  sum  of  the  products  of 
each  molecule  of  a  rotating  mass  by  the  square  of 
ats  distance  from  the  axis  of  rotation,  or 
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IThis  function  is  a  very  important  one ;  it  indi- 
cates the  exact  energij  of  rotation  in  the  rotating 
body.  See  Machines.  Euler  proceeded  to  de- 
termine those  axes  of  rotation,  in  rotating  bodies 
-elative  to  which,  the  Moment  of  Inertia  must  be 
.  I  maximum  or  a  minimum ;  and  he  hence  deduced 
iiis  remarkable  theorems  regarding  the  principal 
axes.   See  Axes  Principal. 

Moinentiiiu.    A  term  employed  m  various 
oenses  m  natural  Philosophy,  though  chiefly 
:^:s  equivalent  to  quantity  of  motion.     It  is 
ound  that  the  same  efiect  is  produced  when  a 
-lass  of,  suppose  one  hundred  pounds,  strikes  a 

■  ody  with  a  velocity  of  one  foot  per  second,  and 
yhen  a  mass  of  fifty  pounds  strikes  with  a 
.elocity  of  two  feet  per  second.    Thus  if  we 

'nrike  a  ballistic  pendulum  with  either  of  the 

>.vo  balls,  we  shaU  have  equal  amounts  of 
■icUlation  resulting.  The  momentum  then  is 
le  product  of  the  mass  by  the  velocity,  or  some- 
img  which  bears  a  constant  relation  to  that 
■•oduct.  It  is  usual  simply  to  define  momentum 
1  the  product  of  the  mass  by  the  velocity.  Thus 
~  body  M  moving  with  a  velocity  v  has  a  mo- 
mentum =  M  v.  The  peculiar  use  of  the  term, 
id  of  the  notion  which  it  contains,  arises  from' 
efact  that  in  all  mechanical  effects  produced 
'  matter  in  motion,  a  loss  of  mass  is  compen- 

:i:ed  by  an  increase  of  velocity  m  the  same 
^portion.    See  Via  Viva. 

'iITlonoceros,  or  the  Unicom.  One  of  Hevelius' 
nstellations.  It  is  surrounded  by  Hydra,  Canis 
■ajor,  Orion,  and  Canis  Minor.  Its  largest  star 
between  tlie  fourth  and  fifth  magnitudes. 
'iUonocuIar  Tclcxcopc.  One  having  a 
?!e  eye-piece,  and  so  serving  only  for  one  eye  at 

'Soiisoon.    See  Wixds. 
'Month.    The  solar  month  is  the  time  that 
'  sun  takes  to  go  over  a  space  of  30°,  or  to 
JS  through  one  of  the  signs  of  the  zodiac, 
e  lunar  month— the  month  proper,  is  the  time 

■  it  the  moon  takes  to  traverse  the  whole  of  tlie 
liac.  This  is  a  lunation. 
'loon,  Tlie.  Every  important  detail  regard- 
•  the  motions  of  the  earth's  satellite  being  given 
ier  Lunar  Theory,  Node.s,  Orbit,  and 
WPSEs,  It  now  falls  to  us  to  discuss  that  most, 
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mteresting  perhaps  of  all  cosmical  subjects— the 
physical  constitution  of  our  nocturnal  luminarv. 
The  subject  is  as  wide  as  it  is  interesting ;  and,' 
after  a  few  preliminary  remarks,  we  shall  divide 
It  into  several  heads — The  general  facts  regard- 
ing the  moon  in  relation  to  the  earth  and  m  com- 
parison with  it,  are  stated  under  Element.' ; 
nevertheless  it  may  conduce  to  distinctness  if  we 
repeat  the  statements  here.    The  mean  distance 
of  the  moon  from  the  earth  is  59-96435  terres- 
trial radii,  or  about  240,000  miles— a  long  dis- 
tance assuredly,  but  how  small  compared  with 
the  interval  which  separates  us  from  any  other 
globe!    And  this  distance  can  be  so  largely 
diminished  by  the  power  of  the  telescope,  that  it 
ought  not  to  appear  wonderful  that  we  know 
the  entire  selenography  of  the  side  of  the  moon 
turned  towards  us,  better  than  we  do  the  geogra- 
phy of  any  one  hemisphere  of  our  own  globe. 
The  diameter  of  our  satellite  is  onlv  2,153  miles, 
that  of  the  earth  being  7,926,  so  that  the  hemi- 
sphere we  see  is  equivalent  in  size  only  to  « 
fourteenth  part  of  one  of  our  terrestrial  hemi- 
spheres.   The  surface  visible  is  not  more  than 
twice  the  size  of  Europe ;  nevertheless,  upon  that 
limited  surface  there  are  indications  of  the  action 
of  vast  cosmical  forces  within  a  comparatively 
small  globe,  the  study  of  which  may,  if  rightly 
conducted,  go  far  to  guide  and  correct  us  in  our 
inquiries  respecting  the  progress  of  our  own 
world.    The  density  of  the  moon  is  little  more 
than  half  that  of  the  earth,  so  that,  taking  the 
mass  of  the  earth  as  unity,  that  of  the  moon  is 
only  0-011399  :  gravity  at  its  surface  is  not  more 
than  one-sixth  of  our  terrestrial  gravity ;  there- 
fore if  internal  explosion  or  upheaving  forces  exist 
there  and  are  independent  of  the  size  of  the 
globe,  we  should  expect  to  find  disruptions  on 
its  surface  much  exceeding  in  comparative  mag- 
nitude anythmg  that  is  manifested  even  in  the 
most  rugged  of  our  own  regions.    Lastly,  and  to 
conclude  these  preliminary  remarks,  the  moon 
tums  towards  us  always  the  same  face.    This  is 
equivalent  to  the  fact  of  her  rotation  in  space 
around  an  axis,  in  the  same  time  that  she  per- 
forms her  monthly  revolution.    Disputes  have 
ansen  whether  the  term  rotation  ought  to  be  ap- 
plied to  a  phenomenon  like  this.  They  are  merolv 
verbal  ones.    But  as  we  shall  speedily  see,  the 
phenomenon  itself  has  most  important  physical  ' 
consequences.— These  facts  premised,  we  proceed 
to  a  closer  inspection  of  the  character,  habitudes, 
and  probable  history  of  our  satellite. 

I.  The  Moon's  Fiouur  and  its  Physical 
Consequences.— LUie  all  thecelestial  bodies,  the 
shape  of  the  moon,  speaking  roughly,  is  spherical ; 
but  we  cannot  assume  this  to  be  absolutely  correct 
without  fuller  inquiry.  It  follows  theoretically 
from  the  consideration  of  moments  of  inertia  ap- 
plied to  the  peculiar  circumstances  distinguishing 
the  moon's  motion  of  rotation,  that  this  orb  must 
either  be  an  ellipsoid  whose  greatest  axis  is 
neariy  parallel  to  the  radius  ^■ector,  or  that  its 
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interior  is  heterogeneous,  and  that  its  centre  of 
gra\  ity  does  not  coincide  with  its  centre  of  figure. 
The  first  hypothesis  is  negatived  by  observa- 
tion, so  that  we  are  forced  upon  tlie  second ;  and 
the  question  becomes — Can  we  detect  the  rela- 
tions of  position  of  these  two  points,  and  the 
length  of  the  interval  that  separates  them  ? — a 
problem  apparently  hopeless,  yet  now  fully  re- 
solved, through  study  of  the  lunar  inequalities. 
Professor  Hansen  has  recently  established  tiie 
following  remarkable  propositions : — 1.  If  the 
centre  of  gravity  of  the  moon  and  the  centre  of  its 
figure  do  not  coincide,  then  must  all  the  co-efficients 
of  tlie,  inequalities  in  mean  longitude  be  multiplied 
by  a  constant  factor,  which  is  a  function  of  the  dis- 
tance between  these  two  centres  projected  upon  the 
radius  vector.  And  2.  If  the  centre  of  the  moon 
be  farther  removed  from  us  than  the  centre  of 
gravity,  then  is  this  factor  less  than  unity ;  but 
■if  on  the  contrary,  the  former  be  nearer  to  us 
than  the  latter,  the  factor  will  be  greater  than 
unity.  Now,  on  comparing  the  theoretical  eval- 
uations of  the  lunar  inequalities  with  these 
inequalities  as  observed,  a  slight  discrepancy 
appears ;  and  the  Greenwich  observations  from 
1750  to  1830,  discuRsed  by  Mr.  Airy,  decisively 
show  that  theorj'  and  observation  will  not  exactly 
coincide  unless  all  the  principal  co-efficients  of 
these  perturbations  be  increased,  or  multiplied  by 
a  certain  number  greater  than  unity.  Hence  the 
immediate  inference,  that  the  centre  of  the  moon's 
figure  is  nearer  us  than  its  centre  of  gravity — a 
result  in  itself  of  the  last  importance.  But  it  is 
further  clear  that  the  amount  by  which  these  co- 
efficients require  to  be  increased,  or  the  magnitude 
of  the  constant  multiplier  which  shall  suffice  to 
reconcile  the  obsei-ved  with  the  theoretical  pertur- 
bations, must  also  indicate  the  exact  distance  be- 
tween these  two  centres.  The  constant  factor  de- 
duced by  Hansen  is 

1-0001544, 

fi-om  which  it  follows  that  the  interval  between 
the  two  centres  is 

176909  feet, 

or  upwards  of  33^  English  miles  Let  us  dwell 
for  a  moment  on  the  momentous  consequences  of 
Ibis  singular  result.  Supposing  the  moon  spheri- 
cal, which  that  orb  is  very  nearly,  its  peculiar 
condition  will  be  understood  by  aid  of  the  sub- 
joined diagram.    If  the  strongly  marked  circle 
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represent  the  lunar  ojb,  c  will  be  its  centre  of 
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figure ;  but,  at  an  interval  from  it,  behind  the  line 
leading  towards  the  earth,  is  another  centre 
distant  from  the  former  upwards  of  33^  miles. 
Now  this  last  centre  c/  is  that  one  towards  whicli 
heavy  bodies  on  the  lunar  surface  will  fall ;  it  ia. 
the  point  around  which,  therefore,  all  free  gra%'i- 
tating  masses,  such  as  an  atmosphere  or  ocean, 
pro^^ded  there  are  any  such,  would  endeavour 
to  arrange  themselves ;  it  is  the  point,  likewise, 
around  which  the  moon  must  rotate,  and  which 
alone  must  be  taken  into  account  in  problems 
regarding  the  motions  of  that  body  in  its  orbit 
The  physical  meaning  of  the  separation  of 
the  two  centres  is  simply  this — the  hemisphere 
towards  the  earth  is  lighter  than  the  hemisphere 
turned  away  from  us.    May  this  inequality  have 
arisen  from  the  action  of  great  upheaving  causes 
mainly  -within  the  fonner  hemisphere, — and  iS| 
this  indicated  by  the  uptorn  nature  of  the  surface] 
of  the  moon  that  we  see?    Those  disrupting 
forces  acting  partially  and  vAth.  the  energy  witi: 
which,  as  we  shall  soon  find,  they  have  acted,  an 
quite  adequate  to  have  hollowed  out  one  hemi 
sphere  to  an  extent  sufficient  to  account  for  th 
existing  discrepancy.    But — apart  from  specula 
tion — observe  the  necessarj'  consequences  of  tha 
discrepancy  as  to  level,  climate,  and  all  phj'si- 
relations  connected  with  these.    In  the  foregoin 
figure  the  regions  at  m  and  si"  alone,  are  at  thi 
mean  level  as  that  is  determined  by  gi'avity  ;  tin 
regions  at  Ji',  on  the  other  hand,  ai'e  far  above  tha 
level,  while  the  opposite  regions  at  m'"  are  as  fa; 
below  it.    Suppose  then,  that,  on  the  surface 
our  satelUte,  matter  is  developed,  as  it  is  with  u: 
in  the  three  forms  of  solid,  liquid,  and  gaseous, 
is  it  not  plain  that  under  such  circumstances  w 
have  no  chance  of  seeing  either  a  lunar  ocean 
a  lunar  atmosphere?    The  ocean,  for  instand 
would  tend  to  aiTange  itself  along  the  line  of  t\ 
second  circle,  submerging  the  hemisphere  opposi 
to  us,  but  leaving  the  hemisphere  nearest  us  (tl 
only  hemisphere  we  can  ever  see)  utterly  dry, 
free  from  the  presence  of  water  as  the  lofti 
peaks  of  the  Himalaya.  It  is  certainly  not  nece: 
sary  to  predicate  of  tliat  antipodal  hemisphere, 
complete  submergence ;  but  it  may  be  confident 
asserted,  that,  whatever  the  aspects  of  tlie  moi 
as  Ave  discern  it,  oceans  with  all  their  concomi 
tants  may  exist  on  the  opposite  parts  of  its  sii 
face.    Nay  yet  further,  should  the  disjilaceme 
of  the  centre  of  figure  from  the  centre  of  gravi» 
have  taken  place  in  the  manner  indicated  abov' 
we  should  expect  to  find  among  the  lunar  plai 
— those  portions  of  the  visible  hemispliere  whi 
have  been  elevated  only,  not  disrupted— distiii 
marks  of  oceanic  action,  traces  of  the  gradii 
retirement  of  the  ocean  shores.     With  respc 
again  to  the  atmosphere,  the  dotted  circle  may 
supposed  to  rei^resent  its  greatest  palpable  elev 
tion.    Such  an  atmosphere  will  rest,  therefo: 
solely  over  the  hemisphere  concealed  from  us,  a 
Ave  need  marvel  no  more  at  its  apparent  abser 
from  the  sm-face  scanned  by  tlie  telescope,  tin 
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at  the  fact  thnt  no  tnu-e  of  air  could  be  found  on 
the  summit  of  a  mountain  raised  120  miles  above 
the  mean  level  of  tlie  surface  of  the  earth.  Thus 
are  we  constrained  to  conceive  of  our  satellite, 
under  two  aspects.  The  face  that  is  turned  from 
the  earth  may  be  varied  even  like  the  regions 
around  us.  Oceans  or  seas  may  cover  portions 
of  its  surface,  refreshing  breezes  may  fan  it  all, 
and  it  may  be  occupied  by  those  very  forms  of 
animal  and  vegetable  life  which  our  own  experi- 
ence shows  to  befit  tlie  cosmical  relations  of  the 
compartment  of  space  common  to  us  and  to 
the  moon.  On  that  face  of  our  luminary  which 
alone  we  can  see,  it  were  folly  to  expect  traces 
of  anything  so  agreeable.  The  conditions  under 
which  it  exists — as  we  learn  these  from  inexor- 
able science— suggest  the  picture  of  a  surface, 
rocky,  arid,  and  lifeless,  three  and  a-half  times 
nmore  extensive  than  our  own  inhospitable  Sahara. 

 Let  us  proceed  to  examine  minutely  thissingu- 

Mar  region. 

II.  Description- OF  the  Yisible  Hkmi- 
SPHERE  OF   OCR  SATELLITE. — It  is  Scarcely 
I  possible  to  conceive  a  more  remarkable  contrast 
!than  that  between  the  appearance  of  the  moon 
to  the  naked  eye,  and  tlie  forms  she  presents 
Nto  the  telescope,  whether  in  quadrature  or  when 
=!8he  is  full.     Instead  of  a  plain  and  bright 
surface  sending  from  all  its  parts  an  illumi- 
nnation  not  far  from  equable,  we  discern  a  body 
iMof  most  strange  character,  broken  by  iriegulari- 
ities  which  in  extent  and  contour  present  few  ana- 
logies with  the  mountainous  regions  of  om-  own 
L  globe.  The  reality  of  these,  as  well  as  the  singu- 
larity of  their  shapes,  the  briefest  glance  at  the 
crescent  luminary,  even  with  a  small  telescope,  is 
sufficient  to  establish.    The  incomplete  edge  is 
ilahvays  under  the  influence  of  a  morning  or  even- 
ing light;  and  the  phenomena  of  lighted,  peaks 
Jark  valleys  and  long  shadows,  which  occur,  in 
3uch  circumstances,  in  any  broken  district  of  the 
earth,  are  there  distinctly  visible,  but  on  a  scale 
ifar  more  grand.    Analyzing  this  strange  vista 
into  its  separate  parts  by  aid  of  large  telescopes, 
md  noting  their  distribution,  we  discern  in  one 
"region  vast  mountains  throwing  their  long  sha- 
dows upon  a  plain,  and  elsewhere  the  aspect  of 
various  pits  or  caverns,  some  of  which  are  as  deep 
Mont  Blanc  is  high,  often  crowded  together 
srith  the  compactness  of  a  honeycomb.  Indeed 
t  can  require  no  further  detail  to  convince  us 
^hat  we  are  in  presence  of  a  scene  of  intensest 
interest, — one  whereon  that  mighty  cosmical  force 
vhich  is  the  common  cause  of  disruptions  in  all 
he  planets,  has  displayed  its  wonderful  ener- 
;ies,  not  perhaps  in  every  form  and  variety,  but 
vitli  a  proliliciicss  assuring  valuable  aid  to  the 
nquirer  who  may  desire  to  reach  its  hidden  seat, 
ihe  surface  of  the  moon  has  often  been  studied 
<na  depicted  by  good  olj^ervers,  and  several  men 
■t  note  have  constructed  maps  of  our  satellite. 
•VUile  referring  to   tlie  ohler  labourers,  who 
H-ought  with  imperfect  telescopes,  wu  luu^it  dijtin- 
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guish  Shrocter,  whose  enthusiasm  in  this  field  was 
worthy  of  its  importance.  But  it  is  to  Miidler, 
now  of  Dorpat,  that  we  owe  the  first  accurate 
seleno-topography.  This  excellent  and  indus- 
trious observer  has,  in  conjunction  with  M.  Bacr 
of  Berlin,  dra\^•n  a  map  of  the  moon  of  three  ftet 
in  diameter,  of  surprising  accuracy.  Nor  would 
it  be  pardonable  to  omit  reference  to  the  still  un- 
published land'capes  of  Mr.  Nasmyth,  the  singu  - 
lar  beauty  of  whose  pencil  so  fittingly  adorns 
the  energy  and  perseverance  he  is  addressing  to 
the  culture  of  this  attractive  theme.  Waiting  for 
the  vast  accession  to  our  knowledge  which  cannot 
but  accrue  from  the  labours  of  the  Committee  i  f 
the  British  Association  who  have  access  to  the 
gigantic  reflector  of  Parsonstown,  the  writer  of 
the  present  notice  will  make  ample  use  of  the 
researches  of  the  indefatigable  observers  above 
named :  and  he  will  do  so  with  the  less  scruple, 
because,  through  fortunate  circumstances,  the  ob- 
jects about  to  be  described  are  altogether  familiar 
to  himself. 

(1.)  The  Lunar  Plains. — The  diagram  on  the 
opposite  page,  although  of  slight  dimensions,  will 
serve  as  a  sufficient  index  to  the  distribution  of 
forms  on  the  moon's  surface.    It  shows  that  sur- 
face divided  into  two  well  contrasted  portions.  Of 
these,  the  compact  unbroken  and  regular  region 
occupies  not  more  than  one-thu-d  of  the  entire 
disc,  and  it  consists  of  a  number  of  low  flats  or 
plains,  easily  distinguished  by  the  naked  eye  in 
consequence  of  their  comparatively  darker  tints. 
These  plains  are,  for  the  most  part,— at  least  so 
frequently  that  it  may  be  taken  as  a  general  rule 
—bounded  by  the  lofty  sides  of  mountain  for- 
mations, although  they  likewise  often  communicate 
with  each  other  by  narrow  open  nechs.    Of  their 
profile  little  need  be  said.    They  are  not  absolute 
flats,  but  low  grounds  through  which  low  ridges 
frequently  pass,  and  where  isolated  peaks  some- 
times arise,  as  also  craters  wide  and  narrow,  but 
with  a  few  exceptions,  of  no  great  depth.  The 
plains  constitute,  at  the  present  time,  the  undis- 
rupted  part  of  the  moon's  surface.    In  former 
times  they  were  considered  seas.    Certainly  there 
is  no  water  or  liquid  in  them  now;  but  one 
cannot  fail  to  be  struck  with  the  similarity  be- 
tween their  outlines,  and  the  general  aspect  of  our 
terrestrial  system  of  oceans.    They  have  their 
multitudes  of  bays  and  creeks,  their  branchuig 
Mediterraneans,  their  straits  joining  sea  to  sea, 
their  inland  or  isolated  Caspians,  their  ridges  of 
islands,  as  well  as  their  isolated  islands  :  in  shoit, 
every  conceivable  feature  characteristic  of  this 
portion  of  the  surface  of  the  earth.    But  there  is 
another  circumstance  wliose  indications  appear  to 
[)oint  much  farther.    The  regions  we  speak  of 
are  distinguished  by  great  variety  of  colouring; 
and  in  very  many  cases,  especially  in  bays,  the 
contours  of  the  diflerent  shades  of  colour  ruii  paral- 
lel to  the  contours  of  the  coasts.    This  feature  is 
exhibited  in  fig.  1,  plate  III — a  sketch  which 
is  merely  illustrative      What  could  indicate 
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more  forcibly  the  gradual  retircTnent  of  an  Ocean 
and  the  formation  of  successive  shores  ?  Kor  are 
concurrent  phenomena  of  various  descriptions 
wanting  in  the  moon.    Can  these  traces  really 
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point  out  the  process  of  the  retirement  of  the 
waters,  during  the  progress  of  that  immensa 
movement  of  elevation  to  which  the  displacement 
of  the  moon's  centre  of  gravity  is  owing?  If 


Fig.  2. 


60,  they  must  mark  epochs  in  the  history  of  the 
elevating  force,  and  thus  constitute  a  main  fact 
in  aid  of  our  efforts  to  establish  a  selenology.  We 
shall  not  dwell  here  on  mere  hypotheses :  but  the 
fact  that  such  an  hypothesis  may  already  be 
started  without  absurdity  or  presumption,  shows 
the  importance  that  ought  to  be  attached  to  more 
accurate  and  sedulous  investigiticn  of  this  por- 
tion of  the  phenomena  of  our  satellite. 

(2.)  The  Moon's  Mountain  forms. — These  are 
of  three  distinct  and  easily  discriminated  kinds. 
In  the  course  of  our  description,  we  shall  compare 
them  with  whatever  terrestrial  forms  may  appear 
similar  and  cognate. 

a.  The  first  class  of  lunar  mountains,  taking 
them  in  the  order  of  their  simplicity,  consists  of  a 
number  of  perfectly  isolated  peaks  or  sugar-loaf 
mountains  unconnected  with  any  group  or  range 
whatever.  These  mountains  rise  suddenly  in  the 
midst  of  unbroken  flats,  and  at  a  distance  from 
general  disturbances.  Perhaps  the  finest  instance 
is  Pico,  a  very  briUiant  rock,  nbout  half  as  high 
as  the  loftiest'of  our  Alps,  which  towers  almost 
precipitously  north  of  the  crater  Plato.  No  sys- 
tem whatever  is  connected  with  that  solitary 
peak;  it  stands  out  a  single  unaccompanied  protru- 
sion. Very  frequently,  also,  we  find  sucli  peaks 
in  the  centre  of  the  plain  that  forms  the  base  of 
a  crater— in  Tychn,  for  example.  In  our  own 
globe  such  peaks  arc  not  uncommon,  as  in  Can- 
tal  or  Tcneriffe  or  St.  Helena,  sujiposing  the 
.siuTomKling  ocean  removed.  Generally  speaknig, 
these  terrestrial  cones  belong  to  some  large  sphere 
of  disturbance  ;  but  frequently  also  they  are  quite 
isolated.  How  strange  the  energy  that  resulted 
in  such  phenomena !    They  would  seem  to  have 


shot  through  the  plain  in  obedience  to  some  sharp 
limited  internal  force,  as  one  would  push  a  needle 
through  a  sheet  of  paper;  and  the  plain  has  not 
been  much  more  disturbed.  Such  rocks  in  our 
globe  generally  belong  to  the  family  of  the 
Traps. 

b.  Mountain  ranges  or  cJiains  are  by  no  means 
wanting  in  the  moon,  although  they  are  very,'  far 
from  constituting  a  chief  feature  of  the  elevations 
of  that  body ;  their  usual  position  is  that  of  a 
curvilineal  but  broken  skirt  of  the  gi-eater  flats  or 
plains.  For  instance,  the  Appenines  the  Cau- 
casus and  the  Alps,  form,  in  fragments  of  a  ring, 
one  edge  of  the  Mare  Imhrium.  Some  of  the.se 
masses  reach  a  great  elevation,  the  Appenine.s 
rising  from  eighteen  to  twenty  thousand  feet; 
and  there  is  another  ridge  on  the  very  rim  of  the 
moon  which  appears  to  rival  tlie  gigantic  Andes 
or  Himalaya.  Looking  closely  at  these  lunar 
ranges,  and  comparing  them  with  the  mountain 
chains  of  our  own  planet,  we  discover  certain 
minute  features,  alike  of  resemblance  and  con- 
trast, which  it  csiiecially  behoves  us  to  signal- 
ize. First,  a  curious  peculiarity  in  the  fonn 
of  our  chief  terrestrial  mountains  also  distin 
guishes  those  of  our  satellite.  All  important  ridges 
on  either  globe  are  comparatively  steep  on  on 
side,  descending  to  their  base  by  abrupt  preci- 
pices, or  a  succession  of  steep  and  narrow  terraces 
while  they  slope  awny  on  the  other  side  through 
an  extensive  and  gently  declining  higiiland,— .-^ 
configuration  of  which  the  lunar  Appenines  anti 
the  Asiatic  Himalaya  or  even  the  European  Alps/ 
are  illustrations  of  'equ.al  force.  Attempts  have 
been  made  to  exjilain  tlie  phenomenon  by  thi 
agency  of  torrents  of  water  or  floods  or  of  tin 
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/ocean.  Effect  is  here  confounded  with  cause: 
t  the  ocean  washes  the  feet  of  these  mountains  on 
L'our  globe  because  of  their  rapid  descent  on  one 
i-side.    Still  further,  the  abrupt  face  of  the  moun- 
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tain  chains  in  the  moon  is  nniformly  towards  one 
of  its  great  plains.  The  plain,  for  instance,  is 
situated  in  this  fashion, — 


Fig.  3. 


nnever  as  below — 


uKy^ — 


Fig.  4. 


ITTow  like  what  we  have  on  the  earth  !  Suppose 
'Ithe  vast  Pacific  cleared  of  its  waters,  or  that 
tithrough  the  gradual  elevation  or  swelling  out  of 
*n)ne  of  our  hemispheres  the  waters  had  retired 
;  towards  the  opposite  face  of  the  globe — both  Indian 
:and  Southern  oceans  thus  becoming  drj'land — ikal 
■'Avould  be  a  mighty  low  land  or  comparative  Jlat, 
i  broken  only  as  the  lunar  plains  are  broken,  here 
sand  there  by  a  ridge  or  rock,  and  a  group  of 
innountains :  but  observe  its  edr^e.  Skirted  on  the 
oone  side  by  the  precipitous  cliffs  of  the  Andes 
»and  Eocky  Mountains,  on  the  other,  after  some 
bfcreaks,  by  the  stUl  more  precipitous  Himalaya 
•and  the  Paropamisan,  and  then  by  the  fronts  of 
titlie  heights  of  Abyssinia  and  Laputa — in  all  which 
the  slope  is  on  the  opposite  side,  forming,  in  the 
two  chief  instances,  the  continent  of  South 
^America  and  the  long  inclination  of  Siberia. 
There  is  not  mere  analogy  here,  but  an  absolute 
identity  of  phenomena ;  nor  can  it  be  doubted 
that  the  comparative  geographer  will  one  day 
idraw  from  the  study  of  both,  truths  of  high  im- 
port concerning  tlie  orographic  structure  of  either 
world.  The  second  noticeable  feature  is  one  of 
iifferences,  and  although  at  first  sight  it  may 
ieem  of  trifling  consequence,  we  shaU  find,  in 
3ur  next  general  section,  that  it  is,  on  the  con- 
trary, of  very  great  import.  It  is  thi.s :  on 
iiir  planet,  important  ranges  of  mountains  have 
lUvays  systems  with  which  they  are  connected. 
These  systems  consist  of  parallel  ranges  which, 
;enerally  speaking,  are  found  to  have  been  ele- 
vated at  the  same  time  and  by  the  same  effort 
)f  the  upheavmg  force.  Now,  in  the  moon,  tliere 
■s  not  a  trace  of  this  peculiar  disposition.  A  char- 
ictcrutic  like  that  prevailing  on  the  earth,  must, 
will  readily  be  suspected,  be  intimately  cou- 
iwted  with  the  mode  in  which  the  erupting  force 
ia.s,  during  recent  epochs,  usually  acted  hero; 
"id,  indeed,  it  has  been  made  the  ground  of  some 
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of  the  largest  speculations  of  modem  geology. 
The  absence  of  that  characteristic  in  the  moon 
establishes  a  fundamental  difference  in  the  mode 
of  upheaval  peculiar  to  recent  epochs  in  our  satel- 
lite. The  nature  of  that  difference  is  indicated  in 
the  next  general  section  of  our  article.  Tliirdbj, 
The  direction  of  the  few  lunar  ranges  known  to 
us  presents  no  indication  whatever  of  the  agency 
of  a  central  force,  but  rather  the  contrary.  The 
student  must  be  aware  that  the  origin  and  nature 
of  the  upheaving  cause  has  recently  been  often 
referred  to  relations  between  the  crusts  of  the  vari- 
ous planets,  and  what  has  been  imagined  to  be 
their  molten  interiors.  Passing  over  other  diffi- 
culties in  the  way  of  this  theory — difficulties  that 
seem  at  present  insuperable  (see  Precession  and 
Tempekatuek),  it  is  easy  to  see  that  if  a  central 
force  of  any  kind  disrupted  or  cracked  the  crust 
of  a  planet,  the  fissures  thence  arising  would — 
generally  speaking— lie  along  great  circles  of  the 
sphere.  Now,  the  few  lunar  ranges  that  exist 
have  no  connection  whatever,  near  or  remote, 
with  great  circles  of  the  sphere.  On  the  contrary-, 
they  encircle  one  of  the  great  plains ;  just  as  if,  by 
virtue  of  some  force,  whicli  assuredly  could  not  be 
a  central  one,  such  a  circular  surface  as  our  Arctic 
zone  had  been  depressed,  or  the  Arctic  circle 
which  surrounds  it,  elevated.  In  the  case  of  tlie 
earth,  the  chains  of  mountains  are  so  massive  and 
multiplied,  and  of  stretch  so  sui-passing,  that  by 
aid  of  a  degree  of  arrangement,  and  perhaps  not 
over  nicely  scrupulous  an  adjustment,  they  have 
somelimcs  been  constrained  into  unwilling  confor- 
mity with  a  foregone  conclusion  :  but  tlie  corre- 
sponding forms  of  our  satellite  absolutely  resist 
assimilation,  and  thereby  pronounce,  in  language 
not  to  be  mistaken,  their  utter  dynamical  inconi- 
patibihty  with  tlie  id(!a  of  a  Central  Force. 

c.  Lunar  Craters — Tlie  objects  so  named  mnv 
justly  be  termed  the  characteristic  featui-e  of  the 
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Moon's  disturbed  region,  as  they  certainly  are 
its  most  wonderful  and  peculiar  one.  Not  less 
than  three-fifths  of  the  surface  of  our  Satellite  are 
studded  with  vast  caverns,  or  rather  Circular 
Pits,  penetrating  into  its  mass,  and  usually  en- 
girt at  the  top  with  a  wall  of  rock,  which  is 
Sometimes  serrateri  and  crowned  by  peaks.  These 
caverns,  or  craters  as  they  are  termed,  vary  in 
diameter  from  fifty  or  sixty  miles  to  the  small- 
est space  visible— probiibly  500  feet;  and  the 
numbers  greatly  increase  as  the  diameter  dimi- 
nishes. The  ridge  that  environs  the  crater  is 
always  sloping  on  its  external  side,  and  steep  or 
rather  precipitous  within,  although  it  seldom 
descends  at  once  to  the  cavern's  base.  Within  it 
there  are  generallj'  concentric  ridges  assuming 
the  form  of  teiTaces.  The  bottom  of  the  crater 
is  sometimes  convex;  low  ridges  of  mountains 
often  running  through  it ;  while  at  its  centre, 
conical  peaks  frequently  rise,  and  smaller  craters, 
whose  height  however  seldom  reaches  the  base 
of  the  exterior  wall.  These  curious  objects  are 
80  crowded  in  some  parts  of  the  Moon  that  they 
seem  to  have  pressed  on  each  other ;  and  through 
their  mutual  interference  the  most  odd-shaped 
caverns  have  arisen.  It  often  happens,  too,  that 
similar  craters  are  found  on  the  wall ;  and  in 
many  instances  one  can  discern  that  the  wall  has 
been  severely  shaken  by  the  force  that  gave 
rise  to  the  secondary  object.  The  general  char- 
acter of  the  large  portion  of  the  lunar  surface, 
occupied  by  these  craters,  is  well  represented  in 
our  frontispiece,  drawn  from  the  highly  magni- 
fied image  of  a  small  region  of  our  Satellite : 
but,  to  render  the  character  of  these  craters  more 
palpable,  we  shall  describe  one  of  them  in  detail 
— the  crater  Tycho.  Tycho  is  that  brilliant  spot 
near  the  top  of  the  lunar  disc,  in  diagram,  page 
513,  which,  when  the  Moon  is  full,  appears  the 
centre  of  a  system  of  shining  streams  or  rays. 
The  country  around  it  is  singularl}'  disturbed. 
Now,  if,  passing  across  that  rugged  district,  one 
were  gradually  approaching  Tycho,  its  first  aspect 
would  seem  like  an  immense  ridge  of  rocic  in  the 
horizon,  with  a  stretch  of  nearly  fifty  miles,  and 
reflecting  the  solar  rays  with  a  peculiar  lustre. 
On  approaching  the  ridge,  its  character  would 
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change :  we  should  then  discern  it  as  part  of  an 
immen.se  circle,  but  neither  very  lofty  nor  very 
steep.  If  one  ascended  that  slope,  how  appal- 
ling the  scene!  Instead  of  finding  on  the  other 
side  a  slope  in  most  respects  corresponding  with 
that  just  ascended,  we  stand  on  the  edge  of  a 
dizzy  cliff,  passing  down  by  one  unbroken  leap 
for  13,000  feet !  At  the  base  of  the  clifT  several 
low  parallel  terraces  creep  along:  but  a  little 
onwards  the  full  depth  of  the  chasm  appears ;  and 
it  descends  from  the  top  of  the  ridge  no  less  than 
17,000  feet,  or  2,000  feet  more  than  the  summit 
of  Mont  Blanc  rises  above  the  level  of  the  sea. 
It  is  quickly  perceived  that  this  huge  barrier 
encloses  a  vast  circular  area  of  the  Moon's  sur- 
face,— an  area,  fifty-five  miles  in  diameter:  so 
that  if  the  spectator  were  at  the  chasm's  centre, 
lie  would  find  around  him  on  every  side,  at  the 
distance  of  twenty-seven  miles,  a  gigantic  un- 
broken wall — unbroken  by  gap  or  ra^^ne  or  pass 
of  any  descrijjtion — rising  into  the  air  17,000 
feet,  and  forbidding  his  return  to  the  external 
surface!  How  frightful  such  a  seclusion, — a 
chasm  utterly  impassable,  its  walls  bare,  rugged, 
hopeless !  Nor  among  these  countless  pits  may 
Tycho  be  the  most  appalling.  There  appear  to 
be  some  of  nearly  equal  depth,  whose  diameter 
does  not  exceed  3,000  feet;  nay,  towards  the 
polar  regions  of  the  moon,  caverns  probably  exist 
whose  depths  have  never  yet  been  illumined  by 
one  beam  of  the  solar  light. — It  is  very  evident 
how  wrong  it  were  to  confound  formations  so 
extraordinary  with  what  are  usually  named  cra- 
ters on  the  Earth,  or  to  fancy  that  there  is  any 
true  similitude.  The  latter  are  openings  on  the 
tops  of  volcanic  mountains  of  slight  extent,  and 
for  the  most  part  constituted  of  scoriiE  and  other 
loose  erupted  materials ;  a  lunar  crater,  on  the 
other  hand,  being  a  pit  or  circular  cavern  in  the 
body  of  that  orb.  It  is  necessary  when  search- 
ing for  similitudes,  to  look  among  displays  of  the 
erupting  energy,  of  much  greater  extent  and  effect: 
and  we  find  our  best  instances  in  what  are  tenned 
o'aters  of  elevation.  These  exist  in  many  regions 
of  the  globe — for  instance,  in  Auvergne  in  France 
and  they  consist  of  a  circular  mass  of  mountains, 
steep  within,  and  generally  with  a  central  cone  or 
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ppeak.  One  remarkable  instance  is  Barren  Island, 
<«.ketched  by  Von  Buch,  on  the  foregoing  page. 
iAuotlier  is  tlie  curious  island  Santorini,  as  below. 


Fig.  6. 

ODn  a  larger  scale,  too,  the  valley  of  Bnhemia,  the 
Mloutagnes  d'Oisans,  &c.,  present  the  same  class 
^ot'  forms.    It  were  verj'  uni  easonable,  however,  to 
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expect  a  perfect  resemblance ;  for  on  the  Earth, 

the  persistence  of  winds,  ruin,  and  the  agency  of 
the  ocean,  has  more  and  more  destroyed  and 
broken  the  primal  rocks ;  while  in  this  region  of 
the  Moon,  meteorological  action  must  have  ceased 
for  countless  ages.  But  there  is  a  special  char- 
acteristic of  these  lunar  crater-forms  of  intrrest 
and  value  altogether  paramount.  We  Lave 
alluded  already  to  that  system  of  bright  rd\'S 
of  which  Tj'cho  is  the  centre.  These  curious  rays 
are  not  confined  to  Tycho.  Systems  of  the  same 
description  and  of  greater  or  less  complicacy 
are  connected  with  other  craters,  such  as  Co- 
pernicus, Kepler,  and  Aristarchus;  and  similar 
rays  traverse  the  moon  in  many  directions,  al- 
though they  cannot  be  traced  to  any  crater  now 
existing.  But  they  may  be  studied,  with  chief 
reference  to  Tycho.  The  character  of  their  con- 
nection with  that  crater  is  coarsely  shown  in  the 
subjoined  woodcut. 


Fiff.  7. 


nPhey  consist  of  broad  brilliant  bands  (seen  in 
heir  proper  splendour  only  when  the  moon  is 
ull)  issuing  from  all  sides  of  the  crater,  and 
tretching  to  various  distances  from  their  origin, 
—one  of  them  can  be  traced  along  a  reach  of 

.^700  miles.  There  are  several  defining  charac- 
iristics  of  these  bands.    First,  It  is  only  when 

^<he  Moon  is  full  that  we  see  them  in  their  entire 
-leamess.  They  may  be  traced,  although  very 
aintly,  when  the  Moon  is  not  full :  their  splen- 
lour  at  full  Moon  is  very  great.  This  cannot 
vholly  be  attributed  to  the  eflcct  of  direct  in- 
tead  of  oblique  light,  because  at  the  edges  of 

l-he  Moon's  apparent  disc,  on  which  the  solar  ray 

Kails  very  obliquely  at  full  Moon,  their  brilliancy 
'  the  same.  No  rational  explanation  whatever 
las  been  proposed,  regarding  this  remarkable  pe- 
uhanty.  Secondly,  The  light  thrown  towards  us 
'v  the  rays  from  Tycho,  is  of  the  same  kind  as 
liat  reflected  from  the  edge  and  centre  of  the 
rater  itself;  so  that  the  matter  of  which  lliey 
re  composed  had  probably  the  same  origin  as 


those  other  portions  of  Tycho.  Thirdly,  These 
rays  pass  onward  in  thorough  disregard  of  the 
general  contour  of  the  Moon's  surface;  nowhere 
being  turned  from  their  predetermined  course 
by  valley,  crater,  or  mountain  ridge.  Now, 
this  critical  fact  quite  discredits  the  hypothesis 
that  they  are  akin  to  lava,  or  that  "they  are 
merely  superficial.  A  stream  of  lava  spreads 
out  on  meeting  a  valley  or  low-land,  and  forms 
a  lake;  nor  can  it  ever  overpass  a  mountain 
barrier.  Tlie  question  remains  then,  are  these 
rays  composed  of  matter  that  has  been  shot  up 
from  the  interior  of  the  Moon  ?  It  maj-  seem  in- 
credible that  we  can  solve  this  problem  hy  v\\-- 
tually  digging  pits  of  vast  depth  down  through 
those  singular  bands,  and  thus  ascertaining  practi- 
cally that  the  matter  composing  them  certainlv 
descends  to  wju'ds  the  interior  of  our  Satellite  and, 
that  in  all  probability  it  has  been  forced  up  from 
that  interior.  The  telescope,  which  in  this  instance 
is  our  Icibi.urcr,  has  discovered  ninnerous  small 
craters  of  varying  depth  in  the  midst  of  many 
697 
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of  the  rays,  and  it  reveals  the  fact,  that  these 
small  craters,  however  deep,  do  not  penetrate 
through  the  matter  we  are  examining,  inasmuch 
as  there  comes  from  their  bases  alwaj's  the  same 
kbd  of  light  that  characterizes  the  ray.  There 
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is  one  remarkable  case  in  point,  rudely  illustrated 
in  the  subjoined  diagram.  A  large  crater  named 
Saussukb,  and  not  far  from  Tj'cho,  lies  directly 
in  the  line  of  a  ray,  and  of  course  appears  to  in- 
terrupt it ;  but  at  the  bottom  of  Saussure,  nol- 


rnr.8. 


■withstanding  the  great  depth  of  that  crater,  the 
ray  from  Tycho  may  be  traced.  Nay,  there 
is  reason  to  believe  that  in  favourable  circum- 
stances the  same  ray  might  be  seen  rising  up 
the  sides  of  Saussure,  just  as  a  vein  of  trap 
or  of  volcanic  rock  pierces  the  sedimentary 
strata  upon  Earth.  What,  then,  can  we  make 
of  such  phenomena?  Are  not  our  terrestrial 
trap  dykes  or  veins  their  fitting  similitudes? 
Piercing  the  other  rocks,  as  if  shot  up  from 
below,  these  singular  veins  pass  onward  across 
valley  and  over  mountain ;  their  direction  their 
own — independent  for  the  most  part  of  the  rocks 
they  have  cut:  they  appear,  too,  in  systems, 
some  limited  in  magnitude,  and  evidently  radi- 
ating from  a  known  source ;  others  of  vast  extent, 
and  usually  considered  parallel,  but  probably 
owing  their  apparent  parallelism  to  the  fact,  that 
we  trace  them  only  through  a  brief  portion  of 
their  course.  Accejit  this  analogy, — and  none 
other  appears  within  reach, — and  the  rays  or 
bright  lines  of  the  Moon  assume  an  import  quite 
unexpected, — they  become  indices  to  those  suc- 
cessive dislocations  that  constitute  epochs  in  the 
progress  of  our  Scdeliite.  In  the  next  general 
section  of  the  present  article,  we  shall  return  to 
this  subject. — In  the  meantime  another  indication 
furnished  by  the  rays,  demands  notice.  Reflect 
on  the  course,  as  to  continuous  visibility,  of  any 
stream  of  lava  or  any  trap  dyke  upon  tlie  surfncc 
of  the  Earth.  No  lava  current  from  Etna  could 
be  traced  to  any  great  distance  by  a  spectator  in 
tlie  ]\Ioon,  however  powerful  his  telescope ;  and  it 
would  be  the  same  with  regard  to  those  lines  or 
dykes  of  trap,  even  supposing  them  endowed  with 
an  excessive  power  to  reflect  light.  The  reason 
is  that  they  soon  enter  forest  regions,  and  are 
concealed  there,  or  become  overspread  by  grass  or 
other  vegetable  carpetings.  But  not  even  a  lichen 
8taina  the  brightness  of  the  bauds  issuing  from 


Tycho ;  i\\%y  preserve,  not  their  visibility  merely, 
but  one  invariable  brightness  through  their  entbe 
courses.  The  inference  is  but  too  clear ;  and  we 
are  glad  to  find  a  refuge  from  it,  in  the  certainty 
that  arrangements  must  be  difl^erent  on  the  other 
face  of  our  Satellite.  The  existence  of  a  rocky 
desert,  devoid  of  life  or  living  thing,  of  the  extent 
of  even  one  lunar  hemisphere,  is  startling  enough. 
But  it  is  not  from  the  examination  of  separate  or 
isolated  portions, — it  is  through  their  co-ordina- 
tion— tliat  the  harmony  of  the  Universe  appears. 
The  fabric  sun-ounding  us  may  be  perfect  as  a  vast 
whole;  but  until  its  entire  and  ultimate  purposes 
are  understood,  we  cannot  expect  to  apprehend 
the  essential  significance  of  all  its  parts.  Notwith- 
standing her  clear  destination  towards  perfection. 
Nature  may  embrace  within  her  infinite  variety, 
all  possible  forms,  dovra.  even  to  extreme  defects. 
And  she  comprehends  accordingly  the  inhabited 
globe  and  the  drear  comet,  the  umbrageous  hill 
and  the  ftw\ming  rock,  the  Sahara  aud  the  smil- 
ing plain — all  Virtue  and  Vice. 

III.  Speculative  Selenology. — There  are 
other  features  worthy  of  note  among  the  results  of 
the  nphciiving  cause  in  the  ]yioon  — such  esijecially 
as  those  long,  narrow,  and  deep  furrows  or  ditchts 
(called  by  German  selenographers  villen),  which 
are  found  in  dilVerent  parts  of  its  surface;  but 
observation  regarding  their  nature  is  not  yet 
gi-natly  advanced.  And  there  is  one  si>ccial  point 
of  high  imjjort  as  well  as  dilficulty,  that  urgent ly 
demands  prolonged  scrutiny — we  mean  the  whole 
subject  of  lunar  levelliny.  Although  the  heigiits 
of  mountains  and  the  depths  of  caverns  are 
ascertained  with  singular  nicety,  in  relation 
to  some  sjjot  in  their  neighbourhood ;  no  ai>- 
proximation  has  hitherto  been  made  to  the  coia- 
parison  of  the  heights  of  plains  or  plateaux: 
and  we  want  accordingly  one  of  the  most  essen- 
tial of  the  bases  of  a  satisfactory  rational  selcii- 
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olngy.  Nevertheless,  s  )me  few  conclusions  may 
already  be  hazarded,  if,  under  the  express  proviso, 
that  the  truth  that  is  in  them  is  only  of  the  most 
general  nature. — Two  distinct  queistions  seem  to 
press  for  notice. 

(1.)  IVie  Seat  and  Mode  of  Action  of  the 
Lunar  Disturh'mg  Force. — The  results  arrived 
at  on  this  head  are  little  other  than  negative.  It 
is  sufBciently  clear,  as  already  hinted,  that  the 
i'orce  which  has  disrupted  the  surface  of  our 
luminary  is  not  a  central  force  in  the  common 
acceptation  of  that  word.  No  action  or  reaction 
of  a  solid  crust  and  a  central  molten  mass — in 
the  light  in  which  Humboldt  contemplates  that 
theory — could  possibly  have  produced  this  crateii- 
form  surface.  Neither  can  the. force  be  such- 
supposing  it  local — as  produced  our  terrestrial 
mountain  ranges.  The  admirable  researches  of 
Mr.  Hopkins  of  Cambridge,  have  connected  the 
phenomena  of  parallel  chains  and  their  contem- 
f)oraneity,  with  their  most  probable  mode  of  up- 
heaval. It  seems  that  iu  our  globe  some  large 
region — extensive  both  in  length  and  breadth, 
like  the  plateau  of  central  Asia— is  gradually 
pressed  upwards  by  forces  from  below,  until  it 
}  ields  to  the  tension ;  when  parallel  and  some- 
times transverse  refts  occur,  through  which  the 
mountain  masses  are  protruded.  Mr.  Hopkins 
illustrates  what  he  considers  the  facts  of  the  case, 
by  supposing  molten  lakes  of  limited  but  great 
extent,  considerably  below  the  surface  of  the  earth, 
and  that  these — being  further  heated  by  internal 
causes — swell  out  and  upheave  the  superincumbent 
crust.  No  such  action,  as  we  have  said,  can  have 
occurred  in  the  moon,  or  anything  approaching 
to  it ;  for  although  there  are  a  few  instances  of 
mountain  chains,  they  are  wholly  unaccompanied 
by  one  necessary  consequence  of  such  dynamical 
energy,  viz.,  parallel  chains.— There  is  no  mode 
of  action  knowa  on  the  surface  of  our  planet  at 
all  analogous  to  that  of  the  lunar  force,  unless 
^ve  again  refer  to  the  case  of  Craters  of  Ek'M- 
iion.  Now,  whatever  this  force  may  be,  it  is 
not  only  essentially  local,  but  confined  within  a 
very  small  circular  area.  The  student  ought 
especially  to  study  on  this  point  the  classical 
memoirs  of  Elie  de  Beaumont  and  Dufrenov,  on 
the  craters  of  Auvergne — memoirs  elucidating  the 
formation  not  only  of  these  craters  themselves,  but 
cdso  of  the  radial  dislocations  or  rents  with  which 
they  are  necessarily  accompanied.  Other  phe- 
nomena of  our  own  globe  unfalteringly  attest  the 
reality  of  very  limited  disturbances  or  upheavings. 
For  instance,  the  local  earthquake.  Surel>-,  these 
remarkable  and  well  nigh  incessant  oscillations 
Ujat  heave  up  and  down  the  small  Scottish  parish 
of  Conine,  are  no  efflux  of  a  central  heat.  Do 
but  strengthen  tliese  oscillations ;  bestow  on  the 
imprisoned  masses  of  elastic  fluid,  over  which  this 
northern  district  is  uneasily  reposing,  a  sliglit 
further  augmentation  of  thc"ir  natural  tempera- 
ture, and  they  will  thunder  and  heave,  and  be 
repressed  no  more,  bu.— converting  Comrie  into 
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a  crater  or  Laacher  See — escape  and  be  at  rest 
Wo  conclude,  then,  that  if  the  Earth,  in  the  pre- 
sent phase  of  its  development,  presents  in  great  pro- 
fusion the  results  of  an  internal  expansive  energv 
diffused  over  a  considerable  area,  the  Moon  stands 
forth  iu  contrast,  an  eminent  result  of  the  work- 
ings of  the  same  cosmical  disrupting  energy,  but 
with  its  seat  so  limited  in  extent,  that  it  mav 
be  said  to  act  at  mere  points.  How  intense  that 
action  must  have  been !  1'he  rays  issuing  from 
the  craters  are  merely  a  repetition  on  a  mightv 
scale  of  the  radial  rents  of  Auvergne ;  but  how 
mighty  the  scale !  Assuredlv,  we  have  nothing 
on  earth  equivalent  in  degree  to  the  explosive 
force  that  produced  a  Tycho,  and  at  the  same 
time  shattered  the  lunar  crust  over  all  the  space 
covered  by  these  brilliant  lines. 

(2.)  The  History  or  Development  of  the  Lwnar 
Formations. — Considering  the  uncertainty  that 
overhangs  all  speculation  regarding  the  mode  of 
action  and  ultimate  nature  of  the  upheaving  cause 
on  the  Earth,  it  is  no  marvel  that  so  little  that  is 
satisfactory  has  been  ascertained  concerning  this 
remote  and  obscure  question,  when  the  seat  of  its 
Ibrce  is  in  another  planet.  Fortunately  we  touch 
now  on  a  more  manageable  inquirj'.  "  It  cannot 
be  concealed,  that,  up  to  very  recent  years,  every 
problem  connected  with  lunar  cosmogony  has 
been  subjected  to  the  same  ill-considered  and  fan- 
tastic method  of  treatment  which  prevailed  in  the 
infancy  of  geological  science.  Nor  is  it  marvel- 
lous that  an  early  inquirer  should  discern  in  ex- 
isting apparent  confusion,  nothing  beyond  evidence 
of  terrible  convulsion,  or  a  relic  of  the  condition 
of  things  that  has  been  named  chaos.  But  how 
admirably  have  the  labours  of  science,  by  analyz- 
ing the  objects  before  it,  evoked  from  "amid  the 
seemingly  lawless  forms  of  the  Earth,  evidence  of 
a  long  and  solemn  order.  Those  formless  groups 
of  mountains  perplex  us  no  longer— nor  upturned 
strata,  nor  masses  of  contorted  slate  :  nay,  it  has 
become  an  Instinct  with  the  sound  geological  In- 
quirer to  reject  at  once  whatever  speculation  pre- 
sumes to  go  back  to  the  origin  of  things,  or  is 
based  on  the  assumption  of  universal  cata- 
clysms. But  this  grand  achie\ement  was  virtu- 
ally accomplished  only  ^vheu  our  teirestrial  forma- 
tions were  arranged  according  to  the  categorv  of 
Time.  Is  it  possible  to  reach  the  same  end,  in 
relation  to  the  mountain  masses  of  the  moon  ? 
Instead  of  settling  down  with  some  hypothesis 
regarding  the  escape  of  our  satellite  from  tl]is 
said  chaos,  may  we  not  arrange  its  formations  also 
according  to  their  age;  and  tlius  begin,  at  least,  to 
SP>arch  amid  its  confused  multitudes  of  craters,  for 
traces  of  an  order  and  progress  tiiat  unquestion- 
ably exist  ?  It  may  be  asserted  without  presunqi- 
tion  that  this  can  be  acconi])lisIied.  The  special 
method  by  wliich  the  relative  age  of  a  terresti  ial 
mountain  chain  is  ascertained,  is  evidently  not  ap- 
plicable to  the  case  of  the  moon ; — no  possible  teles- 
copic power  shall  ever  ascertain  the  relations  there, 
between  dill'erent  elevations  and  stratified  masses. 
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But  another  principle,  also  of  value  and  extensive, 
use  in  our  globe,  is  clearly  applicable  Tlie  geo- 
logist frequently  requires  to  detemiine  the  relative 
ages  of  two  or  more  contiguous  masses  of  ciystal- 
liiie  rock — say  of  granites ;  in  which  case  the  facts 
and  reasons  relied  on  are  the  following : — For  the 
most  part  such  rocks  are  accompanied  by  veins 
or  arms  emanating  from  their  chief  masses  like 
the  branches  of  a  tree;  and  the  vciiis  of  con- 
ii(juous  masses  oflen  interjere  with  eaqh  other — 


the  one  cutting  the  other  as  above.  ISTow,  it 
cannot  be  doubted  that  the  vein  cut  through,  must 
be  older  than  the  one  which  cuts  it — the  dotted 
vein  than  the  crossed  vein ;  and  we  pronounce, 
therefore,  as  to  the  posteriority  of  the  crossed 
granite.  Giving  to  this  principle  its  widest  sig- 
nificance, it  may  be  termed  the  principle  of  the 
intersection  of  dislocations.  But  such  dislocations 
are  visible  over  all  the  lunar  surface.  Not  the 
rays  from  craters  merel}',  although  these  are 
abundant :  other  rents  appear  in  multitudes, — 
for  instance,  that  great  one  which  passes  nearly 
athwart  the  moon  :  and  these  dislocations  inter- 
fere with  or  intersect  each  other.  Of  what  sort 
of  matter  these  rays  are  composed  is  not  of  con- 
sequence to  this  inquiry.  That  a  fissure  on  the 
earth  has  been  filled  with  trap,  matters  nothing 
as  regards  the  age  of  the  fissure ;  it  might,  in  so 
far  as  that  goes,  have  been  filled  by  an  upburst- 
ing  metal.  Neither  ought  the  comparative  small- 
ness  of  terrestrial  veins,  and  the  impossibility  of 
seeing  them  from  the  moon,  nifcct  the  speculation 
now  proposed ; — if  we  see  the  dislocations,  there 
can  be  no  reason  why  we  may  not  see  their  inter- 
sections. These  intersections  are  visible,  and  in 
multitudes  of  cases  it  is  easy  to  tell,  through  ap- 
])rcciation  of  the  degree  and  colour  of  the  liglit 
of  the  intersecting  rays,  which  set  it  is  that  vni- 
formhj  cuts  through  the  other.  The  observations 
referred  to  demand  large  telescopes,  and  cannot 
be  conducted  with  full  effect  unless  under  a 
deiirer  sky  t  ban  ours ; — one  more  reason  for  lamen  t- 
ing  that  "through  causes  and  influences  not  easily 
understood,  the  British  government,  so  liberal 
generally  in  airl  to  science,  rejected  the  recent 
proposal  to  establish  at  the  C'ajje  of  Good  Hope  a 
reflector  as  large  as  Lord  Kosse's.  Here,  too,  a 
key  may  he  found  to  the  epoclis  of  the  retirement, 
to  the  opposite  hemisphere,  of  the  cis-terrestrial 
lunar  oceans.  The  phenomenon  spoken  of  is  illus- 


liIOV 

tratcd  in  fig.  2,  plate  III.  As  to  positive  rf";ul(.= 
nothing  as  yet  can  be  finally  laid  down.  But  it 
seems  not  improbable  that  Tycho  is  one  of  the 
oldest  of  the  visible  lunar  craters ;  and  that  the 
mountain  chains  have  been  developed  compara- 
tively recently.  It  will,  indeed,  be  strange  should 
it  turn  out  that  the  moon  is  merely  a  younger  orb, 
growing,  in  so  far  as  the  upheaving  cause  is  con- 
cerned, into  a  closer  likeness  to  the  earth.  Long — 
unfathomable  almost,  our  own  geological  history; 
— if  the  moon  represents  a  period  buried  far 
deeper  in  the  past  than  the  epoch  of  the  forma- 
tion of  azoic  rocks,  how  stupendous  the  vista! 
At  all  events,  let  us  search  for  results  by  this 
positive  method,  cease  speculation  about  cata- 
clysms, and  learn  that  with  the  moon  as  with 
the  earth,  or  with  any  physical  histori',  it  is  de- 
lusive vain  and  presumptuous,  to  attempt  to 
penetrate  to  a  beginning. 

lUorgnim  Fain.    See  Fata  Morgana. 

ITIotion,  liaws  of.    See  Laws  of  Motion. 

ITloTing  Force  may  be  defined  to  stand  with 
reference  to  the  momentum  that  it  ultimately 
produces,  just  as  accelerating  force  stands  to  the 
acceleration.  Thus,  two  balls  falling  to  the  earth 
are  subject  to  the  same  accelerating  forces — though 
the  one  be  twice  as  heavy :  but  the  one  will  have 
twice  the  momentum  of  the  other,  and  be  acted 
on  by  twice  the  moving  force.  We  must  consider 
then,  not  only  the  amount  of  motion,  but  the 
quantity  of  matter  in  the  body  moved  in  this 
latter  case.  Hence  the  moving  force  is  equal 
to  the  product  of  the  mass  by  the  accelerat- 
ing force.  The  term,  accelerating  force,  is  ab- 
stracted entirely  from  matter,  and,  in  fact,  no 
corresponding  reality  exists.  Accelerating  force 
is  only  the  quotient  obtained  by  dividing  the 
continually  operating  force  (the  moving  force) 
by  the  mass.  Frequently  however,  it  is  con- 
venient to  speak  of  the  accelerating  force  gener- 
ally, as  entering  among  the  data  of  any  pro- 
blem, independent  of  the  mass  of  matter  treated 
of  Thus  G  =  32-2  is  the  accelerating  force  of 
gravity. 

]flullipl:er — Galranoiiielcr;— Galraiio- 
nietcr  ;— Klicoinclcr.  The  object  of  all  the 
instruments  passing  under  the  forgoing  names  is 
the  same,  viz.,  the  measurcnuMit  of  the  intensity 
of  gal\-anic  currents,  strong  or  feeble.  Their 
])rinciple  is  also  in  common  and  as  follows.  If 
a  conductor  be  placed  above  a  magnetic  needle, 
but  only  near  it  and  parallel  to  its  a.xis  it  makes 
the  needle  deviate  to  the  east  or  to  the  west, 
according  as  the  cuiTcnt  is  moving  from  north  to 
^  south,  or  from  south 

to  north ;  and  if  the 
needle  is  lieloir,  the 
converse  of  the  fore- 
going changes  take 
place.  If  then  the  conductor  traversed  by  the 
current  be  bent  into  a  rectangle  as  above,  and 
the  needle  placed  in  the  centre  of  the  parallelo- 
!;rani,  it  is  evident  that  this  needle  must  be  sub- 
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ject  to  twn,  not  opposing,  Init  concurring  forces, 
and  tiiat  its  deviation,  as  due  to  the  galvarn'c  cur- 
rent, will  be  much  greater  and  therefore  much  more 
easily  discerned  and  detected  than  had  it  been 
influenced  by  one  conductor  placed  either  above 
or  below  it/   Still  further,  if  instead  of  bending 
•lie  conductor  only  once,  as  above,  it  had  been 
lient  into  a  great  number  of  continuous  rect- 
angles or  convolutions,  it  is  clear  that  the  effect 
of  currents  on  the  needle  might  be  made  very 
uTeat,  or  mu/tip/ied  to  a  large  extent.    It  is  to 
M.  Schweigger,  a  German  physicist,  that  we  owe 
;he  original  idea  of  the  galvnnomeler-muhiplier. 
Many  forms  have  been  given  to  these  multipliers 
—and  various  instruments  have  been  proposed 
with  different  qualities.    We  can  only  indicate 
■  the  chief  of  these,  referring  for  special  instructive 
'  details,  to  special  treatises  concerning  the  subject 
I  of  Galvanometry.—Q..)  NobiWs  Galvanometer 
Muhiplier.—ln  the  case  we  have  just  imagined, 
I  there  evidently  remains  to  counteract  the  direc- 
I  tive  effect  of  the  Galvanic  current,  the  directive 
t  effect  of  Terrestrial  Magnetism.    Remove  the 
1  latter,  and  the  influence  of  the  former  will  be 
I  felt  singly  and  purely.    M.  Nobili  proposed  to 
r  suspend  a  second  needle  outside  or  over  the  con- 
'  voluted  coil,  and  of  course  in  immediate  proxi- 
:  niity  with  the  enclosed  needle  and  parallel  to  it, 

 only  with  reversed  poles,  i.e.,  the  north  pole  of 

•  one  needle  being  placed  right  over  the  south  pole 
I  of  the  other.    These  two  needles,  connected  in 


this  way  fixedly,  and  swinging  on  the  same  pivo* 
or  suspended  by  the  same  tiirend  or  wire,  would 
necessarily  form  a  system  indifforent  to  the 
Earth's  magnetic  force,  or  as  Nobili  called  it,  an 
ostulic  needle;  so  that  the  entire  amount  of  de- 
viation would  be  a  correct  measure  of  the  power 
of  the  circulating  current.  Much  care  is  re- 
quired to  construct  such  an  instrument ;  but  the 
class  to  which  this  one  belongs  has  been  of 
essential  service  in  advancing  the  studj'  of  the 
relations  of  Electric  Currents.  (2.)  The  Sine 
Galvanometer,  suggested  by  De  la  Rive  and 
perl'ected  by  Pouillet.  See  ' the  standard  works 
by  De  la  Rive  and  Pouillet's  Physique.  (3.) 
The  Tangent  Galmnometer.  This  is  the  best 
of  all,  although  somewhat  expensive.  See  De 
la  Rive  and  Becquerel.  (4.)  Becquerel's  Electro- 
dynamic  Balance.  The  name  of  this  instrument 
indicates  the  principle  on  which  it  rests.  It  has 
been  greatly  perfected  by  Rhumkorff.  (5.) 
Dubois  Raymond  has  largely  added  to  our  know- 
ledge of  the  habitudes  of  the  astatic  needle,  and 
he  lias  done  much  towards  augmenting  the  sensi- 
bility of  that  instrument,  so  that  it  can  detect  and 
estimate  very  small  currents.  See,  inter  alia,  the 
classical  treatises  by  De  la  Rive  and  Becquerel. 

Mnsca.  The  Fly.  The  name  given  bj' 
Lacaille  to  what  Bayer  calls  the  Apis.  It  is 
just  below-  Crux  ;  between  it  and  the  South  Pole, 
Its  largest  stars  ai-e  of  the  fouith  magnitude. 


Nadir.  That  point  of  the  complete  circle  of 
t  the  heavens  which  is  vertically  below  us.    If  we 

-  suppose  a  man  standing  on  the  other  side  of  the 
earth  from  us,  his  feet  to  our  feet,  our  nadir  will 

I  be  his  zenith — the  highest  or  central  point  in  his 
:  horizon.  Like  the  zenith,  the  nadir  is  quite 
1  an  imaginary  point.    Tliere  is  none  such  phv- 

-  sically.  In  truth,  it  is  only  the  direction  of  the 
'  vertical  line  downwards,  that  we  indicate  when 
» we  sjieak  of  the  nadir. 

IVapicr's  Analogies  (Technical).  Four 
1' formula:  for  the  resolution  of  spherical  tri- 
angles, i.e.,  for  finding,  from  certain  given  ele- 
ments, the--  ungiven  elements  of  the  triangle. 
The  small  letters,  re[)resent  the  sides,  the  cir- 
cular arcs  on  the  spherical  surface;  the  large 
letters,  the  angles  opposite  to  the  sides  maiked 
by  the  same  letter.  The  formulas,  which  are 
very  convenient  for  logaritinnic  calculations, 
and  of  great  use  in  astronomy  when  we 
have  to  do  with  spherical  triangles,  are  as  fol- 
low :— . 


Tang  1  (5  _  c)  =  cot      a  X 


sin  — (b_c) 


I'Tanp 


Y(^  +  O  =  cot 


a  y 


CIS  ^  (b  —  c.) 


cos  Y  + 


Tang  -  (B-J-  c)  =  cot  -  A  X 


Tanir 


■  (i3  —  c)  =  cot 


A  X 


.  1 

sin  — 
2 

(B+C) 

1 

cos  — 
.  2 

(6  — c) 

cosA 

(6  +  c) 

.  1 

sm  — 
2 

(5-c) 

sin     (b  -t-  c) 


IVapicr'd  Bones.  The  name  given  to  certain 
pieces  of  ivory,  &c.,  containing  the  products  of 
an}'  two  single  numbers,  so  contrived,  that  multi- 
plication and  division  (f  large  numbers  may 
easily  be  performed  by  tiiom :  invented  by  the 
famous  Lord  Nupier. 

Natural  Plillosopliy.  A  term,  which  in 
Germany  is  taken  to  signify  the  whole  circle  of  the 
psychical  and  material  sciences.  In  this  countrv 
it  is  confined  to  the  latter.  The  term  as  we  use 
it  is  tlie  simple  English  of  the  Greek  word  Phy- 
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sics,  wlilch  is  commoiih'  employed  to  mean  tlie 
same  thing,  i.e.,  a  summary  of  the  laws  which 
regulate  the  phenomena  of  material  nature. 

Nautical  Astronomy.  That  portion  of 
astronomical  science  which  is  applied  to  the  de- 
termination at  sea  of  Longitude,  Latitude, 
Time,  &c.    See  those  articles. 

IVautical  Instvumeiits.  These  are  twofold. 
First,  Those  applicable  to  navigation  strictly  so 
called — viz.,  instruments  for  measuring  the  ship's 
way  or  the  log,  instruments  for  measuring  the 
strength  of  currents,  the  vertical  depth  of  the 
ocean,  and  the  strength  of  winds.  Secondly, 
Those  applicable  to  astronomical  observations  at 
sea— consisting  chiefly  of  reflecting  instruments 
such  as  the  Sextant,  contrivances  for  determin- 
ing horizon  points,  &c.  To  which  may  be  added 
the  Compass.  Many  improvements  of  the  high- 
est value  have  recently  been  suggested  by  Pro- 
fessor Piazzi  Smyth,  Astronomer  Royal  of  Scot- 
land. Reference  is  especially  made  to  a  very 
able  and  suggestive  pamphlet  recently  published 
by  this  excellent  observer. 

NaTigation,  as  a  mechanical  art,  consists  of 
an  account  of  the  methods  of  handling  a  ship  by 
means  of  its.  sails,  &c.,  so  that  she  pass  through 
the  waters  along  a  certain  definite  course.  An 
art  difficult  and  of  the  highest  importance.  It 
virtually  proposes  to  contend  with  winds  and 
oceanic  currents,  by  other  mechanical  contriv- 
ances.   Into  the  de'tails  of  this  mechanical^  art, 
however,— so  eminently  possessed  by  the  mariners 
of  our  own  land  and  of  one  or  two  other  coun- 
tries, —we  cannot  enter  here.  But  there  are  purely 
scientific  requisitions  besides.    It  is  requisite  that 
the  navigator  be  able  at  all  times  to  know  accu- 
rately his  position,  or  his  latitude  and  longitude, 
even  when  long  out  at  sea,  in  mid  ocean.  The 
true, -and  only  reliab'e  way  of  effecting  this 
accurately,  is  by  the  methods  of  Nautical  Astro- 
nomy :  —  These  are  discussed  under  Cimo- 
jjoMETER,    Latitude,    Longitude,  Lunar 
Distances,  Time,  &c.    But  the  sailor  employs 
from  day  to  day  approximate  methods;  which 
alone,  we  intend  very  briefly  to  indicate  in  this 
lilace.    The  student  is  referred  for  details  to  the 
\'ery  excellent  worlds  on  Navigation  by  Mr. 
Riddle  and  Lieutenant  Raper.    It  is  assumed  as 
the  foundation  of  all  these  approximate  or  ten- 
tative methods,  that  the  Navigator  knows  the 
course  on  which  he  has  run,  and  the  distance  he 
has  run  in  a  given  time.    For  the  knowledge  of 
his  course,  he  depends  on  his  Compass,  an  in- 
strument of  the  higliest  importance,  but,  wiiose 
variations-permanent  as  well  as  accidental— he 
ought  to  be  able  to  correct  for  and  compensate. 
The  distance  run  is  usually  obtained  by  his 
loq  line-a  contrivance  showing  the  resistance 
encountered  bv  the  sliip  in  passing  through  the 
waters,  and  thus  furnishing  a  basis  for  calcula- 
tion as  to  the  distance  passed  over,  or  tlie  speed 
of  the  ship.     The  log  would  be  remarkably 
accurate  if  the  ocean  were  quite  at  rest,  or  ii, 
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whatever  its  waves  or  oscillations — there  were 
no  cwTents  in  it.  But  so  soon  as  the  vessel  falls 
within  a  current,  the  indication  of  the  log  be- 
comes inaccurate,  and  requires  to  be  corrected 
for  the  set  of  the  current.  Hence,  the  vast  imr 
portance  to  the  practical  mariner  of  an  acquain- 
tance with  the  physical  conditions  of  the  ocean— 
a  subject  quite  as  important  to  hlin  theoreti- 
cally, as  the  sul'jject  of  perturbations  to  the 
physical  astronomer. — In  what  follows,  however, 
we  shall  postulate  that  the  mariner  knows  his 
course,  and  that  he  has  corrected  his  log  for  the 
set  of  currents.  The  methods  of  deducing, 
from  these  corrected  data,  the  actual  positions  of 
the  ship,  .are  mere  approximations,  and  as  fol- 
lows : — 

(1.)  Plane  Sailvig  This  method  supposes  that 

the  course  of  a  ship  has  not  altered;  and  further 
that  the  Earth  is  not  a  sphere,  but  a  great  jdane. 
This  latter  supposition  may  be  taken  as  nearly 
cori-ect  for  a  short  space  of  time — say  a  day's 
sailing.  Now,  that  day's  sailing  may  be  taken 
as  the  hypothenuse  of  a  right-angled  triangle, 
one  side  of  which  is  the  true  difference  of  latitude 
made,  and  the  other  side  what  is  named  the 
departure,  or  the  actual  distance  made  east  or 
west.  This  departure  cannot  of  itself  give  the 
difference  of  longitude,  because  the  lengths  of 
degrees  of  longitude  vary  in  different  parts  of  the 
Earth.  Still,  by  this  easy  method,  a  rough 
approximation  can  be  had  as  to  the  ship's  doings. 

(2.)  Traverse  Sailing.— A.  ship  seldom  keeps 
the  same  course  for  any  length  of  time, — that 
qourse  often,  through  effect  of  winds,  varies  dur- 
ing a  single  day.    This  is  technically  called  tra- 
versing; and  the  problem  is  to  find  the  differenceof 
latitude,  and  the  true  departure  made  during  such 
a  zig-zag  course.    The  common  method  is  easy 
enough.     The  various  courses   are  computed 
separately  upon  the  principle  of  plane  sailing, 
and  combined  according  to  their  signs,  or  as  Uiey 
are  plus  or  minus.    The  difference  of  latitude 
made,  may  here  also  be  pretty  much  n-.lied  on ; 
but  it  is  quite  otherwise  with  regard  to  the  differ- 
ence of  longitude.    According  to  ordinary  prac- 
tice, all      departures  are  compounded  according 
to  their  signs  -|-  or  —  ;  but  it  needs  no  reflection 
to  show  that  this  method  is  utterly  fallacious. 
Because  of  the  spherical  form  of  the  globe,  the 
departure  at  one  latitude,  signifies  a  totally 
different  thing  as  to  degrees  of  longitude,  from 
the  departure  at  another  latitude ;  and  yet,  so 
strong  is  habit,  so  entirely  does  it  dominate 
over  knowledge — it  continues  the  practice  of  the 
mass  of  our""Navigators  to  deduce  their  true 
place  as  to  longitude,  from  the  simple  average  of 
these  dejiartures ! 

(3.)  Parallel  S,iiling.—l(  a  ship  sails  along  a 
given  parallel  of  Latitude,  the  difference  of  Longi- 
tude can  of  course  be  easily  calculated,  inasmuch 
as  we  know  the  length  in  miles  of  a  degree  of 
Longitude  for  anv  Latitude  from  Pole  to  F.quator. 
(4.)  Middle  Latitude  Sailing.— It  may  be 
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gathered  from  -what  has  been  snid,  that  the- 
practical  difficulty  is  to  deduce  the  Lotigitude 
arrived  at.  from  the  dqiartures  in  traverse  sail- 
ing. Middle  Latitude  Sailing  is  an  ingenious, 
and  upon  the  whole  a  very  accurate  device,  by 
which  the  difficulty  may  be  overcome.  Suppose 
a  ship  traversing  for  many  da3'S  from  north  to 
south,  in  a  northern  hemisphere  : — her  departure 
i'.i  miles,  in  the  early  part  of  her  course,  would 
yive  too  great  a  difference  of  Longitude  ;  while 
tlie  departures  in  the  latter  part  of  the  same 
course  would  give  too  small  a  difference.  The 
average  of  the  two  might  give  very  nearly  the 
difference  of  longitude,  for  the  ship's  Middle 
Latitudis—i  e.,  the  latitude  half-way  between  the 
].oint  from  which  she  started,  and  that  at  which 
she  arrived.  The  ship's  Longitude,  when  at  that 
middle  point,  may  thus  be  calculated;  and  so  as 
she  passes  farther  onwards.  The  method  would 
be  entirely  correct  if  the  meridians  were  truly 
sides  of  a  rectilineal  triangle  whose  apex  is  the 
pole.  But  as  they  are  great  circles  instea(|,-  a 
farther  correction  is  required, — a  correction  found 
in  our  best  nautical  tables. 

(5.)  Mercators  Sailing. — This  is  the  most 
accurate  of  all  existing  modes  of  computing  a 
ship's  course.     Its  principle  is  naturally  the 
same  asthatof  Mercator's  projection  of  the  sphere 
iqjon  a  plane.    The  object  of  this  projection  is 
to  exhibit  the  various  parts  of  the  Earth,  upon  a 
,  jilane  surface,  under  their  actual  relative  dimen- 
•  sions  and  forms.  This  aim  was  not  thoroughly 
I  realized  ; — hence,  the  value  of  the  new  Hnmnlo- 
;  graphic  Projection  of  M.  Babicet.  Mercator's 
-sailing  aims  at  treating  any  set  of  ship's  courses 
i  in  any  part  of  the  Earth,  on  the  principle  of  the 
'.  Mercator  projection ;    and  the  object  is  well 
;  accomplished  by  aid  of  corrections  far  from 
I  complex,  supplied  in  appropriate  tables.  This 
'  mode  of  computation  is  certainly  the  nearest  in 
I  accuracy,  to  astronomical  methods;  but,  un- 
I  fortunately,  it  is  not  extensively  employed. — 
■  These  are  the  chief  methods  of  practical  Naviga- 
t  tion.    But  we  cannot  avoid  noticing  what  is 
1  now  termed  Great  Circle  sailing.    The  object  of  a 
!  Xavigator,  is  of  course,  to  pass  bj'-  the  shortest 
I  route  from  one  point  on  the  Earth's  surface  to 
1  another.    Now,  that  shortest  route  is  a  great 
I  circle  of  the  sphere,  passing  through  ttie  two 
I  points.     It  is  not  possible  for  any  ship  to 
I  keep  steadily  on  any  line  or  circle ;  but  if 
'  Navigators  knew  to  aim  at  proximity  to  the 
great  circle,  much  time  and  trouble  would  be 
saved.    Ta'olea  have  been  published  by  the  Ad- 
miralty under  the  title,  "  Tables  to  facilitate  the 
practice  of  Great  Circle  Sailing,"  which  instruct 
the  practical  sailor  how  to  approximate  as  nearly 
as  possible  under  all  circumstances,  to  the  great 
circle.    These  valuable  tables  were  constructed 
by  Mr.  Towson,  now  of  Liverpool. 

Ncnp  TidcM.  Those  which  happen  when  the 
moon  is  in  the  middle  of  the  second  or  fourth 
quarters.    They  are  low  tides,  the  spring  tides 
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being  the  high  tides.  The  lowest  of  all  tides, 
technically  called  "deep  neap,"  happens  four 
days  before  the  full  or  change  of  the  moon.  Seo 
Tides. 

IVcbiilie.  The  name  given  to  a  class  of  ob- 
jects which  may  certainly  be  termed  the  most 
extraordinary  in  the  heavens.  The  nebula  are 
invisible  to  the  naked  eye,  the  only  exception  in 
these  northern  climates  being  the  great  nebula 
in  Orion  and  that  in  Andromeda — both  some- 
times presenting  the  aspect  of  a  very  faint  and 
very  limited  haze.  When  first  descried  by  the 
telescope  these  objects  look  like  small  milky  spots. 
On  the  application  of  larger  light-gathering  and 
magnifying  power,  many  of  them  are  resolved, 
i.e.,  they  unfold  themselves  as  clusters  of  stars. 
The  additional  power  that  resolves  some  nebuhie, 
discovers  others  having  the  aspect  of  milky  ligh  ts ; 
and  to  the  great  telescope  of  Parsonstown,  which 
can  penetrate  so  profoundly  into  space,  there  ap- 
pear a  great  many  more  unresolved  nebulae,  than 
can  be  seen  by  any  other.  Various  points  of  im- 
portance are  now  under  discussion  regarding  these 
memorable  objects. 

(1.)  The  Forms  of  the  Nehnlm.—The;  extra- 
ordinary variety  of  forms  assumed  by  the  nebuhe 
will  receive,  a  partial  although  very  inadequate 
representation  from  plate  IV.  Amid  this  sin- 
gular variety  two  forms  may  be  selected  as  more 
prevalent  than  any  other.  The  first  is  the 
spherical  form,  or  the  approximately  spherical, 
aiultitudes  of  nebulse  exist  of  this  shape,  and, 
generally  speaking,  they  manifest  considerable 
concentration  towards  the  centre.  One  brilliant 
instance  of  a  resolved  nebula  of  this  sort,  is  tlie 
well  known  and  most  gorgeous  cluster  in  the 
constellation  Hercules.  It  is  pourtrayed  in  lig. 
1.  Another  form  is  that  of  fig.  2,  where  the 
central  concentration  seems  to  take  place  rather 
by  starts,  or  breaches  of  continuity.  Such  a 
cluster  would  appear  to  a  small  telescope  a  mere 
nebulous  star,  i.e.,  a  star  with  a  faint  halo  around 
it.  It  is  scarcely  possible  to  miss  observing  the 
very  clear  marks  of  the  arranging  influence  of  an 
attractive  power  within  masses  of  such  shape  and 
characteristics  as  these.  In  all  probability,  also, 
vast  orbital  motions  prevail,  adequate  to  give  them 
a  comparative  stability — to  prevent  or  postpone 
that  collapse  whicli  would  inevitably  issue  from 
the  unchecked  agency  of  central  forces.  The 
second  prevailing  form  is  the  spiral,  illustrated 
in  three  figures  in  the  plate,  viz.,  4,  6,  and  9. 
The  lustre  of  some  of  liicse  forms,  when  seen 
through  the  great  telescope  of  Parsonstown,  is 
unparalleled ;  they  strike  astonishment  into  tlie 
most  callous  beiiolder.  Impossible  as  it  is  to 
conceive  what  forces  are  engaged  in  sustaining 
shapes  so  strange,  it  is  equally  impossiljlo  to 
disregard  clear  intimations  of  a  gradation  of 
shape.  Fig.  4  occupies  a  sort  of  middle  place  in 
the  series.  We  have  other  shapes  like  that  of 
fig.  9  where  the  spiral  is  nnich  opener,  and,  on 
the  otlier  hand,  tliere  arc  brilliant  instances  in 
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which  the  spiral  arms  have  quite  closed  in  and 
fiirnied  an  ahnost  regular  and  continuous  oval 
lif^ure.  In  presence  of  such  gradations  of  form, 
the  idea  of  progression  almost  necessarily  suggests 
itself.  Are  these  gigantic  masses  in  a  condition 
of  change  or  flux?  A  question  as  yet  far  from 
decision  ;  but  the  foundation  for  ultimate  decision 
is  being  laid  by  the  labours  being  now  performed 
at  Parsonstovvn — viz.,  the  minrometrical measure- 
ment of  all  the  leading  nebulae.  Fig.  6  is  another 
spiral  form.  Attention  has  been  arrested,  too, 
by  that  very  remarkable  nebula  in  Andromeda, 
represented  in  fig.  8.  The  singular  feature  of  it, 
consists  in  these  two  dark  spaces  or  patches ;  is 
it  not  likely  that  Andromeda  is  also  a  spiral 
nebula,  but  seen  from  above — not  from  the  side? 
If  it  were  a  spiral  of  the  kind  of  a  helixy  these 
dark  spaces  might  be  at  once  understood. — Be- 
sides these  leading  forms,  others,  frequently  of 
the  most  capricious  nature,  abound  in  the  sky. 
Look  for  instance  at  fig.  5,  or  still  more  at  fig.  7. 
How  extraordinary  an  arrangement !  This  latter 
is  a  specimen  of  the  real  shape  of  what  once  were 
called  planetary  nebulae — i.e.,  nebulaj  with  discs 
of  equable  light,  in  which  there  is  no  trace  of 
condensation.  Many  theories  were  proposed  to 
account  for  such  aspects :  the  true  solution  came 
at  length  from  Lord  Rosse, — we  had  not  seen 
these  objects  aright;  they  are  hollow  nebulae,  with 
streaks  partiallj'  through  them — hence  their  ap- 
parently equable  illumination.  This  is  one  among 
many  instances  of  the  danger  of  speculating  on 
the  apparent  shapes  of  these  shadowy  appearances 
as  if  they  were  their  real  shapes.  For  instance, 
tig.  3  is  the  once  famous  dumb-bell  nebula,  as 

that  is  seen  in  the  six-feet  reflector  Ring 

nebuhe  are  not  uncommon — a  fine  illustration 
being  in  the  constellation  Lyra.  But  the  greater 
number  may  certainlj'  be  styled  amorphous;  the 
most  gigantic  instance  of  which  is  unquestionably 
the  grand  Nebula  of  Orion,  easil}'  discei  ned  with  a 
comparatively  small  telescope.  When,  however, 
this  object  is  regarded  by  an  instrument  of  ade- 
quate power,  it  baffles  all  description — spots  of 
light  irregularly  diffused — the  ma.ss  of  it  passing 
away  into  utter  faintness,  probably  through  effect 
of  the  profundities  into  wliich  it  pierces — arms 
and  branches  of  the  most  fantastic  form  and  ar- 
rangement, stretching  out  one  knows  notM'hither! 
We  have  not  as  yet  obtained  a  full  figure  of  this 
nebula  from  Parsonstown ;  but  M.  Lassel  sketched 
it  at  Malta,  and  a  finely  executed  copy  of  the 
drawing  made  at  Cambridge  near  Boston,  U.S., 
is  given  in  Professor  Nicliol's  Architecture  of  the 
Ueaveiu,  ninth  edition,  BaiUiere,  London.  It  may 
be  remarked  that  this  volume  contains  the  most 
effeccive  engravings  of  the  nebulic.  that  are  to 
bo  found  in  any  acce.ssible  work. — The  classical 
volume  on  the  nebulio  of  the  Southern  lleuii- 
sjihere,  is  Sir  .John  Herschel's  Results  of  Observa- 
tions; but  the  whole  of  this  portion  of  the 
heavens  ouglit  to  be  re-surveyed  with  a  much 
more  powerful  instrument. — Sue  also  Lord  llosse': 
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various  memoirs  in  the  Philosophical  Transac- 
tions. 

(2.)  Constitution  and  Distances  of  tlie  Nebiilm. 
— This  is  the  ob.scurest  portion  of  the  Sidereal 
Astronomy.  It  was  a  strong  opinion  of  Sir  Wm. 
Hi^rschel's— the  ever  illustrious  founder  of  the 
whole  of  this  portion  of  astronomical  inquiry^ — 
that  there  are  two  distiuct  classes  of  nebulae;  one 
class  consisting  of  clusters  of  stars,  so  remote,  that 
nothing  but  their  milky  light  can  be  discerned ; 
and  a  second  class  in  which  the  matter  is  not 
stellar,  but  a  confused  gaseous  substance,  not 
unlike  the  matter  of  comets.  The  ground  on 
which  this  eminent  man  thought  that  the  dis- 
tinction could  be  established,  was — in  general 
terms — the  following : — A  certain  proportionality 
appears  to  hold  between  the  power  of  the  tele- 
scope that  first  descries  a  cluster  as  a  milkj'  spot, 
and  the  telescope  that  succeeds  in  resolving  it. 
But  there  are  objects  with  regard  to  which  there 
is  no  such  proportionality.  The  nebulffi  of  Orion 
and  Andromeda,  for  instance,  may  be  said  to  be 
visible  to  the  naked  eye ;  while  no  power  that 
even  Herschel  had  at  his  command,  was  adequate 
to  resolve  them.  Now,  their  irresolvability — on 
the  supposition  that  the}'  consist  of  multitudes  of 
ordinary'  stars — argues  their  enormous  distances; 
while  their  visibility  to  very  small  telescopic 
power,  would  under  such  circumstances  indicate 
an  amount  of  compression  of  the  separate  orbs  of 
which  they  are  composed,  that  has  no  parallel  in 
known  regions  of  the  heavens.  That  phenomenon 
— an  apparent  one  only — of  the  nebulous  stars, 
already  alluded  to  and  explained,  first  sug- 
gested this  idea  to  Herschel ;  and,  confirmed 
as  above,  he  erected  upon  it  his  famous  and 
captivating  theory,  that  this  nebulous  matter  is 
the  rudiments  of  stars,  and  may  actually  be  traced 
through  its  progress  of  condensation :  (see  his 
celebrated  memoir  of  1811).  It  is  very  clear 
that  this  separation  of  the  clusters  into  two  sets, 
or  the  acceptability  of  the  doctrine  that  there  is 
nebulous  matter  which  is  not  stellar,  does  not  re- 
quire, in  order  that  it  be  legitimately  negatived, 
that  all  clusters,  or  all  the  milky  light  belonging 
to  every  cluster  in  the  heavens,  should  be  proved 
resolvable.  Our  telescopic  power  may  always  con- 
tinue inadequate  to  such  an  achievement.  It 
must  wholh'  suffice,  if  the  logical  distinction 
just  described,  be  broken  down  in  anycritical  case. 
.•Vnd  this  was  the  feat  of  the  Reflector  at  Parsons- 
town: — it  unravelled  themystery  of  the  Nebulous 
Stars,  and  it  resolved  that  nebula  of  Orion,  on 
wiiich  Herschel  rested  par  excellence.  Not- 
witiistanding  this  thoroughly  satisfactory  dispo.sal 
of  the  question,  a  disposition  still  lingere  with 
many  observers  to  imagine  the  existence  of  such 
nebulous  matter,  simply  because  there  appear 
masses  of  it  connected  with  the  resolved  nebuhe. 
Certainly,  so  long  as  any  portion  of  pure  milky 
light  remains  in  the  heavens,  an  abstract  possi- 
bility may  be  alleged  on  behalf  of  the  old  idea; 
but  is  it  not  much  more  natural  as  well  as  just, 
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in  the  present  state  of  our  knowledge,  to  refer  it 
to  the  fact  that  portions  of  these  galaxies  stretch 
t'iir  behind  the  others?    Our  own  milky  wa^y, 
for  example,  manifests  stars  to  the  naked  eye,  as 
well  as  the  light  of  others  that  are  far  more  re 
mote ;  nor,  perhaps,  can  our  best  telescopes  resolve 
tliat  zone  in  all  places :  nevertheless,  we  never 
doubt  that  it  consists  of  stars? — But  even  con- 
ceding the  fact  that  all  nebulse  are  resolvable, 
another  question  of  deep  import  arises : — are  the 
shining  points  composing  them,  veritable  stars, 
as  we  understand  that  term,  or  not  rather  masses 
of  meteoric  bodies,  somewhat  akin  to  our  aster- 
oids ?   It  is  impossible  to  limit,  even  in  thought, 
the  infinite  variety  of  the  universe.    Our  own 
planetary  system  teems  with  such  variety ;  and 
we  know  besides,  that  the  fixed  stars  constitut- 
ing our  galaxy,  are  not  all  of  one  magnitude. 
That  a  certain  average  magnitude  may  be  pre- 
dicated of  them  will  clearly  appear  when  we  treat 
the  details  of  then-  distribution  (see  Stars),  and 
certainly  it  seems  at  first  sight  the  probable 
hypothesis,  that  the  congerieses  of  orbs  which  we 
I  term  the  nebulae,  are  composed  in  a  way  similar 
1  to  the  gigantic  system  to  which  we  belong.  There 
i  is  but  one  way  of  finally  resolving  this  doubt. 
I  If  the  nebulse  are  akin  to  mere  meteoric  congerieses 
1  of  comparative  atoms, — they  cannot  be  far  re- 
I  moved  from  us,  and  careful  observation  will 
:  speedily  determme  their  parallax.  If,  on  the  other 
lhand,  they  are  veritable  firmaments,  they  must 
I  be  seated  so  profoundly  in  space,  that  light  with 
iits  almost  magical  velocity  would  not  traverse 
t  the  chasm  that  separates  us  from  them  in  less 
t  than  millions  of  years. — The  whole  subject  how- 
t  ever,  must  be  referred  to  the  future. 

(3.)  Our  own  Galaxy,  or  Nebula,  or  Firmament. 

 The  idea  that  the  grand  stellar  system  to  which 

our  Sun  belongs,  is  a  finite  cluster,  with  boundaries 
land  even  ascertainable  shape,  is  one  of  those  me- 
nmorable  advances  for  which  Astronom3- is  indebted 
t.to  Sir  William  Hei-schel.  The  cause  of  the  Milky 
\Way,  or  rather  the  question  as  to  the  true  physical 
pphenomenon  indicated  by  it,  very  early  arrested 
tithis  remarkable  man.  Why,  he  asked,  do  the 
vstars  vanish  away  from  us,  and  seem  in  such 
iiinnumerable  multitudes  when  we  turn  the  eye  or 
tithe  telescope  towards  the  Milky  Way,  while  at  the 
•'Sides  of  our  Firmament  or  cluster,  they  seem  tiiinly 
■^scattered  ?  Is  it  not,  hence  apparent,  that  if  we 
made  a  section  of  that  cluster,  through  the  posi- 
•ition  of  our  sun  and  at  right  angles  to  the  plane 
lof  the  milky  way,  that  section  would  have  some 
KBuch  general  shape  as  this, — 


the  Sun  being  at  S  ?  All  the  leading  phenomena 
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receive  in  this  way  an  easy  explanation.  Loolc- 
iiig  backward  or  forward,  the  e.ya  would  be  lost 
in  the  maze  of  stars,  while  the  sides  of  our  starry 
stratum  would  seem  comparatively  shallow 
the  bifurcation  of  the  stratum,  corresponds  with 
the  fact  that  through  about  one-third  of  its  course 
the  milky  way  separates  into  two  branches.  Her- 
schel  did  not  rest,  however,  with  this  general 
speculation.    He  employed  his  great  telescopes 
to  gauge  the  heavens,  to  sound  tlieir  depths,  and 
ascertain  their  limits  on  every  side ;  and  on  the 
ground  of  tliese  elaborate  measurements  he  adven- 
tured a  somewhat  minute  sketch  of  shape  of  our 
galaxy.    No  signal  advance  has  been  made  in 
this  direction  of  inquiry  since  Herschel's  time. 
Struve's  Etudes  Stellaires,  are  somewhat  en- 
cumbered by  questionable  hj'potheses;  and  he 
quite  overvalues  a  casual  remark  by  Herscliel, 
that  in  a  certain  direction  the  IMilky  Way  seems 
unfathomable. — See  for  admirable  sketches  of  a 
large  portion  of  this  zone.  Sir  John  Herschel's 
Results  of  Observations. — But  Herschel  thougiit 
of  one  section  only,  of  our  sidereal  sj'stem.  Sup- 
pose that  we  look  at  it  sideways  so  that  we  could 
see  the  Milky  Way  as  a  ring?  Is  it  not  exceedingly 
probable  that  it  would  then  appear  as  a  spiral, 
of  the  kind  of  figure  4, — that  zone  itself  being 
merely  the  branching  curvilinear  arms  ?  If  such 
conjecture  should  ever  be  verified,  the  question 
as  to  the  character  of  these  other  imposing  masses 
will  be  decided  independently  of  the  difficult  re- 
'searoh  of  parallax. — For  details  see  Stars,  Dis- 
tribution OF. 

Nebular  Ifypothesis.  It  is  our  purpose  to 
give  in  this  article  a  general  account  of  the 
famous  Nebular  Hypothesis  of  Laplace,  in  which 
he  endeavoured  to  lay  rational  foundations  for  a 
cosmogony  of  the  Solar  System.  It  scarcely 
requires  to  be  premised  that  on  subjects  of  this 
nature,  the  highest  evidence  that  can  be  attained 
is  a  degree,  greater  or  less,  of  probability.  On 
recurring  to  Gravitation,  wherein  the  foun- 
dations of  Newton's  law  are  exposed,  the  reader 
will  discern  that  the  breadth  of  these  is  no 
greater  than  the  three  general  principles  in  refer- 
ence to  the  orbits  and  motions  of  the  planets, 
whose  discovery  will  ever  distinguish  the  memory 
of  the  illustrious  Kepler;  and  that  not  one  of 
those  other  remarkable  aiTangements,  noticed 
under  Solar  Sy.stem,  enter  among  the  considera- 
tions to  which  that  law  owes  its  origin.  For  in- 
stance, Gravity,  as  there  explained,  takes  no  note 
of  the  fact,  that  the  various  orbs,  primary  and 
secondary,  move  in  ellipses  approaching  very  nearly 
to  the  circular  form;  nor  of  the  fact,  that  all  these 
orbs  revolve  in  the  sa.me  direction  around  the  Sun 
(exccplinij  the  satelUles  af  Uranus) ;  nor  of  the 
fact,  tiial  they  all  rotate  on  their  axes  in  that  same 
direction  also;  nor,  finally,  of  that  equal!}'  sin- 
gular ordinance,  which  has  confined  so  many 
bodies  within  a  very  brief  distance  of  the  plane 
of  the  equator  of  the  Sun.  Tiie  comets  are  known 
to  transgress  every  one  of  these  laws  whicli  could 
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be  applicable  to  them,  and  yet  tlicy  are  sustained 
through  all  their  devious  courses  by  the  power  of 
gravity  as  unerringly  as  the  jilanets  are :  so  that 
it  appears  a  necessary  conclusion,  that  the  cause 
of  the  foregoing  arrangements  is  something  pro- 
founder  even  than  Newton's  principle — perhaps 
some  remotest  fact  in  the  history  of  the  universe. 
— It  is  possible,  that  on  the  threshold  of  the  in- 
vestigation before  us,  it  may  occur  to  a  certain 
class  of  minds,  that  the  laws  or  arrangements  we 
are  seeking  to  explain  are  TCiilly  primary,  and 
therefore  incapable  of  explanation.  It  may  be 
said,  for  instance,  "These  are  merely  expressive 
of  the  manner  in  which  our  planetary  system 
was  at  first  constructed ;  indications  of  the  order 
stamped  upon  it  by  the  creative  fiat."  The  times 
indeed  have  long  gone  by,  in  which  any  sound 
or  logical  thinker  would  be  disposed  to  fanc}' 
that  an  explanation  of  the  mystery  of  the  ex- 
ternal world  can  be  reached,  merely  by  referring 
existing  events  and  appearances  to  some  prior 
physical  condition ;  but  it  requires  to  be  empha- 
tically noticed,  that  the  feeling  which  demands, 
as  the  necessaiy  substratum  of  all  that  is  com- 
prehended within  space  and  time,  the  existence 
of  one  Absolute,  Unchangeable,  Causative  In- 
telligence, contains  no  element  whatsoever 
entitling  one  to  declare  that  at  such  or  such  a 
point  any  special  stream  of  succession  arose. 
Why,  indeed,  or  by  what  power  or  faculty  of  the 
human  intellect,  can  any  one  be  authorized  to 
assert,  that  the  special  condition  in  which  it  ap- 
pears now,  was  the  primary  condition  of  the  solar 
S3'Stem?  There  is  a  creature  named  the  Ephe- 
merou,  which  is  born  and  dies  within  an  hour. 
Suppose  that  creatui'e  endowed  with  a  momentary 
reason,  and  examining  tlie  exquisite  arrange- 
ments of  a  blossom  —  the  adaptations  of  its 
complex  and  innumerable  vessels,  and  the  won- 
derful evolution  of  that  beautiful  colouring, — 
what  chance  is  there  that  a  creature  so  evanes- 
cent, unless  it  had  arisen  to  our  loftiest  views 
concerning  unfathomable  Time  and  the  awful 
grandeur  of  Creation, — what  chance  of  its  con- 
ceiving that  this  blossom  ever  had  a  bud,  far  less 
that  the  tree  which  bore  it  sprung  from  an  in- 
significant seed?  And  as  Man  gazes  on  that 
resplendent  solar  system,  M-hat  is  he  save  an 
Ephemeron?  The  element  of  ditference  is  no- 
wiiere  in  the  objects  contemplated,  but  in  the 
relative  powers  of  the  contcmplators;  and  surely 
— notwithstanding  the  heights  and  depths  of  the 
boasted  vision  of  our  race— it  is  possible  that  the 
vastest  durations  it  ever  can  explore  are  not,  in 
relation  to  what  exists  or  to  the  glance  of  the 
Infinite  Mind,  more  imposing  than  the  solitary 
tick  of  a  clock,  which  is  heard  and  passes!  — Is 
it  indeed  possible,  then,  that  those  remarkable 
arrangemcnt-s,  lying  bmeath  the  operations  of 
gravity — the  constituent  or  fundamental  princi- 
ples of  a  system,  whose  motions  or  present  vitality 
gravity  merely  upholds — are  indications  of  the 
mode  of  that  system's  origin,  and  flow  necessarily 
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out  of  dark  and  far-back  processes  which  evolved 
it?  Had  thid  consummate  fabric — this  gorgeous 
jilanetary  scheme — a  bud,  like  the  blossom  ?  and, 
deeper  yet, — can  we,  by  a  study  of  its  existing 
structure,  reach  that  mysterious  germ  within 
which,  as  in  a  chrysalis,  rested  the  necessities  of 
its  present  glorious  unfolding?  Questions  before 
which  the  boldest  imagination  may  well  start 
back  appalled,  and  to  which  our  human  reason, 
even  in  its  highest  strength,  may  never  yield  re- 
ply clothed  in  other  forms  than  those  of  reverent 
conjecture! — The  speculation  about  to  be  un- 
folded— the  onl}'  one  which  has  hitherto  thrown 
the  remotest  light  on  what  is  manifestly  not  only 
a  legitimate,  but  an  urgent  physical  inquiry — 
constitutes  the  Nebular  Hypothesis  of  La- 
place. This  remarkable  hypothesis — for  that  is  its 
proper  appellation — having  been  egregioasly  mis- 
understood and  misrepresented  alike  in  itself  and 
its  tendencies,  and  in  directions  the  most  oppo- 
site, we  shall  use  every  endeavour  to  present  it  as 
it  really  is,  apart  from  all  that  is  factitious. 

I.  The  logical  foundation  of  the  speculation  in 
question  is,  as  it  now  stands,  essentially  hypo- 
thetical. But  the  supposition  at  its  base  is  not 
an  unwonted  one,  nor  in  the  least  strange  to 
those  schemes  of  knowledge  which  are  concerned 
with  ultimate  facts.  How  often,  for  instance, 
has  the  geologist  had  recourse  to  the  tenet  of 
the  original  liquidity  of  the  earth — drawing  from 
that  hypothesis  the  solution  of  much  that  at  one 
time  seemed  otherwise  inexplicable  ?  It  is  not 
our  present  intention  to  offer  any  opinion  on  that 
tenet ;  we  merely  assert  that  it  has  been  received, 
and  been  frequent  subject  of  permitted  discussion, 
['at  between  this  and  other  similar  instances,  and 
t  he  fundamental  assumption  of  Laplace,  there  ex- 
ists S.  difference  of  degreeon\y,  viz.,  the  distinction 
depending  on  the  superior  grandeur  and  remote- 
ness of  the  latter.  Kising  to  the  thought  of  the 
probable  origin,  or  rather  of  the  probable  proxi- 
mate condition,  not  of  solitarj-  planets,  but  of  our 
entire  system,  the  illustrious  French  geometer 
(sustained  also  by  the  metamorphoses  which  re- 
cent chemistry  had  converted  into  realities  out  of 
dreams)  brought  within  the  grasp  of  his  powerful 
conception  the  idea  of  a  huge,  chaotic,  nebulous 
mass  of  matter,  akin  to  the  cometic,  resolving 
itself  during  myriads  of  ages  into  an  organized 
form  ;  and,  upborn  on  the  wing  of  his  most  won- 
derful genius,  ho  hovered  aloft  among  the  heights 
of  space  over  the  scene  of  this  mighty  germina- 
tion, and  at  last  beheld  its  issue  in  the  Sun  and 
his  goi-geous  train! — The  assumption,  however, 
of  a  Nebulous  mass  slowly  condensing,  does  not 
(]uitc  exhaust  the  hypothetical  portion  of  La- 
jilace's  speculation.  That  Nebulous  mass  must 
liavehad  a  certain  prior  condition — one  for  in- 
stance of  rest  or  of  internal  agitation.  Now,  on 
looking  at  th?  system  supposed  to  resultfrom  it,  we 
discern  as  its  special  characteristic  a  grand  motion 
of  reooluiion  in  one  direction  ;  hence  w-e  are  con- 
strained to  infer,  that  the  original  nebulosity  muit 
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have  been  distinguished  by  a  sort  of  whirlpool  or 
vorlical  motion — vague  probably  and  indefinite, 
liut  still  with  a  marked  determination  in  one  di- 
1  ection.  This,  however,  is  not  wholly'  an  assump- 
tion. If  any  internal  agitation  existed  of  whatever 
kind,  it  might  be  shown  by  the  laws  of  mechanics, 
that  when  united  with  a  process  of  condensation 
or  of  motion  toward  a  centre,  that  internal  agita- 
tion would,  as  its  most  probable  issue,  resolve  into 
a  motion  of  revolution.  But  in  treating  of  pro- 
cesses so  infinitely  removed  from  vision  and 
distinct  knowledge  as  these,  it  is  less  fitting  to 
confide  in  any  dogmatism  than  to  warn  ourselves 
of  their  uncertainties.— These  are  the  assumptions 
on  which  Laplace  based  his  speculation :  the  re- 
mainder of  his  course  is  one  of  strictest  deduction. 

II.  The  conception  before  us,  then,  is  the  follow- 
ing:—Suppose  a  huge,  dark,  chaotic,  void,  and 
formless  mass,  determined  towards  a  certain  wor- 
tical  or  whirlpool  motion,  resting  somewhere  in 
space ;  and  that  mthin  its  atoms  the  tendency 
which  we  call  attraction  universally  inheres.  In 
consequence  of  that  mutual  attraction,  the  mass 
nmst  condense ;  in  other  words,  there  must  be  a 
steadfast,  however  slow,  stream  of  matter  towards 
its  central  regions,  proceeding  through  all  time 
and  issuing  in  some  novel  condition.  It  is  our 
aim  to  determine  what  that  condition  most  pro- 
Lbably  will  be. 

(1.)  It  is  not  dilEciilt  to  perceive,  that  the 

'whirlpool  motion  once  originated— there  is  an 
•iiiuherent  power  in  matter,  under  such  circum- 
stances, to  evolve  finally  a  definite  rotation  of 
considerable  velocity.  Several  well-known  facts 
lamply  illustrate  this.  Every  reader  must  be  aware 
of  the  effect  of  shortening  a  pendulum,  or  of 
bringing  the  moving  mass  nearer  the  centre  of 
motion.  The  motion  is  instantly  accelerated; 
:and  it  is  the  same  with  the  little  instrument  tlie 
r  metronome.  The  moment  at  which  the  pirouette- 
lUlancer  desir&s  to  increase  the  velocity  of  his 
^whirling,  he  brings  his  arms,  previously  perhaps 
Wretched  out,  close  to  his  sides;  and"  this  en- 
■ibles  him  to  perform  the  more  rapid  gyration 
without  increased  eflfbrt.  But  the  truth,  that  the 
approach  of  the  matter  towards  tlie  centre,  or  the 
•irocess  of  the  condensation  of  the  nebula,  must 
,'radually,  and  surely  increase  the  velocity  of  its 
•otation,  may  bo  illustrated  very  plainly  by  a 
•eference  to  simple  mechanical  principles.  It  is 
I  general  law  or  fact,  that  if  a  body  is  subjected 
0  two  moving  influences  acting  in  difierent  di- 
■ections,  it  obeys  both,  or  moves  in  obedience  to 
•ach,  as  if  tlie  other  did  not  exist.  For  instance 
i;t  a  person  in  a  boat  start  from  a,  with  the  in- 
cntion  of  pushing  his  boat  riglit  across  a  stream  ; 
iiid  suppose  that  in  the  time  lie  would  occupy  in 
•owing  from  a  to  u  if  the  waters  were  stilt,  the 
"'wer  of  the  stream  could  carry  him  from  a  to  c 
/  he  did  not  row  at  all;— tha  question  is,  how 
•H  boat  will  actually  move?  Now,  all  expe- 
i>  nee  tells  us,  that  if  lie  merciv  rows  rir/ltt  across 
-pu:-hmg  his  boat  from  the  bank  a  towards  u. 
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with  its  side  invariably  to  the  stream,  he  will, 
previous  to  reaching  the  opposite  banlc,  have  been 


carried  down  by  the  current  precisely  as  far  as 
if  his  boat  had  merely  floated;  so  that  he  will 
reach  the  bank  at  d,  immediately  opposite  c,  and 
his  boat  will  have  partaken  at  once  of  the  two 
motions  or  influences  impressed  upon  it.  This 
law,  as  we  have  said,  is  general ;  it  holds  in  every 
case  where  a  body  is  under  the  influence  of  two 
moving  powers ;  and  the  consequences  of  its  ac- 
tion in  a  condensing  nebula  cannot  be  mistaken. 
Let  the  subjoined  sketch  represent  a  section  of  a 
circular  nebula,  revolv- 
ing about  the  central  re- 
gion c,  and  in  which 
condensation  is  perma- 
nently going  on.  It  is 
evident  that  the  par- 
ticle at  A  moves,  in  con- 
sequence of  the  whirl- 
pool, from  A  to  B,  while 
the  particle  at  a'  only 
moves  from  a'  to  b'; 
but  as  the  attractive 
power,  by  drawing  the 

first  particle  from  a  to  A',  cannot,  by  the  fore- 
going principle,  diminish  its  circular  velocity, 
the  result  of  such  condensation  must  be  the  at- 
taching to  A'  of  another  particle  a,  whose  circular 
velocity  is  greater  than  its  own.  Now,  the  per- 
manent consequence  is  manifest.  If  two  balls, 
a  and  B  for  instance,  are  moving  forward  with 


A 


Fi'j 


Fig.  3. 


different  velocities,  a  much  faster  than  b,  what 
will  follow  when  a  overtalccs  b?  Certainly  an 
acceleration  of  b's  motion,  and  a  retardation  of 
a's;  and  the  two  together  will,  after  contact, 
move  on  much  more  rajridly  than  at  Ws  farmer 
rate :  so  that,  by  the  very  act  of  a  (see  previous 
diagram)  being  brought  into  union  with  a',  the 
rotatory  velocity  of  A'  would  be  augmented  ;  and 
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if  the.  whole  outer  circle  a  n,  &c.,  were  attracted 
towards  the  inner  circle  of  matter  a'  b',  &c.,  tiiat 
inner  circle  would  accordingly  rotate  more  rapidly 
tlian  before,  and  the  velocity  of  the  rotation  of  ihe 
entire  nebula  must  therefore  be  increased.  Plaus- 
ible objections,  we  are  aware,  may  be  taken  to  this 
explanation ; — it  is  proposed  merely  as  a  popular 
one:  but  it  indicates,  nevertlieless,  the  principle 
assuring  us  that  the  condensation  of  a  dif- 
fused and  comparatively  slow  whirlpool  cannot 
take  place  without  a  great  and  growing  increase 
iu  the  velocity  of  its  rotation,  inasmuch  as  the 
momentum,  or  amount  of  the  rotatory  force,  must 
in  all  its  stages  and  conditions  continue  the  same 
And  thus  may  it  clearly  be  seen,  how,  out  of 
phenomena  the  rudest  and  most  unpromising, 
a.nd  by  the  simplest  laws  of  nature — those  which 
guide  the  facts  of  everyday  experience, — even 
tliat  stupendous  rotation  might  be  generated — 
a  rotation  whose  discovery  was  one  of  the  first 
achievements  of  the  telescope,  and  which,  all  who 
know  Nature  ought  to  be  assured,  does  not  stand 
by  itself  or  as  an  independent  fact,  but  is  a  cos- 
niical  phenomenon  of  wide  significancy,  and 
closely,  however  mysteriously,  related  with  the 
whole  scheme  and  progress  of  Things — A  con- 
clusion here  forces  itself  on  our  notice  of  the  most 
unexpected  kind.  It  may  be  anticipated  from  the 
previous  speculation,  that  the  individuals  of  the 
double  stars  also  rotate  on  their  axes ;  and  in  fact 
that  they  also  have  arisen,  like  the  sun,  from  re- 
volving nebulae.  Now,  observe  how  the  revo- 
lutionary or  orbital  motions  of  such  systems 
would  flow  at  once  out  of  this  hypothesis  !  The 
solution  of  the  great  and  interesting  fact  now 
referred  to,  cannot  indeed  be  termed  less  than 
picturesque, — it  excites  instantaneously  our  sur- 
prise and  admiration.  Has  our  reader  walked  in 
a  mood  of  tranquil  thought  along  the  side  of  a 
quiet  river,  whose  waving  banks  reflect  a  thousand 
currents,  by  the  intermingling  of  which  numerous 
dimples  or  whirlpools  are  produced— their  easy 
course  only  marking  tlie  river's  stillness  ?  Has 
he  followed  tliese  dimples  as  they  [jursue  each 
other  in  gambol,  and  watched  the  phenomenon 
of  the  near  approach  of  two  or  three  ?  Tiien  may 
he  have  witnessed  the  secret  of  the  mystery  of 
the  double  and  triple  stars !  When  one  of  these 
dimi)les  approaches  the  vortex  of  another,  the 
two  begin  to  revolve  around  each  other ;  and  in 
fact  they  must,  on  approximation,  act  upon  each 
otlier  as  TWO  wheels;  so  that  a  revolution  of 
eacii  around  the  other  nmst  immediately  super- 
vene, and  increa.se  in  rapidity,  until  by  external 
pressure  they  are  forced  into  one.  If  such  smgte 
neiglibouring  nuclei  were  rotating,  it  would  be 
precisely  a  case  of  two  contiguous  whirlpools ; 
and  how  could  revolutionary  motion  he  prevented? 
Two  such  masses  in  approximate  contact  must 
originate  sucii  a  motion:  as  tlie  principle  of 
gravity  draws  the  nuclei  nearer  each  other,  the 
velocitv  of  revolution  must  manifeslly  increase; 
and  the  two  bodies  would  constitute  thcmselve.-! 
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into  a  stable  system  when  the  rapidity  of  revo- 
lution sufficed  to  counterbalance  their  mutual 
attraction.  The  case  would  manifestly  be  tlie 
same  in  instances  of  three,  four,  or  more  nuclei, 
formed  in  the  immediate  neighbourhood  of  each 
otlier :  so  that  now  we  may  have  a  glimpse  not 
only  of  the  causal  solution  of  Herschel's  re- 
markable propliecy,  but  also  an  intimation  that 
the  modes  of  revolution  of  small  clusters  may  be 
as  varied  and  fantastic  as  the  multifarious  revo- 
lutions of  associated  dimples  in  a  stream. — We 
are  not  sure  that  the  portion  of  the  nebular  spec- 
ulation, over  which  we  have  just  gone,  is  not 
the  most  engrossing  of  the  whole  of  it,  for 
it  points  emphatically  to  a  moral  we  are  ex- 
trenielj'  anxious  to  impress.  We  are  all  too 
easily  inclined  to  look  on  creation  as  made  up 
of  isolated  parts — of  independent  or  individual 
classes  of  beings — and  to  regard  Nature  as  we 
do  a  case  of  botanical  or  mineralogical  boxes; 
so  that  it  requires  a  fact  as  striking  as  the  iden- 
tification of  the  Stellar  motions  of  revolution 
with  those  of  rotation,  to  startle  us  from  the 
habitual  en-or,  and  to  bring  us  to  right  ^-ie^vs  of 
that  stupendous  order  within  which  we  live, 
and  of  which  our  own  beings  constitute  a  part 
The  unity  of  things — their  interdependence— their 
adjusted'relationships— are  proclaimed  by  every 
department  of  the  Universe.  We  do  not  deny  that 
different  laws  may  exist ;  nay,  they  must,—{oT 
it  is  only  by  the  commingling  of  Opposites  that 
Variety  and  Progress  can  be  produced  ;  but  all 
is  not  opposition  which  seems  so,  and  most  of 
what  we  divide  and  parcel  out  into  isolated  bun- 
dles, is  nothing  other  than  the  parts  of  the  same 
grand  scheme.  Philosophy  has  tauglit  this  for 
ages— it  is,  in  fact,  the  secret  of  her  life ;  for  she 
aims  to  gather  up  all  fragments,  and  to  present 
the  Universe  united,  compact,  tending  to  one  end 

 a  tvpe  of  its  August  Creator. 

(2.)  W'e  now  enter  on  the  most  difficult  part  of 
our  speculation, — viz.,  the  question  as  to  the 
origin  of  plnnets  connected  with  our  central  Lu- 
minary, and  characterized  in  their  arrangement.s 
by  the  existing  peculiarities.  We  shall  separate 
the  investigation  into  several  distinct  steps. 

a.  The  preservation  and  permanence  of  the 
place  of  a  point  on  the  surface  of  a  rotating 
body,  depend  on  the  circumstance  that  the  cen- 
trifugal force  is  not  greater  than  the  power  of  the 
central  attraction.  The  inevitable  consequences 
of  an  excess  of  the  former  are  seen  in  simple  oper- 
ation in  a  common -phenomenon.  It  is  known  to 
Mechanics,  that  a  grindstone  may  be  made  to  re- 
volve Avitli  a  rapidity  sufficient  to  cause  splinters 
fly  from  its  rim,  and  even  tlie  wliolc  rim  to  break 
in  iiieces— indicating  that  the  centrifugal  force  of 
the  rim  with  that  velocity,  more  than  counter- 
balances the  nnitual  attraction  or  cohesion  of  tlie 
particles  of  the  stone.  Now  if  the  rim,  instead 
of  being  formed  of  brittle  stone,  had  consisted  of 
an  elastic  belt,  say  of  caoutchouc,  wliat  would 
result  iu  such  a  case?    Clearly  a  separation  of 
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IP  rim  from  the  mass  of  the  rotating  body;  it 
)uld  expand  somewhat,  just  as  the  orbit  of  a 
met  in  a  similar  position ;  and,  if  other  cir- 
unstances  permitted,  it  would  revolve  around  j 
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the  stone  as  a  separate  ring  at  a  tUstance  where 
the  balance  or  equilibrium  of  the  forces  would  be 
restored.  Let  the  attention  now  rest  on  the  fol- 
lowing diagram :  — 


Fiff.  4. 


HVe  have  already  seen  that  causes  continually 
•|)erate  to  increase  the  velocity  of  the  Nebula's 
'utation ;  but  when  this  velocity  in  any  case  be- 


came so  great,  that  the  centrifugal  power  of  the 
exterior  portion  or  ring  just  balanced  the  attrae- 
tion  exercised  over  it  bv  the  mass  of  the  Nebuhi 


-  -                                             ■  ■  ■  ,  r^. 

Fig.  6. 
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that  ring  would  necessarily  assume  an  indepen- 
dent character,  and  acquire,  so  to  speak,  a  self- 
sustaining  power ;  it  would  therefore  be  abandoned 
by  the  main  or  parent  mass  at  the  next  stage  of 
condensation,  and  left  as  a  distinct  portion  of 
matter  revolving  in  some  form  around  the  cen- 
tral body.  There  is  no  doubt  whatever  of  the 
mechanical  principles  on  which  these  inferences 
rest;  and  it  is  equallj'  certain  that  there  are 
almost  infinite  chances  against  the  condensation 
of  any  large  or  original  Nebula,  without  the  oc- 
currence of  circumstances  which  would  throw  off 
numbers  of  such  rings ;  so  that,  in  a  more  ad- 
vanced condition,  every  such  mass  might  (if  the 
forms  of  the  thr own-off  rings  had  not  altered) 
present  the  appearance,  as  on  the  preceding  page, 
of  a  large  central  nucleus,  with  subservient  ro- 
tating annuli,  composed  of  quantities  of  matter 
necessarily  very  small  when  compared  with  the 
main  body. 

b.  The  next  step  of  the  inquiry  might  naturally 
seem  to  be  this — What  is  the  probable  ultimate 
condition  or  form  of  these  rings?  We  clearly 
obtain  from  them  our  first  conception  of  the  ori- 
gin of  planetary  or  parasitic  matter  connected 
with  a  central  globe ;  but  we  require  still  to  de- 
termine the  shapes  which  this  matter  will  most 
probably  assume.  Before  taking  up  this  point, 
however,  we  must  ask  the  attention  of  our  readers 
to  the  light  already  cast  on  these  fundamental 
or  constituent  arrangements  of  the  solar  system, 
whose  apparently  inexplicable  character  urged  ns 
on  this  investigation.  It  is  not  difficult  to  see 
that  a  large  part  of  what  seemed  so  puzzlmg, 
has  already  become  quite  intelligible. 

First,  As  the  separation  of  the  rings  resulted 
from  the  centrifugal  tendency  of  the  particles  com- 
posing them,  and  as  this  centrifiigal  tendency 
must  always  be  greatest  at  the  equatorial  region 
of  the  rotatory  mass,  the  rings  must  all  lie  nearly 
in  the  plane  of  that  equator.  Therefore  we  are 
entitled  to  conclude,  that  into  whatever  forms  or 
bodies  these  rings  may  ultimately  be  resolved, 
these  bodies  must  all  lie  nearly  in  one  jjlane — the 
plane,  viz.,  of  the  equator  of  the  central  globe. 

Secondly,  The  rings  being  ciradar,  or,  what  is 
the  same  thing,  the  motion  of  each  particle  com- 
posing them  being  circular,  the  oi-bits  or  paths  of 
whatever  bodies  are  ultimately  formed  out  of 
them,  must  also  be  nearly  circular. 

Thirdly,  As  the  rings  must  continue  to  move 
as  the  nebula  was  moving  when  they  were  aban- 
doned, the  planets  into  whicli  they  may  be  resolved 
7Hust  all  move  in  the  same  direction — thai,  viz.,  of 
the  rotation  of  the  central  orb  or  sun.—Om  subject 
i.-i  thus  rapidly  simjjlifying.  We  have  already- 
even  at  this  stage— deduced  from  this  memorable 
hypothesis  the  necessity  of  the  principal  three  of 
those  fundamental  arrangements  which  gravity 
could  not  explain.    But  let  us  proceed. 

c.  Resuming  our  direct  investigation,  we  in- 
quire now  what  forms  would  such  rings  most 
probably  ultimately  assume?    Tlipre  are  J.hree 
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possible  forms  :  —  1.  The  mass,  if  tolerably 
equable  in  its  original  constitution,  and  undis- 
turbed from  without,  might  settle  down  into  a 
rotating  eing  ;  but  the  chances  against  such  a 
result  are  so  numerous,  that  we  would  expect  the 
phenomenon  to  be  very  rare  in  the  Universe.  2.  If 
the  mass  broke  up  or  separated  while  condensing 
— as  its  own  internal  irregularities  would,  in  all 
probability,  constrain  it  to  do — it  might  divido 
into  a  number  of  portions  so  equal  in  attractive 
energy,  that  none  of  them  would  have  any  ten- 
dency to  coalesce  with,  or  fall  into  the  others ;  so 
that  the  ring  would  ultimately  be  transformed 
into  a  number  of  distinct  small  solid  bodies,  re- 
volving around  the  central  mass  at  nearly  the 
same  distance  from  it.  3.  Even  this  second  sup- 
position, however,  is  not  a  very  probable  one, 
inasmuch  as  its  essential  condition — the  separa- 
tion of  the  mass  of  the  ring  into  equally  balanced 
nuclei — could,  in  the  nature  of  things,  occur  but 
rarely.  By  far  the  likeliest  result  is  the  di\'ision 
of  the  ring  into  nuclei  of  imequal  power — the 
larger  of  which  would,  by  its  superior  attraction, 
assume  the  others  into  its  mass, — the  whole  so- 
lidifying into  one  considerable  globe.  Observe  the 
correspondence  between  these  hypothetical  results 
and  the  character  of  the  bodies  in  our  solar  sys- 
tem !  First,  We  have  a  central  massive  globe, 
with  subservient  globes  engirdling  it,  at  vari- 
ous distances,  and  of  magnitudes  very  inferior. 
Secondly,  The  great  proportion  of  the  planets 
which  compose  our  luminary's  cortege,  belongs,  in 
accordance  with  theory,  to  the  last  of  the  three 
defined  classes  of  forms  into  which  a  rmg  might 
break  up.  Mercury,  Venus,  the  Earth,  Mars, 
Jupiter,  Saturn,  Uranus,  Neptune,  are 
single  globes,  revolving  in  orbits  of  their  own,  and 
around  some  of  them  are  dependent  satellites. 
Thirdly,  In  one  instance  only  would  the  ring  seem 
to  have  divided  into  balanced  parts — we  allude  to 
the  group  of  small  planets,  those  Asteroids  be- 
tween Mars  and  Jupiter  which  have  nearly  a  com- 
mon orbit,  or  which  revolve  at  almost  the  same 
distance  from  the  sun :  and  Fourthly,  We  have 
also,  in  one  solitary  instance,  a  specimen  of  that 
most  singular  of  cosmical  appearances — A  ring 
nearly  in  its  pristine  condition,  and  revolving 
around  the  planet  Saturn. — Other  facts  regard- 
ing this  remarkable  appendage  are  given  under 
Saturn. 

d.  Tlie  general  laws  characteristic  of  the 
planetary  system,  and  the  fbrms  of  the  bodies 
composing  it,  being  thus  apparently  direct  con- 
sequences of  the  Nebular  hypothesis,  let  us  next 
inquire  Avhether  our  speculation  throws  a  cor- 
responding light  on  the  condition  or  attributes 
of  the  several  planets?  Now,  we  think  that 
slight  consideration  will  make  it  evident  that 
these  globes  must  all  rotate  on  axes,  and  also  in 
the  same  duxjction  in  which  they  move  in  their 
orbits.  Let  us  reflect  on  the  true  condition  of  a 
revolving  ring,  as  illustrated  by  the  diagram  on 
next  page. — Seeing  that  tl)g  ring  as  a  whole 
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mrst  go  round  in  tlie  same  time,  it  seems  very 
plain  that  the  particles  of  the  outer  rim  move 
with  a  greater  absolute  velocity  than  those  of  the 
interior  rim;  and,  therefore,  that  the  relations  of 
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the  two  rims  can  remain  fixed  only  so  long  as 
the  ring  shall  continue  entire.  Suppose  the  ring 
broken  up,  and  observe  the  condition  then  of 
any  section  of  it,  a  b  d  c,  the  course  of  revolu- 
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tition  being  supposed  from  b  to  A.    It  will  be  seen 
»at  once  that  the  velocity  of  the  outer  part  is  such 
las  to  carry  the  particle  b  to  A,  in  the  same  time 
llthatD  is  carried  only  to  c.  There  is  a  momentum 
i»r  force  therefore,  in  the  outer  part,  in  the  di- 
rection b  A,  much  greater  than  the  momentum 
>faf  the  mner  part  in  that  direction :  the  former 
must  prevail  therefore,  and  the  segment,  as  it 
oDontmues  to  revolve  around  o,  will  necessarily 
Lqssume  also  a  whirling  or  rotating  motion  in  the 
liiirection  ba  cd;  in  other  words,  the  broken  ring, 
w  any  body  evolved  out  of  it,  must  rotate  on  an 
<l>ixis  in  the  direction  of  its  revolution.    But  still 
uurther: — Not  only  is  this  remarkable  law  of 
^'•otation  a  distinct  result  of  the  speculation  of 
i^aplace,  but  that  most  anomalous  portion  of  our 
system,  viz.,  the  varying  periods  of  the  rotation 
f>f  the  planets,  appears  to  receive  a  singular  elu- 
Bidation.    The  primary  cause  of  rotation  being 
wanifestly  the  excess  of  the  velocity  of  b  a  over 
of  D  c,  its  degree  of  swiftness  w'ill  depend  on 
«ne  magnitude  of  that  excess ;  in  other  words,  on 
"he  breadth  of  the  originating  ring.    Now  the 
rarther  off  any  ring  lies  from  the  central  ^ass, 
-ts  substance  must  be  the  rarer,  or  of  inferior 
'lensity ;  i.e.,  a  larger  amount  of  it  would  be  re- 
;i-uired  to  compose  a  globe  of  given  magnitude, 
jsut  It  would  be  easy  to  demonstrate,  that,  be- 
'ond  the  middle  line  of  the  Asteroids,  the  outer 
lortion  of  the  condensing  Nebula  must  have  been 
'Uenuated  almost  to  an  infinite  degree;  while 
i/ithm  that  line,  especially  at  the  orbit  of  Mer- 
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cury,  the  same  extremity  would  be  comparatively 
dense.  Look  next  at  the  magnitudes  of  the  two 
classes  of  globes  on  either  side  of  the  line— the 
group  of  large  orbs  all  lying  beyond;  and  surely 
it  cannot  be  questionable  that  the  primal  rings  in 
that  farther  region,  must  have  greatly  exceeded 
in  breadth  the  same  class  of  forms  which  gave 
birth  to  Mercury  and  Venus,  the  Earth  and 
Mars.  Here,  then,  appears  the  secret  of  the 
singular  contrast  in  the  rotations  of  the  two  sys- 
tems of  planets ;  and  as  this  concordance,  at  all 

events,  could  never  have  been  foreseen  in 

nowise  entering  among  the  fundamental  condi- 
tions of  our  hypothesis— it  assuredly  yields  no 
slender  support  to  the  views  of  the  illustrious 
Frenchman. — See  Solar  System. 

e.  It  is  abundantly  plain  that  what  has  al- 
ready been  demonstrated  contains  the  solution 
of  the  problem  of  the  Satellites.  Thrown  of£  by 
the  primary  planets,  as  these  had  been  thrown 
off  from  the  Sun,  their  revolutions  must  corre- 
spond in  direction  witii  the  rotations  of  their  cen- 
tral globes ;  they  must  lie  near  the  plane  of  the 
respective  equators  of  the  planets,  and  they  must 
rotate  on  their  axes  as  thej'  revolve  in  their  or- 
bits. Our  remarkable  hypothesis,  therefore,  has 
left  none  unvisited  of  those  difficulties  which 
pressed  on  us ;  all  the  general  arrangements  of 
the  system,  unexplained  by  gravity,  have  emerged 
from  its  capacious  womb.  Strange  indeed  the 
thoughts  with  which,  in  presence  of  such  specu- 
lations, we  must  gaze  on  tliese  brilliant  skies 
1 
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Even  tbat  jcwiellerj'  of  midnight — a  birth,  a  thing 
of  yesterday,  a  step  in  the  awful  march  of  the 
visihle  and  sensible  picturings  of  the  purposes  of 
the  Eternal  Spirit !  Realize  for  a  moment  the 
position  of  a  tenant  of  a  hut  on  the  banlts  of  the 
mighty  Amazon  at  one  of  its  great  bendings ; 
tell  him  that  the  waters,  whose  opposite  banli 
his  vision  can  scarce  reach,  are  not  an  immense 
lake  with  appointed  boundaries,  but  that,  bom  of 
riUs  among  mountains  that  are  unseen,  and  ever 
increasing  in  depth  and  potency,  they  roll  down- 
wards until  a  whole  continent  is  passed,  and  then 
mingle  and  lose  themselves  with  an  ocean  en- 
girdling the  wide  Earth  with  its  everlasting  waves. 
So,  in  the  view  of  these  high  cosmogonies,  seem 
to  roll  on  the  gorgeous  stellar  developments; 
whose  limits  no  eye  can  now  see ;  rising  among 
the  past  depths  of  time  in  some  hidden  purpose 
of  God:  rolling  onward  as  the  ages  flow,  and 
augmenting  as  the  mighty  river,  until  the  boun- 
dary of  Time  is  reached,  and  their  course  ends 
among  the  quietudes  of  Eternity! 

III.  One  further  consideration  remains,  and 
then  our  loftiest  views  of  our  system  are  complete. 
As  that  grand  mechanism  had  a  beginning,  a 
birth  and  progress,  a  growth  towards  its  present 
glorj' ;  can  we,  as  with  the  river,  stretch  onwards 
our  gaze  towards  a  time  when  its  strength  shall 
fail — towards  the  close  of  these  stupendous  ar- 
rangements? In  article  Perturbation,  indeed, 
we  shall  speak  of  security  against  all  disturbance, 
of  the  limits  of  every  inequality,  of  a  seeming 
fitness  for  Eternity:  but  when  using  language 
apparently  so  absolute,  we  refer  only  to  the  perfec- 
tion of  that  mechanism  hy  itself,  and  do  not  ex- 
clude its  dependence  on  loftier  ordinances.  If  for 
instance  aught  of  the  original  Nebula  should  re- 
main, filling  with  an  ether,  however  thin,  the 
interplanetary  spaces,  every  orb  moving  through 
it  would  be  retarded  by  an  amount,  infinitesimal 
probably,  but  definite  withal ;  and  as  sure  in  its 
consequences  as  if  that  quantity  had  been  large. 
Our  readers  cannot  require  to  be  reminded  here, 
how — speaking  generally — the  permanence  of  the 
orbit  of  each  planet  depends  on  the  perfect  balance 
of  two  forces  or  tendencies;  viz.,  the  attractive 
power  of  the  Sun,  and  that  tendency  to  fly  from 
the  centre  whicii  follows  from  the  motion  of  bodies 
being  naturally  in  straight  lines,  and  whose  energy 
depends,  in  each  case,  upon  thero/jiW/Vy  of  the  body's 
motion.   If  the  power  of  either  of  those  balanced 
forces  be  diminished,  it  is  clear  that  the  authority 
of  the  other  will  prevail.    Kelax  Gravity,  and 
the  p'.anct  must  recede  from  the  Sun,  and  its 
orbit  widen  until  a  balance  is  restored.    In  the 
same  manner,  diminish  the  rapidity  of  tlie  body's 
motion,  and,  as  the  centrifugal  force  must  be 
diminished  bv  that  act.  Gravity  will  prevail  ;— 
BO  that  the  body's  orbit  must  be  conlrncted  or 


drawn  in.  Now,  if  a  nebulous  fluid  is  dill  used 
among  the  planetary  spaces,  every  body  which 
moves  through  it  must  experience  resistance,  and 
be  retarded  as  we  ore  bv  the  atmospLero  when 
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we  ride  at  a  rapid  pace;  and  we  should  thus  ex- 
pect a  notice  of  the  ether's  existence  in  the  fact 
of  the  planetary  orbits  gradually  drawing  in,  and 
the  revolving  bodies  approaching  the  Sun.  Un- 
happily, however,  for  this  only  mode  of  observa- 
tion left,  the  planets  are  too  dense,  too  large  to 
be  of  service  in  so  delicate  an  inquiry.  However 
light  and  thin  the  ether,  there  is  no  doubt  that 
it  must  and  will  influence  even  their  motions; 
but  perhaps  by  a  quantity  so  small,  that  the  ac- 
cumulation of  the  perturbations  arising  from  it 
during  the  entire  existence  of  accurate  astronomy 
could  not  render  it  perceptible.   No  trace  of  such 
influence,  indeed,  is  yet  found  in  our  planetary 
tables ;  and  astronomers  would  have  been  left 
in  regard  of  the  whole  subject  to  conjecture, 
which,  however  plausible,  had  yet  no  actual 
or  experimental  ground,  unless  for  a  remark- 
able and  certainly  an  unlooked-for  occurrence. 
Until  recently,  astronomical  science  has  not  been 
able  to  present  a  complete  and  minutely  ac- 
curate view  of  the  orbit  of  any  comet.  The 
general  character  of  the  orbits  of  these  bodies, 
and  the  important  elements  at  least  of  one  of 
them,  have  been  known  since  the  time  of  the 
celebrated  Halley;  but  this  philosopher  knew 
nothing  further  than  the  general  elements  ;  and 
no  orbit  was  laid  down  with  exactness  sufiBcient 
for  the  above  purpose,  until  Encke  of  Berlin  ex- 
amined with  so  much  accuracy  the  conditions  of 
a  body— if  a  thing  so  small  and  vaporous  merits 
the  appellation— which  completes  its  eccentric 
course  around  the  Sun  in  three  and  one- third 
years.    Now  it  appears  probable  that  this  comet 
is  approaching  the  Sun:  on  every  successive 
appearance,  its  orbit  appears  somewhat  contract- 
ed ;  and  there  is  reason  to  believe  that  the  con- 
traction wll  go  on  until  it  is  either  absorbed  in 
that  luminaiy,  or  altogether  dissipated  by  his 
beams.    And  after  searching  earnestly  for  some 
other  cause,  most  inquirers  are  inclined  to  refer 
this   extraordinary  and   hitherto  unparalleled 
change  to  a  resisting  medidji  or  ether  oc- 
cupving  the  planetary  spaces.    "  I  cannot  but 
express  my  belief,"  said  Professor  Airy,  "that 
the  principal  part  of  the  theory— viz.,  an  effect 
exactly  similar  to  that  which  a  resisting  medium 
would' produce— is  perfectly  established  by  the 
reasoning  in  Encke's  memoir ;  "    and  similar 
opinions  have  been  oftered  by  other  great  autho- 
rities.   That  the  Sun,  then,  htis  a  widely  difl'used 
nebulous  atmosiihere— extending  far  beyond  the 
limits  of  the  Zodiacal  Light,  and  if  not  beyond, 
at  least  deep  into  the  planetary  spaces— an  at- 
mosphere of  which  that  light  may  merely  be  the 
densest  portion,  appears  resting  on  a  liigh  degree 
of  probability ;  and  how  singular  is  it  that  we 
should  have  been  guided  to  a  truth  so  remote  and 
diflicult— one  concerning  which  the  grander  phe- 
nomena of  our  system  are  silent- by  the  motions 
of  a  wandering  object,  in  comparison  with  whose 
ethereal  nature,  even  one  of  these  light  flocculi 
or  flakes  of  cloud,  which  scarce  stain  the  sky  of  a 
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snmmer  evening  is  heavy  and  substantial !  But 
though  these  greater  orbs  have  not  spoken  hither- 
to— at  least  so  that  man's  ruder  senses  can  hear 
— of  the  change  manifested  by  the  comet ;  al- 
though no  mark  of  age  has  yet  been  recognized 
in  the  planetary  paths, — as  sure  as  that  &\my 
comet  is  drawing  in  its  orbit,  must  they  too  ap- 
proach the  sun,  and  at  the  destined  term  of  their 
separate  existence  be  returned  into  his  mass. 
The  first  indefinite  germs  of  this  great  organiza- 
tion, provision  for  its  long  existence,  and  finally 
its  shroud,  are  thus  all  involved  in  that  master 
conception  from  which  we  have  endeavoured  to 
survey  the  mechanisms  amid  which  we  are !  Not 
in  confusion,  however,  shall  this  majestic  scheme 
finally  pass  away— not  with  the  jar  and  confused 
voice  of  ruin;  but  even  in  its  own  quiet  and 
majesfical  order,— like  the  flower  which,  having 
adorned  a  speck  of  earth,  lets  drop  its  leaves  when 
its  work  is  done,  and  falls  back  obediently  on  its 
mother's  bosom. 

Neptune.    The  elements  of  this  recently 
discovered  planet  are  given  in  the  article  Ele- 
ments.   The  history  and  method  of  discovery, 
however,  so  aptly  illustrate  the  whole  subject  of 
the  planetary  perturbations,  that  we  shall  give  it 
somewhat  at  length.  The  planets  move  approxi- 
mately in  elliptic  orbits.    If  the  sun  were  the 
only  attracting  body  in  the  svstem,  this  form 
would  be  perfectly  maintained."    But  all  other 
matter  in  the  universe  apparently  attracts  ac- 
cordmg  to  the  same  law  as  the  sun  does ;  and 
what  IS  of  present  importance— the  planets  are 
!  so  near  each  other,  that  each  attracts  the  other 
I  to  an  extent  which  produces  upon  the  orbit  an 
effect  quite  appreciable.  It 
is  easy  to  see  that  the  result 
will  be  to  make  the  absolute 
orbit  of  a  planet  assume,  in- 
stead of  the  regular  elliptic 
form  in  the  diagram,  some 
such  dotted  and  irregular 
form  as  above;  although  the 
diagram  is  a  very  exag- 
gerated representation  of  any 
J,.  actual  case.    We  shall  con- 

•  sider  the  ellipse,  however, 

hto  be  the  normal  or  mean  orbit.     In  such 
d  divergences  from  the  normal  orbit,  as  those 
figured,  a  key  is  to  be  found  for  a  complete 
•"taihematical  deduction  of  the  whole  arrange- 
irments  of  the  solar  system — Any  one  who  looks 
i  for  a  moment  at  a  picture  of  the  solar  system 
'«nd  remembers  that  the  times  of  periodic  revolu- 
lition  of  its  different  component  bodies  are  all 
idiflFerent,  so  that  the  relative  positions  of  all  of 
Jthem  are  incessantly  deranged,  will  at  once  see 
'how  complicated  is  the  problem  which  astro- 
■aomy  presents,  viz.  :_having  given  the  positions 
'tat  any  one  moment— and  the  masses  of  all  the 
li^lanelary  bodies,  to  obtain  expressions  accurately 
•  .escribmg  their  paths  for  all  succeeding  times 
l  l'Ut  the  problem  to  be  resolved  first,  in  astronomy 
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Is  by  no  means  so  simple  even  as  the  foregoing.  Wo 
have  as  data,  in  the  first  instance,  only  the  appar- 
ent planetary  movements.    These  are  the  results 
— following,  it  is  assumed,  according  to  the  ordi- 
nary law  of  gravitation — of  forces  which  vary 
with  all  actual  masses  and  positions,  in  the 
sj'stem.    It  is  at  once  evident,  that  on  every 
member  of  it,  all  act  and  react;  but  that  approxi- 
mate results  may  be  obtained  by  neglecting  the 
less  important  forces.  Thus  Mercury  may  be  con- 
sidered to  be  influenced  almost  entirely'  by  the  sun 
and  the  next  planet,  Venus ;  and  in  such  ways  we 
may  obtain  results  approximately  true.  It  is  dear, 
too,  that  nothing  but  approximations  are  pos- 
sible, because  the  problem  in  its  utmost  rigour  is, 
to  find  out  from  a  finite  number  of  observations, 
however  great,  an  infinite  number  of  unknown 
forces  in  magnitude,  position,  and  direction. 
But  by  using  the  approximate  values  obtained 
in  past  results,— say  the  mass  of  Mercury  or 
Venus,   in  endeavouring  to  obtain  the  mass 
of  the  Earth, — we  can  reach  an  approximate 
value  for  that.    Suppose  now  the  influence  of 
the  force  due  to  it,  upon  Mercury  and  Venus  be 
taken  into  account,  we  shall  evidently  find  for 
them,  more  correct  determinations.   This  system 
of  continuous  approximation  can  clearly  be  car- 
ried on,  until — if  we  know  all  the  planetary 
bodies — we  obtain  from  the  observed  movements 
full  information  respecting  the  system,  to  every 
desirable  accuracy.    In  whatever  way  we  reach 
this,  our  approximations  will  enable  us,  if  we 
know  what  number  of  planetary  bodies  there 
are,  to  obtain  theoretical  orbits  approximat- 
ing as  closely  as  we  choose,  to  the  real  orbits  of 
the  planets.    But  suppose  one  of  the  planets 
incapable  of  reflecting  light.     It  is  clear  that 
upon  the  orbits  next  it,  that  planet  will  pro- 
duce a.  powerful  effect,  quite  incapable  of  being 
explained  by  any  approximations  we  have  ob- 
tained.   That  it  will  derange  all  our  calculations 
respecting  the  whole  system  is  manifest ;  but  the 
less  appreciably  for  the  orbits  at  greatest  dis- 
tances from  it.     Laying  this  down,  we  have 
to  explain  by  some  hypothesis  the  phenomena 
of  irregularity  due  to  this  dark  planet.  We 
can  see  what  orbit  the  planet  most  disturbed 
ought  to  have  if  there  were  no  other  planeta 
but  those  which  we  know;  and  we  know  the 
departures  from  that  orbit  by  observation.  From 
these  departures  then,  it  may  perhaps  be  pos- 
sible to  discover  the  mass  and  character  of  this 
concealed  planet.    This,  as  wo  shall  immediately 
see,  was  the  special  problem  concerned  in  the 
discoyerj'  of  Neptune — It  will  be  convenient  to 
premise  a  few  words  respecting  the  technical 
division  of  the  disturbances  or  perturhations  from 
the  normal  ellipse.    It  must  distinctly  be  under- 
stood that  these  divisions  are  founded  on  no 
differences  in  kind  of  the  causes  for  diflerent  per- 
turbations, but  are  merely  used  for  the  salce  of 
clear  subjective  appreciation  of  the  modes  of 
their  action.    The  prmciple  of  this  separation 
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simply  is,  that  for  the  sake  of  convenience,  we 
count  up,  in  the  first  place,  the  more  obvious  and 
considerable  disturbances ;  then  those  which  are 
somewhat  more  evanescent,  and  extend  pro- 
bably over  a  larger  period;  and  lastly,  those 
which  enclose  within  their  wide  range  the  whole 
conditions  of  our  system — even  in  its  relations 
with  the  fixed  stars, — stretching  our  view  of  the 
harmony  of  the  various  orbs,  onwards  through 
innumerable  centuries.  I.  The  first  and  most 
palpable  description  of  variations,  or  perturba- 
tions, is  what  we  term  periodical.  These  de- 
pend on  the  directions  in  which  the  different 
bodies  lie,  in  regard  of  each  other;  and  they 
simply  affect  each  body's  place  in  its  orbit.  An 
irregularity  of  this  kind,  does  not  affect  the  ellipse 
or  the  species  of  curve  in  which  any  body  moves  ; 
but  it  causes  that  body  to  be  either  be/ore  or 
behind  its  natural  place,  in  that  curve.  The 
method  of  taking  account  of  such,  in  our  calcu- 
lations of  the  place  of  a  planet  at  some  future 
time,  is  extremely  simple ; — we  determine,  by 
another  description  of  inequalities,  in  what  ellipse 
or  curve  the  body  must  then  be  moving,  and 
the  laws  of  the  periodical  inequality  readily 
determine  in  what  place  of  the  ellipse  the  body 
ought  to  appear.  These  perturbations,  too,  have 
generally  very  short  periods ;  and  although  they 
may  often  be  of  much  less  absolute  importance 
than  deflections  which  stretch  over  a  very  wide 
range, —  they  are,  nevertheless,  all-important, 
when  we  are  requu-ed  to  study  the  course  of  the 
planet  only  through  a  short  period  of  time — say 
one  or  two  revolutions.  II.  But,  more  complex 
in  character,  more  difficult  in  determination,  and 
more  remarkable  in  their  results,  are  those  irre- 
gularities or  inequalities  of  the  second  class,  to 
which  the  term  secular — because  of  the  great 
periods  they  involve — has  universally  been  at- 
tached. These  Inequalities  affect  the  orbits  in 
which  the  planets  move — each  orbit,  through 
effect  of  the  actions  of  the  other  orbs  on  the 
planet  to  which  it  belongs,  slowly  passing  through 
modifications,  which  sometimes  occupy  centuries 
in  their  course.  The  relation  of  the  two  sets  of 
perturbations  to  each  other,  has  been  represented 
by  the  following  diagram : — 
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Fig.  2. 

Suppose  A  D  n  c  the  ellipse  in  which  the  body 
moves  at  any  given  period ;  then,  as  ages  pass 


onwards — ^by  the  slowest  and  most  gradual  evo- 
lution— that  orbit  will  modify  itself  and  change 
into  A  F  D  E; — this  is  the  change  indicated  by 
the  secular  inequalities.  All  the  while,  how- 
ever, the  planet  is  not  moving  on  the  surface 
of  the  ellipse,  but  in  a  small  orbit,  A  c  b,  whose 
centre  performs  the  revolution  in  the  main  orbit ; 
and  the  distance  to  which  the  planet  is  carried 
from  that  main  orbit  by  its  motion  in  a  c  n, 
is  the  periodical  inequality.  It  will  be  readily 
discerned  that  the  mechanism  of  the  sj'stem, 
properly  so  called,  consists  in  the  relationship  of 
these  secular  inequaUties ;  for  although  pertur- 
bations of  the  periodic  class  may  affect  consider- 
ably a  planet's  place,  it  is  those  others  which 
interfere  with  the  arrangements  of  the  system, 
which  show  how  essentially  each  single  part 
hangs  on  all  the  rest,  and  which  alone  could 
affect  its  stability.  Indeed  it  is  in  treating  the 
details  of  this  portion  of  the  subject  that  physi- 
cal astronomy  has  manifested  its  greatest  power, 
and  where  it  has  most  discerned  the  perfection  of 
our  planetary  scheme.  Let  us  rest  for  a  moment, 
in  illustration,  on  the  relations  of  Jupiter  and 
Saturn.  These  great  orbs  act  on  each  other  vari- 
ously— producing,  as  our  readers  will  expect, 
perturbations  of  the  periodic  class  ;  but  there  is 
one  great  secular  inequality,  than  which  none 
within  our  system  indicates  more  distinctly  the 
delicacy  of  its  relations.  It  is  an  inequality,  in 
the  course  of  whose  evolutions  the  orbits  of  the 
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two  planets  present  a  case  of  the  most  ex- 
quisite mutual  balancing — almost  as  if  one  were 
shifting  two  balls  on  the  opposite  arms  of  a 
lever,  so  that  the  lever  retain  its  stability.  _  Let 
ABC  represent  the  nonnal  or  mean  orbit  of 
Jupiter,  and  d  E  f  that  of  Saturn;  then,  by 
the  action  of  the  planets  on  each  other  in  the 
course  of  centuries,  the  path  of  Jupiter  contracts 
itself,  slowly  creeps  in  to  an  inferior  limit,  a  B  c' ; 
and  during  that  same  time  Saturn's  orbit  as 
slowly  expands  outwards,  until  its  limit,  »•  E  F, 
is  also  attained :  at  this  point,  the  actions  of  the 
orbs  seem  to  be  reversed — the  or^it  which  ex- 
panded before,  contracting  now,  and  the  other 
likewise  undergoing  the  inverse  change ;  so  that 
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this  exquisite  adjustment  continues — for  ever 
changing,  yet  for  ever  stable !    The  period  of 
these  changes  is  929  years.    It  became  known, 
by  the  comparison  of  ancient  observations  with 
modem  ones,  that  the  orbit  of  Jupiter  must  have 
'  en  widening  as  his  velocity  was  being  retarded, 
—and  Halley  fixed  the  numerical  value  of  the 
iiief(ualit3':  but  it  was  by  the  penetration  of 
science — by  the  genius  of  Laplace — that  the 
nature  of  the  change  was  discovered,  and  the 
I  cM-iod  of  its  cycle  fixed.     The  existence  and 
nature  of  this  inequality  is  certainly  very  re- 
markable ;  but  it  is  chiefly  important  here,  that 
we  apprehend  its  origin.    That  lies  in  a  singular 
'•dattonskip  existing  between  the  mean  motions  of 
'he  iwo  planets — the  fact,  viz.,  that  Jive  times  the 
':'in  motion  of  Saturn  is  very  nearly  equal  to 
ice  the  mean  motion  of  Jupiter:  nor  is  the 
Lsult  peculiar  to  these  planets:  wherever  any 
iich  relation — however  different  numerically — 
xists  between  the  motions  of  any  two  planets 
irtecting  each  other,  it  will  obtain  a  definite 
•xpression  in  perturbations,  in  eveiy  respect 
iianifest,  and  determinable  hy  observation,  like 
he  one  whose  character  we  have  now  explained. 
iHow  discriminating  then,  as  well  as  powerful, 
die  glance  we  now  can  cast  among  the  complexi- 
ities  of  our  system!    Eesuraing  our  preWous 
laj^pothesis  of  an  invisible  planet,  have  we  not 
laere  a  distinct  means,  by  which,  from  the  infor- 
nation  given  by  observation,  we  might  reach 
ihe  most  important  characteristics  of  its  motions  ? 
\As  the  balance  of  Saturn  in  those  remarkable 
^iscillations,  we  would  require  not  a  new  planet 
merely,  but  one  whose  motions  bear  towards 
h.hose  of  Saturn  a  certain  definite  relation;  and 
!i.hdt  relation  would  establish  all  the  important 
i-'acts  regarding  Jupiter's  orbit! — Let  us  refer, 
lowever,  to  the  special  data  from  whose  ex- 
;stence  Neptune  was  determined.    When  the 
!:)lanet  Uranus  was  descried,  it  became  necessary, 
L<i3  we  have  pointed  out  in  the  general  case,  to 
-•e-adjust  the  data  of  the  Solar  System  and  to  fix 
ii.he  approximate  orbit  of  that  planet.    Now  the 
nroblem  came  up  in  the  following  form, — the 
ijuestion,  viz.,  as  to  the  precise  path  of  Uranus — 
he  real  curve  it  describes  in  its  revolution  around 
■he  Sun :  and  there  are  two  very  essential  points 
to  this  matter,  requiring  peculiar  notice.  I.  The 
problem  itself  is  this :  Frmn  a  number  of  observed 
ilaces  of  Uranus,  to  determine  its  entire  path. 
t  is  not  necessary  to  follow  any  planet  through 
•ts  entire  course,  in  order  that  we  lay  down  the 
■  lath  it  regularly  pursues.    Observation  so  com- 
)lete,  would  be  needful  only  if  we  had  no  con- 
«ption  of  the  kind  of  path  in  which  a  planet 
nust  be  moving ;  but,  since  we  have  a  thorough 
snowledge  of  the  grand  law  that  regulates  the 
novementsof  everj'orb  belonging  to  our  system, 
I  few  observations  suffice  to  enable  us  to  con- 
;lude  concerning  any  orb's  entire  habitudes.  At 
he  very  outset,  then,  we  assume  as  the  ground- 
vork  of  our  theory  of  any  planet— and  of  course 
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with  regard  to  Uranus— Me  integrity  of  the  Law 
of  Gravitation  in  the  regions  through  which  that 
planet  moves.    The  problem,  on  the  ground  of 
that  assumption,  is  as  follows :  Reverting  to  the 
mode  in  which  every  planet  must  move,  as  for- 
merlj'  represented  by  the  diagram  (fig.  1),  it  will 
be  seen  that  tlie  phenomena  of  that  motion  are  di- 
visible into  two  parts— ;;??-si,  the  normal  ellipse,  de- 
pending on  the  action  of  the  Sun ;  and,  secondly,' 
the  deviations  from  it,  caused  by  the  disturbing 
action  of  the  planets.    The  two  sets  of  pheno- 
mena, however,  although  distinct,  cannot  be  de- 
termined apart  from  each  other :  it  being  clear 
that  until  we  know  something  of  the  normal 
ellipse,  we  cannot  compute  the  deviations,  as 
these  depend  on  the  distance  of  the  planet  fVom 
all  the  other  bodies  aflFecting  it :  and  again,  so 
long  as  we  do  not  know  the  amount  of  the  dis- 
turbances, we  cannot  fix  how  much  to  take  from 
or  to  add  to,  the  observed  place,  in  order  to 
arrive  at  the  normal  or  undisturbed  ellipse.  The 
problem  is  therefore  by  no  means  an  easy  one :' 
but  when  our  results  do  not  agree  with  prolonged 
observation,  it  is  alwaj-s  open  to  us  to  try  the 
effect  of  an  alteration  o  f  the  normal  ellipse, — an 
alteration,  however,  -vvithin  limits — viz.,  the  pos- 
sibility of  explaining  the  deviations  from  the 
curve  on  which  we  fix,  by  the  action  of  known 
perturbing  bodies. — The  solution,  it  will  be  seen,  ' 
depends,  in  every  view  of  it,  on  our  knowledge  of 
the  mode  of  the  action  of  these  disturbing  bodies. 
This  knowledge  must  be  clear  and  definite;  or 
we  can  reach  no  solution  at  all.  If  any  unknown' 
body,  for  instance,  acts  on  Uranus,  then  the 
foregoing  principles  could  never  enable  us,  from' 
a  few  observations  of  its  place,  to  determine  its 
true  path :  and  therefore  the  work  of  astronomers 
must  in  every  such  case  involve  this  other  sup- 
position —that  we  are  acquainted  with  all  the 
bodies  that  act  on  the  planet.    Any  solution — so 
far  as  we  have  yet  traced  its  progress — thus 
necessarily  involves  three  uncertainties,  viz  : — 
(1.)  The  assumption  of  ike  unmodified  action  of 
gravitation  in  regions  so  remote  from  ihe  Sun  as 
Uranus.   (2.)  The  assumption  that  we  have  fixed 
on  the  true  or  normal  ellipse.    (3.)  The  assump- 
tion that  all  the  disturbing  bodies  are  known  In 
us.    The  first  step  towards  a  practical  solution 
was  taken  by  Laplace,  who  computed  the  rela- 
tive influence  of  Saturn,  Jupiter,  and  the  Sun  — 
neglecting  the  other  planets  at  once  from  their 
distance  and  their  comparative  size — upon  the 
motions  of  Uranus.    It  was  subsequently  found 
in  1820,  by  M.  Bouvard,  that  the  planet,  dis- 
covered to  be  such  by  Herschel  in  1781,  had 
been  before  observed  at  least  fifteen  times,  m-s 
a  fixed  star.     The  record  of  thase  positions 
clearly  narrowed  the  risk  of  error  in  any  theorv 
of  its  motions.     Bouvard   immediately  com- 
menced to  calculate  the  orbit  from  these  ob- 
served phenomena.     The  result  was  that  tha 
orbit  he  deduced  was  found  unsatisfactory  to 
either  set  of  obseivaliuns,  and  its  deviation  from 
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the  older  onex  was  alUnjetlier  remnrhahh ;  in 
otlier  words,  he  found  that  the  very  circumstance 
^vhich  should  have  enabled  him  to  crown  his 
effort  with  complete  success,  was  that  which, 
from  some  unexpected  cause,  rendered  success 
impossible.  So  long  as  he  took  into  account 
both  sets  of  observations,  or,  what  is  the  same 
thing,  so  long  as  he  took  all  available  precautions 
to  avoid  error  regarding  the  habitudes  of  Uranus 
— the  results  of  his  inquiries  seemed  entirely 
en'onoous ;  in  other  words,  they  gave  an  orbit 
inconsistent  with  the  facts  on  which  the  calcula- 
tions weie  based  It  further  appeared,  that  if 
either  set  of  observations  was  assumed  by  itself 
as  the  basis  of  the  orbit  required,  a  result  came 
out  sufficiently  concordant  with  that  set,  but 
wholly  discordant  with  the  other  set;  so  that 
IJouvard  was  obliged  to  conclude  that  these  two 
cliisses  of  facts  were  incompatible.  He  concluded 
to  reject  I'or  the  present  the  older  observations, 
and  to  leave  to  time  their  reconciliation  wth 
the  new,  calculating  the  orbit  in  accordance  with 
those.  But  this  orbit  was  found  to  be  utterly  at 
variance  with  the  course  which  the  planet  pro- 
ceeded to  take  afterwards.  In  the  diagrams  below, 
if  A  B  in  the  first  represent  the  observed  orbit  of 
Uranus,  the  broken  line  will  represent  the  theor- 
etical orbit  from  1781  to  1840.  If  again  in  the 
third,  A  B  represents  the  observed  orbit  from 
1090  to  1771 — the  dotted  irregular  line  repre- 
sents the  theoretical  orbit  of  liouvard.  These 
discrepancies  were  startling  enough.  But  to 
tJiese  was  added  immediately  the  still  greater 
and  more  startling  difficulty  of  the  total  de- 
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parture  of  the  planet  from  Bouvard's  new 
orbit.  No  sooner  had  its  wanderingri  been  re- 
duced to  something  within  moderate  limits,  than 
it  agaia  showed  a  hopeless  irregularity.  Clearly 
then,  Bouvard's  supposition  could  no  longer 
be  entertained.  At  best,  it  was  a  temporary 
and  venturesome  expedient,  whose  simple  object 
was  to  override  a  startling  difficulty ;  that  it 
at  least  had  no  correspondence  with  the  trutiis 
of  nature,  these  new  results  showed  sufficiently. 
How  then  account  for  them  ?  Of  course, 
hypotheses  were  framed  to  cut  the  knot.  Per- 
haps this  irregularitj'  was  real  and  not  apparent. 
Suppose  a  comet  had  struck  Uranus  and  deranged 
its  orbit.  But  now  that  this  new  irregularity' 
had  recurred,  the  explanation  could  noway  be 
adopted.  According  to  all  our  ideas  such  colli- 
sion would  have  been  simply  what  we  should 
call  an  accident.  That  it  should 
repeat  itself  in  this  way — being 
mere  accident — was  impossible.  1  .!  2  ^  -I 
What  other  suppositions  lurked 
at  the  basis  of  Bouvard's  calcu- 
lations ?  Perhaps  there  might  lie 
the  source  of  the  difficulty.  The 
law  of  gravitation  had  been  as- 
sumed. Might  it  not  be  that  in 
tliese  far  spaces  that  law  ceased 
to  operate — that  some  other,  un- 
known, was  substituted  in  that 
outer  kingdom.  A  supposition 
feasible  enough  indeed,  if  the  law 
were  merely  empirical.  But  such 
new  law  had  yet  nowhere  been 
found ;  and  so  many  phenomena, 
at  first  apparently  discordant,  had 
been,  one  after  another,  reduced 
to  that  great  principle,  that  we 
might  well  hesitate.  Evidently 
it  was  impossible  to  admit  any 
hypothesis  of  this  kind  to  ex- 
plain one  solitary  series  of  phe- 
nomena, unless  all  attempts  to 
reduce  them  to  the  old  principle  failed.  Had 
these  been  exhausted  ?  The  reader  will  readily 
answer  that  they  had  not.  There  still  remained 
the  hypothesis,  that  disturbing  forces,  in  posi- 
tions yet  unknown,  might  produce  this  irregu- 
larity. Here  were  piicnomena  adequate  for 
calculation  of  such  causes.  The  problem  s.as 
novel,  because,  up  to  Uranus,  the  planets  had 
all  been  readily  visible,  and  we  knew  where  to 
look  for  all  the  forces.  Had  Uranus  not  for- 
tunately been  discovered,  we  should  have  found 
its  influence  upon  Saturn  disturb  that  orbit,  just 
as  that  of  Neptune  was  now  disturbing  it.  But 
the  difficulty  had  been  escaped,  only  to  recur 
now.  We  must  see,  then,  if  some  planet  yet 
unknown  be  not  the  cause.  Tentative  pro- 
cesses— sweeping  the  whole  of  the  zodiac  with 
our  telescojies  —  might  give  some  hope,  but 
how  long  time  the;/  might  occupy,  it  was  un- 
pleasant to  think.   Leverrier  and  Adams,  almost 
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iinultaneously,  and  witlioul  concert,  resolved  to 
ittenipt  the  in'athematical  problem, — to  seek  from 
hese  startling  phenomena,  what  was  and  must 
>e  the  foreign  influence,  if  the  law  of  gravitation 
leld.    Then  they  might  point  to  where  in  the 
kv  the  disturbing  planet  was  to  be  found,  and 
iLirch  would  discover  it  or  prove  its  absence, — 
vould  establish  or  invalidate  the  fundamental 
1  \  pothesis  of  the  permanence  of  gravitation.  The 
irst  process  was  a  revision  of  past  and  ascertained 
esults.    Perhaps  pre\aous  astronomers  might 
Kive  miscalculated  the  normal  ellipse,  in  which 
L'ranus  was  supposed  to  move.     All  possible 
.  ariations  of  that  were  tried,  and  the  anomalies 
icreased  or  diminished  imperceptibly  accord- 
iigly ;  but  in  mass  they  remained.    There  must, 
herefore,  be  an  unknown  force  disturbing  the 
'.otions  of  Uranus.    Of  what  kind?    A  new 
^anet  for  instance,  or  an  undiscovered  satel- 
ite?    If  the  latter— to  account  for  such  results 
—it  must  have  been  at  least  so  large  as  to 
'je  ■  -vasible,  and  the  disturbances  must  have 
biien  oscillatory.    No  mere  oscillatory  disturb- 
ances could  explain  the  phenomena.    Our  ulti- 
mate hypothesis  is  a  new  planet.  If  other  planets 
oxist  outside  the  orbit  of  Uranus,  the  chief  per- 
titurbing  effect  is  likely  to  be  due  to  one,  and  that 
lithe  nearest.     If  we  can  discover  that  one,  the 
wesidual  phenomena  may  afterwards  lead  us  to 
Hind  others,  but  that  one  must  be  first  searched 
Ibfor.    Let  the  student  refer  to  Bode's  law  of  the 
didistances.    That  law  had  been  strikingly  verified 
b.by  the  discovery  of  the  asteroids.  Everything 
Wed  us  to  infer  that  if  a  new  planet  existed,  it 
•woxild  be  found  at  the  distance  next  in  order, 
iccording  to  the  law.     Still  further,  all  the 
piplanets  move  in  the  comparatively  narrow  belt 
Jof  the  zodiac,  that  is,  in  planes  very  nearly 
(approaching  the  ecliptic.    If  this  hold  respecting 
ttthe  body  sought  for,  we  may  take  the  ecliptic 
litself  as  giving  the  approximate  course.  Assum- 
inng  these  simplifications  then,  the  problem  has 
■become, — "  Is  it  possible  that  the  inequalities  of 
Uranus  are  due  to   the   action  upon  Uranus 
lof  a  planet  situate  in  the  ecliptic,  at  a  mean  dis- 
utance  determinable  by  Bode's  law?    If  so,  deter- 
itmine  all  the  important  elements  of  that  planet." 
1  With  all  these  simplifications  no  light  task  pre- 
*«ented  itself.    Without  them  indeed,  no  analy- 
w\a  of  ours  could  have  answered  thesr  ques- 
titions.   As  they  stood  before  the  solitary  workers, 
bhow  dread  and  awful  must  they  have  seemed. 
SiBy  toilsome  thought  only,  to  call  from  the  Un- 
known a  world  which  no  man  had  seen,  to  pass 
out  into  those  measureless  spaces  and  tell  us  what 
il things  must  be.    No  slowlj'  passing  ages  great 
»with  new  achievements,  can  dim  the  grandeur  of 
the  faith  which  approached  the  presence  of  such 
mysteries,  and  extorted  their  solution. — Thus 
iBtoodtheca.se.    Observation  gives  us  only  the 
•'  total  or  gross  result  of  the  combination  of  a 
1  number  of  unknown  quantities— the  elements  of 
il  tlie  yet  unseen  planet,  and  the  real  elements  of 


this  eccentric  and  irreducible  Uranus;  and  from 
this  total  result  are  to  be  eliminated  the  fullest 
separate  information  regarding  these  commingled 
subjects. — It  is  easj-  to  understand  that  it  may 
frequently  be  possible,  by  neglecting  quantities 
which,  at  different  stages  of  the  process,  we  may 
see  can  produce  no  great  alteration  of  the  final 
result,  to  reach  approximations  to  it.  Suppose 
we  neglect  such,  on  different  sides  as  it  were  of 
what  we  aim  at,  and  so  obtain  limits  between 
which  the  truth  must  lie.  One  manifest  approxi- 
mation would  be  got  by  a  rough  separation  of 
the  unknown  mass,  and  the  unknown  position  of 
the  planet.  The  former  afllects  the  magnitude  of 
the  force,  the  latter  its  direction.  Such  approxi- 
mation made,  it  was  announced  that,  on  the  first 
day  of  the  century,  the  planet  must  have  been  at 
from  243°  to  252°  longitude,  that  is,  within  the  de- 
termined space  of  one-twentieth  of  the  whole 
visible  arc  of  the  heavens.  Using  that  result,  and 
going  back  on  the  calculations,  it  was  not  difficult 
to  obtain  a  second  approximation ;  and,  returning 
to  the  old  observations,  it  was  found  that  the  new 
planet  ought  to  be  at  326°  32'  on  1st  January, 
1847.  The  prediction  was  made,  and  the 
observatorj'  at  Berlin  set  to  examine  into  the 
truth.  In  seeking  for  a  planet,  two  methods 
present  themselves.  First,  see  whether  the  stellar 
body  observed,  have  an  appreciable  disc.  In 
that  case,  it  can  only  be  a  planet.  But  the  planet 
may  be  too  small  for  that,  or  too  distant.  The 
second  process  is  to  ascertain  whether  the  body 
changes  its  relative  position  among  the  adjacent 
stars.  Fortunately  for  the  inquiry,  a  new  and 
most  careful  mapping  of  the  stars  of  the  zodaic 
had  just  been  completed,  by  the  Academy  of 
Berlin ;  and  it  simply  remained  to  find  whether, 
about  the  place  predicted,  a  star  could  now  be 
found,  of  sufficient  magnitude,  to  have  been 
certainly  not  overlooked  in  constructing  the  chart 
That  was  done,  and  the  planet  discovered,  as  of  the 
eighth  magnitude,  at  327°  24'—  an  error  of  52'. 
The  planet  was  found,  and  the  disturbances  ex- 
plained! It  was  found  that  the  planet  had  been 
twice  accurately  seen  before  by  Lalande — these 
observations  serving  the  most  important  ends  of 
veritication.  But  we  are  not  quite  done  with  our 
history.  Now  that  the  new  planet  itself  could  be 
observed,  it  was  evidently  necessary  to  go  back 
over  all  these  tentative  processes ;  and  means  were 
evidently  within  reach  of  obtaining  by  unchal- 
lengeable observation,  all  thefacts  which  long  and 
painful  theorizing  had  approached  to.  Two  most 
startling  results  were  found ;  in  the  prediction  an 
error  of  nearly  a  fourth  of  the  whole  distance,  and 
of  half  a  century — nearly  a  fourth  of  the  whole 
periodic  time — had  been  committed.  Assuredly 
nothing  but  the  rarest  fortime  could  have  pre- 
vented these  mistakes  from  utterlj'  misleading 
us.  Concerning  the  distance,  in  the  first  place — 
Bode's  law  was  certainly  falsified;  which  fact 
immediately  explains  the  discrepancy  respecting 
the  »7ia«s  of  the  planet.    It  is  easy' to  see  that 
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a  smaller  body,  which  is  nearer  another,  may 
produce  an  identical  effect  -witli  a  larger,  wliicii 

2. 

True  position  of  Uranus  and  Neptune  from  1690  to  1770. 


Supposed  position  of  Uranus  and  Neptune  from  1690  to 
1770. 


Fig.  6. 

is  farther  away,  when  all  three  are  in  one  straight 
line.  But  the  error  in  periodic  time  was  more 
vital.  The  true  and  false  planet  could,  by  no 
possibility,  retain  throughout  one  revolution  even 
llie  same  approximate  positions  relative  to  the 
Sun  and  Uranus.  This  is  the  meaning  of  the 
phenomenon  exhibited  in  fig.  2  of  last  dia- 
gram— of  the  discrepancy  of  the  theoretical  orbit 
of  the  false  planet,  and  the  actual  orbit  of  the 
true  one.  Consider  in  tlie  last  figure  below,  n 
to  be  the  position  of  a  body  at- 
tracting a  revolving  planet — a, 
it  is  sufficiently  clear,  will  be  ac- 
celerated or  drawn  onwards  in  its 
course,  during  its  motion  m  ihe 
semi-orbit  A"  A'  A ;  —  more  ac- 
celerated, however,  whilst  in  the 
near  quadrant  a'  a  than  in  the 
quadrant  a"  a'; — and,  on  the 
other  hand,  it  must  be  retarded 
when  in  the  setni-orhit  of  A  a'" 
a";  and  more,  during  tlie  quad- 
rant A  A'"  than  when  in  the  quadrant  a'"  a".  Mi- 
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nute  but  wthal  perfectly  simple  consideration 
would  bring  out  other  facts  of  conserjuence,  as  to 
these  accelerations  and  retardations;  but  what 
we  have  just  stated  will  suffice.  Let  us  now 
examine  then,  with  some  care,  the  figure  which 
shows  the  I'elations  of  the  false  planet  with 
Uranus  from  1690  down  to  1770.  The  epoch  of 
1690  may  be  termed  the  epoch  of  the  conjunction 
of  the  two  orbs,  or  when  the  energetic  retarding 
action  would  begin :  the  action  due  to  the  first 
quadrant,  would  continue  till  1730,  after  which 
the  relation  of  bodies  would  be  that  of  the  second 
quadrant,  and  would  so  continue  till  1760.  These 
entire  efl'ects  are  as  follows : — 

action  of  the  false  planet. 
From  1690  to  1730. — The  powerfid  retardation 

of  the  first  quadrant, — conjunction  having 

just  passed. 

From  1730  to  1760 — Action  of  the  second  quad- 
rant— stUl  a  retarding,  though  less  power- 
ful action. 

From  1760  to  1770.— Action  after  opposition— 
that  of  acceleration,  but  comparatively 
gentle,  and  as  to  quantity  ineffective. 

Let  us  uow  trace,  by  aid  of  the  corresponding 

figure, 

THE  ACTION  OF  THE  TRUE  PLANET. 

From  1690  to  1700 — The  latter  part  of  the 

first  quadrant — the  action  retarding. 
From  1700  to  1737.— Second  quadrant  to  op- 
position— action  retarding. 
From  1737  to  1770 — Second  semi-orbit — action 
accelerative,  growing  in  potency  ;  but  only 
approaching  the  second  quadrant. 
A.  single  glance  will  discern  effective  contrasts  in 
these  two  schemes.    Speaking  generally,  and 

without  regard  to  minutiae,  thej'  are  these:  

(1.)  Immediately  after  1690,  and  for  several 
years,  the  strong  retarding  effects  of  the  false 
planet  have  no  equivalent  in  quantity,  among  the 
actions  of  the  true  planet.  (2.)  Between  the 
years  1737  and  1760,  the  effects  of  the  two  orbs 
are  opposed— that  of  the  false  planet  retarding ; 
and  that  of  the  other  being  accelerative.  How 
happened  it,  then,  that  with  these  discrepancies 
of  effect  for  the  false  and  true  planet,  the  place 
was  correctlj' calculated  within  one  degree — since 
the  periodic  times— and  therefore  the  positions  of 
the  true  and  false  planets  are  so  different  ?  The  ex- 
planation is  tliis.  Though  the  two  are  not  in  gen- 
eral in  the  same  position  relative  to  Uranus,  there 
will  be  intervals  of  accordance,  among  the  great 
periods  of  disaccordance.  Roughly,  for  instance, 
if  the  periodic  times  be  150  and  200  years  re- 
spectively, they  will  be  in  accordance  once  every 
600  3'ears — for  if,  at  any  one  point  of  time  they 
are  so,  after  600  years,  the  one  has  completed 
four  and  the  other  three  revolutions,  and  cacb 
has  returned  simultaneously  to  the  point  from 
which,  at  the  beginning  of  that  time,  it  had 
started.  Now,  when  two  planets  are  in  the  re- 
lative opsitions  of  a  and  B  in  the  last  dia^nani, 
the  distance  is  unimportant,  if  we  may  cliaiit'e 
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le  mass  correspondingly.  And  it  is  clear,  that 
e;ir  the  point  A  of  the  orbit,  changes  of  dis- 
tnce  of  the  planet  b  from  the  planet  a  will  have 
le  least  possible  effect  in  altering  the  motions  of 
It  happened  that  at  the  time  when  the 
lanet  was  discovered  this  was  the  position  of 
latters,  so  that  the  very  small  error  due  to  the 
Toneous  assumptions  which  had  been  made — in 
le  strictest  accordance  with  analogy — almost 

nipletely  disappeared.  Scarcely  at  any  other 
me  could  the  problem  have  been  attacked  with 
ii.h  success.  Certainly  no  less  worthy  had  been 
le  achievement  and  the  effort — but  the  seal  and 
surance  of  victory — the  Result — might  have, 
r  half  a  century,  escaped  astronomers.  Let  us 
jlieve,  it  can  be  no  barren  fact  that  such  not 
remature,  but  most  unlikely  honour  has  crowned 
le  Analytical  Science  of  our  time.  About 
le  question  of  priority  of  discovery,  one  word  is 
ifficient.  Leverrier  and  Adams  reached  their 
suits  independently.  The  priority  of  publica- 
on  is  due  to  Leverrier, — though  no  fault  of  Mr. 
dams, — that  of  discovery  as  unquestionably  due 

our  countryman.  The  question  of  precedence 
ipears  absolutely  insignificant.  Their  honours 
list  be  shared  alike.  Each  did  the  same  work ; 
id  will  win  from  history  the  same  award.  See 

ATTELLITES. 

IVight.  Properly  that  portion  of  the  twenty- 
ur  hours  during  which  the  sim  is  below  our 
)rizon,  or  rather  our  horizon  above  the  sun. 
lie  twilight  and  the  dawn  are  not,  however, 
■nsidered  as  parts  of  the  night. — Anciently,  by 
e  Eastern  nations,  Night  was  divided  into  three 
yiches.    The  Romans,  and  the  Jews  after  they 
came  subject  to  Rome,  divided  it  into  four 
atches,  commencing  at  sunset,  and  ending  at 
inrise.   The  ancient  Gauls  and  Germans  divided 
leir  time  not  into  days,  but  into  so  many  nights ; 
id  the  modern  Icelanders  and  Arabs  follow 
le  same  practice. — The  length  of  night  varies 
liefly  with  the  position  of  the  sun,  according  to 
hich  he  describes  more  or  less  than  a  semicircu- 
r  arch  in  the  visible  heavens.    See  Day. 
IVotlcs.  The  points  of  a  planetary  or  cometary 
bit  that  cut  the  ecliptic ;  and,  by  extension  of 
'■aning,  the  points  where  the  orbit  of  a  satellite 
Its  that  of  its  primary.   The  node,  is  called  the 
)'le  (i.e.,  knot)  of  the  first  orbit  upon  the  second, 
he  node,  when  the  planet  is  passing  northerly, 
called  the  ascending  node  or  dragoiis  head,  and 
emphatically  marked  Q,.    The  other,  when 
eiB  planet  is  passing  southwardly,  is  called  the 
tacending  node  or  dragon's  tail,  and  is  marked 
■us,  23 . — The  positions  of  the  nodes  of  every 
•Janet  make,  in  a  certain  time,  a  revolution 
Tjongh  the  signs  of  the  ecliptic,  and  a  real 
'  volution  around  an  actual  great  circle  in  the 
•lavens.    This  peculiar  change  of  node  is  the 
«nlt  of  a  perturbation  depending  on  the  fact, 
Hat  the  bodies  of  our  solar  system  are  not 
ilithin  the  same  plane.    It  Ls  the  consequence 
I  the  action  of  the  perpendicular  part  of  the 
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disturbing  forces;  and  so  in  other  cases.  See 
Lunak  Theory  and  Precession. 

Norma.  The  rule.  One  of  Lacaille's  constel- 
lations between  Scorpio  and  Lupus.  It  has  no 
star  above  the  fifth  in  magnitude. 

Normal.  A  perpendicular  to  the  tangent  to 
a  curve  at  the  point  of  contact,  is  called  a  normal. 
For  full  technical  expressions  giving  the  equa- 
tion of  the  normal,  see  Gregory's  Solid  Geometry. 

Nucleus.  A  term  given  to  the  condensed  por- 
tion of  the  mass  of  a  comet.  Hence  it  is  applied 
to  any  part  of  a  whole  which  is  more  opaque 
than  the  rest,  as  it  is  supposed  that  this  contains 
the  denser  matter.  The  term  is  frequently  em- 
ployed in  the  cometary  and  nebular  theories. 

Numeration.  The  method  of  expressing 
numbers  by  definite  signs.  The  history  and 
forms  of  the  special  symbols  used  for  different 
numbers  by  different  nations  will  be  found  pretty 
copiously  detailed  in  the  treatise  on  Arithmetic  in 
the  Encyclopedia  Metropolitana.  The  ancient 
Greek  method  of  reckoning  numbers  had  a  special 
character  for  every  number,  and  several  systems 
retain  this.  The  principle  of  numeration,  how- 
ever universal  in  civilized  societj',  is  that  of 
giving  different  value  to  the  same  signs  by  local 
position.  Thus  the  same  sign  serves  for  two  en- 
tirely different  things,  and  yet  a  clear  distinction 
can  be  made  between  them.  In  the  method  of 
undeterminate  co-efiicierits,  where  we  have  such 
a  quantity  as  a»  -j-  4  a*  -|-  3  -|-  2  -j-  9 
a-\-  6,  we  mark  only  the  co-efBcients  1  4 
-|-3-i-2-|-9-|-6,  and  this  serves  us  until  the 
end  of  the  question.  In  the  methods  of  nume- 
ration which  we  adopt,  we  take  10  as  a,  and 
any  number,  such  as  10^  -j-  4  X  10*  3  X  10^ 
-f-  2  X  10=  -j-  9  X  10  -f  6,  can  be  expressed 
as  1  -|-  4  -f  3  -|-  2  -}-  9  4-  6,  and  thus  used 
the  same  as  the  other  till  the  termination  of  a 
question ;  and,  in  fact,  kept  so,  until  we  need  to 
have  a  very  clear  idea  of  the  actual  number  ex- 
pressed. In  the  undeterminate  co-efl5cients  the 
signs  are  interposed,  but  in  the  system  of  nume- 
ration it  is  not  necessary.  In  the  former,  in 
general  expressions,  sometimes  negative  signs 
are  employed,  but  in  this  it  is  never  needful, 
and  therefore,  for  the  sake  of  uniformity,  never 
attempted.  Hence  the  expression  becomes 
143296.  It  is  evident  that  any  ordinary  whole 
number  can  be  put  under  the  form  a;  a"  -j- 
y  a"  — '  -|-  2  a"  —  2,  &c.,  the  only  condition  being 
that  X,  y,  z,  be  less  than  a.  Thus  to  take  129(i^ 
which  is  to  be  put  under  the  form  of  successive 
powers  of  6,  we  have  just  to  divide  it  by  those 
terms  thus—      5  |  1296 

0  I  259—1 

5  I     51  —  4 

5  I  10—1 

2  —  0 
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and  we  ■will  have 

1296  =  5  X  259  +  1  =  6  X  (5  X  51  +  4) 
+  1  =  5  ^5  (5  X  10  +  1)  +  4^  +  1 

=  5  js  ^5X(-X2  +  0)  +  l^-|-4|  +1 

=  2X5* +  0X53 -fix  5^  +  4x5  +  1 

Similariv,  any  number  can  be  brought  to  such  a 
form,  and,  therefore,  one  fixing  upon  the  value 
of  tlie  constant  a,  which  in  our  notation  is  10, 
we  can  express  any  wliole  number  by  powers  of 
10,  leaving  these  to  be  supplied  from  the  rela- 
tive positions  of  their  co-efficients.  The  decimal 
method  of  expressing  fractions  in  the  same  system 
is  given  in  all  arithmetical  works.— The  choice 
of  the  number  is  evidently  caused  by  the  number 
of  the  fingers.  The  numbers  5  and"20  have  also 
been  chosen.  The  latter  gives  too  many  separate 
characters— nineteen  of  them— for  familiar  use, 
and  the  former  makes  numbers  which  we  have 
frequently  to  use,  expressed  by  too  many  figures. 
The  number  12  has  also  been  sugijested,  and  an  at- 
tempt was  made  to  introduce  a  uniform  duodenary 
system  in  Sweden.  The  great  number  of  the 
aliquot  parts  of  12  and  its  power  compared  with 
tliose  of  10  is  the  inducement  to  this,  and  had  we 
to  choose  over  again,  it  would  in  all  likelihood 
be  adopted.  The  duodenary  has  been  extensively 
introduced  iu  the  measurements  of  quantity— as 
inches,  pence,  &c. ;  and  this,  since  the  denary 
must  be  employed  in  abstract  arithmetic,  is  a 
serious  evil,  already  removed  in  France,  and  soon 
to  be  so  here  likewise. 

IViitation.  A  small  motion  of  the  earth's 
axis  like  what  the  axis  of  a  top  frequently  has 
■when  the  top  is  moving  \  ery  rapidly  round'.  It 
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must  not  be  confounded  with  that  much  more  im- 
portant motion  of  precession— also  affecting  tin 
earth's  axis.  Under  nutation  the  complete  reva- 
lution  is  accomplished  in  about  nineteen  years 
only,  while  the  period  of  the  complete  motion  of 
precession  is  about  25,868  years.  In  fact,  they 
combine  to  produce  a  total  motion  something 
like  that  of  a  circle  which,  all  round  the  edges,  ij 
indented  outwards  and  inwards,  like  an  India 
rubber  ring,  pressed  inwards  at  various  equal 
intervals  round  its  rim,  and  therefore,  bulging 
out  between  them.  There  are  about  ^-^^ 
or  1362  of  these  little  intervals  round  the  large 
circular  curve  of  precession.  The  movement  of 
nutation  is  thus  a  gyratory  motion  in  a  small 
ellipse  of  18"-o  for  its  major,  and  of  13"-74  for 
its  minor  diameter,  which  the  axis  accomplishes  in 
nineteen  years.  The  major  axis  of  this  little  ellipse 
is  directed  towards  the  pole  of  the  ecliptic,  and  the 
shorter,  is  at  right  angles  to  it  Since  the  pole  is 
the  point  upon  which  the  accurate  position  of  the 
equinoctial  circle  depends,  the  point  where  it  cuts 
the  ecliptic  wiU  vary  with  this  motion,— that  is, 
there  will  be  a  definite  effect  upon  the  position  of 
the  equinox  exercised  by  every  such  change.  It 
is  at  its  greatest,  only  18"-5  in  nineteen  years,  or 
about  1"  per  annum,  sometimes  increasing  pre- 
cession, apparently  to  that  amount,  when  it  is 
acting  in  the  same  direction,  and  sometimes  dimin- 
ishing it  -when  it  is  acting  in  the  opposite  direc- 
tion. The  physical  cause  of  nutation  is  precisely 
that  of  precession.  And  if  the  moon's  orbit  had 
been  co-incident  with  the  ecliptic,  we  should 
simply  have  had  a  luni-solar  precession.  Nuta- 
tion mainly  arises  from  the  changes  of  the  moon 
in  latitude,  and  passes  through  phases  correspond- 
ing with  the  changing  relations  of  our  satellite 
towards  the  equatorial  ring  or  protuberance.  For 
a  full  discussion  of  this  subject,  see  PKEOiissioa 
and  Staiw. 
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Oblate.    See  PpuKRoro. 

Obliquity.  The  angle  which  the  various 
planetary  orbits  make  with  the  eclijHic  are  re- 
spectively the  obliquities  of  these  orbits.  The 
term  is  chiefly  applied  to  the  ecliptic,  or  orbi*-  of 
the  earth, — the  angle. which  it  makes  with  the 
equatorial  circle  is  called  the  obliquity  of  the 
ecliptic.    See  Ecliitic. 

Objcct-Cilnss.  Tlie  object-glass  of  a  tele- 
scope or  microscope  is  the  lens  or  system  of  lenses 
nearest  the  object  contemplated.  Its  function  is 
to  form  a  correct  image  of  that  object  within  the 
tube.  It  ought,  therefore,  to  be  free  from  spheri- 
cal aberration,  and  to  be  achromatic.  Achro- 
matism is  produced  by  making  the  object-glass 
of  two  lenses  having  different  dispersive  powers 
— the  one  lens  being  convex,  and  the  other  con- 
cavo-conve.\.  Such  a  compound  lens  will  give  a 
colourless  image,  when  the  foci  of  the  two  lenses 


are  in  the  proportion  of  their  dispersive  powers. 
The  substances  usually  employed  are  crown  glass 
and  flint  glass — their  dispersive  powers  being  as 
*6  :  1 : — and  an  achromatic  object-glass  might 
therefore  be  obtained  by  employing  a  convex 
crown  glass  lens  of  6,  60,  600,  &c.,  inches  in  focal 
length,  in  connection  with  a  concavo-convex 
flint  glass  lens  of  10,  100,  or  1,000  inches  of  focal 
length. — In  regard  to  spherical  aberration.  Sir 
John  Herschel  has  shown  that  a  double  object- 
glass  will  be  nearly  free  from  it,  if — while  the. 
radii  of  the  interior  surfaces  of  the  lenses  be 
computed  to  produce  achromatism — the  radius  of 
the  exterior  surface  of  the  crown  glass  be  6-72, 
that  of  the  flint  14-20,  and  the  focal  length  of 
the  combination  10  0,  To  correct  this  aberration 
farther,  triple  combinations  have  been  resorted  t»i 
viz, ;  two  convex  lenses  of  crown  glass,  havinft 
between  them  a  double  concave  of  flint.    But  it 
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so  much  more  difficult  to  construct  such  lenses 
•curately,  that  artists  do  not  now  employ  them. 

■nerally  speaking  the  two  lenses  of  the  achro- 
;itic  are  in  close  contact ;  but  in  some  tele- 
opes,  called  dialithlc,  there  is  a  considerable  space 
'tween  the  two, — an  arrangement  that  permits 

the  flint  glass  being  of  inferior  diameter. — 
he  object-glass  being  the  great  collector  of  light 
I  telescopes,  it  is  of  course  of  the  utmost  conse- 
leiice  that  it  be  of  as  great  a  diameter  as  can  be 
)tained.  But  from  the  viscous  nature  of  glass 
:  the  molten  state,  it  is  most  difficult  to  obtain 
Tge  blocks  or  sheets  of  it,  sufficiently  uniform 
>  make  it  applicable  to  astronomical  purposes, 
lie  artist  who  first  of  all  succeeded  in  obtaining 
iinogeneous  masses,  was  Guinand  of  Brenetz,  in 
witzerland.  He  wrought  subsequently  in  con- 
jction  with  Frauenhofer  at  Munich.  Guinand 
nained  success  up  to  13*2  inches  in  diameter, — 
lis  glass  is  now  at  Markree  Castle  in  Ireland, 
aving  been  purchased  by  Mr.  Cooper.  The  manu- 
cture  has  continued  at  Munich  with  increasing 
iccess,— M.  Merz  having  produced  admirable 
iject-glasses  of  sixteen  inches  in  diameter.  A 
ii  iiig  attempt  was  recently  made  in  England  by 
le  Messrs.  Chance  of  Birmingham.  They  con- 
ructed  a  disc  of  twenty-four  inches  in  diameter 
r  the  Rev.  Mr.  Craig,  the  enterprising  vicar  of 
eamington :  and  since  then  they  have  produced 
disc  of  twenty-nine  inches,  weighing  two  cwt. 
■  ith  what  absolute  success  cannot  yet  be  asserted, 
•  the  great  telescope  at  Wandsworth,  erected  by 
Ir.  Craig,  having  been  found  defective  as  to  the 
irreclion  for  spherical  aberration ;  and  the  other 

c  not  having  been  ground.    But  it  is  to  be 

ipd  that  the  most  acceptable  and  necessary 
lief  from  the  vexatious  pressure  and  interfer- 
ice  of  excise  duties — a  boon  weowe  to  Sir  Robert 
eel — will  enable  our  great  glass  manufacturei-s 
1  overcome  existing  difficulties  by  aid  of  multi- 
lied  and  incessant  eflbrts  and  experiments. 

Observation  and  Experiment.  The  two 
ilijects  named  in  our  title,  and  which  we  pur- 

-ely  consider  together,  are  the  two  grand  means 
V  which  the  facts  of  Nature  are  ascertained  and 
'  examined  that  we  may  the  more  readily  dis- 

m  the  laws  of  the  sequence  of  plienomena. 
/js  rvalion  signifies,  as  the  word  itself  indicates, 
l  i  direct  scrutiny  of  any  event  or  appearance 
rf  ^c-nted  ill  the  ordinary  course  of  Nature.  Ex- 

I'iment,  on  the  other  hand,  signifies  the  arti- 

lal  reproduction  of  a  natural  phenomenon,  and 

:  examination  of  it  under  circumstances  wliich 
may  vary  at  pleasure.  Experiment  evidentlv 
I' ludes  Observation,  and  offiirs  besides  vast  faci- 
ties  for  the  analysis  of  complex  facts ;  but  each 
H-thod  has  its  legitimate  sphere  and  its  peculiar 
Ivantages  within  that  sphere.     When,  from 

•cfs,  we  desire  to  ascend  to  their  unknown 
it  is  plain  that  Observation  must  ever  bo 
chief  mode  of  inquiry,  because,  so  long  as  the 
iu.se  is  unknown,  we  cannot — unless  tentatively 
-produce  the  effectj  and  even  teiitutivo  methods 
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mast  rest  on  hypotheses  suggested  by  previous 
Observation.  When,  on  the  other  hand,  a  cause 
is  producible,  and  we  desire  to  observe  it  under 
all  circumstances  and  to  discover  the  pure  laws 
of  its  action  or  the  mod  ;  in  which  it  intermingles 
with  other  causes  in  evolving  the  complex  phe- 
nomena around  us,  our  precious  instrument  id 
Experiment.  Thus,  while  Observation  is  required 
for  the  successful  pursuit  of  all  sciences,  the 
resources  of  Experiment  are  not  everj'where  avail- 
able. Astronomy,  for  instance,  rests  on  Obser- 
vation alone :  we  cannot  reproduce  the  celestial 
motions  within  our  ph3'sical  laboratories.  In  the 
field  of  physics,  again.  Experiment  is  our  power- 
ful arm;  in  that  field  we  have  the  freest  and 
fullest  choice  of  the  circum.stances  within  which 
we  may  reproduce  and  therefore  analyze  the 
causes  or  phenomena  under  scrutiny.  Chemistiy 
ranks  after  phy.sics.  Nothing  can  be  accom- 
plished in  chemistry  unless  by  Experiment ;  but 
as  the  concurrence  of  certain  conditions  is  generally 
indispensable  to  the  success  of  chemical  experi- 
ments, our  choice  of  circumstances  is  not  so  free 
nor  our  power  to  vary  them  so  complete,  as  in 
physics.  Experiment  is  also  applicable  to  the 
physiological  sciences,  but  under  restrictions 
much  more  serioss.  In  all  experimental  inquiry 
in  this  wide  and  engaging  field,  it  is  imperative 
that  the  fundamental  condition  of  life  be  main- 
tained,— life,  too,  in  its  normal  state;  and  thi.s 
demands  a  concurrence  of  very  complex  condi- 
tions external  and  internal,  which  admit  of 
being  varied  only  within  extremelj'  narrow 
limits.— We  shall  remark  briefly  on  the  essen- 
tialia  of  the  two  methods. 

(1.)  Observation. — There  are  two  condition.? 
under  which  we  observe  phenomena; — either 
through  aid  of  instruments,  or  without  such  aid. 
If  we  observe  by  means  of  instruments,  it  Ls 
manifest  that  the  accuracy  of  the  instrument 
must,  in  the  first  place,  be  most  carefully  tested, 
— a  subject  already  considered  under  Correc- 
tion and  Eruoks.  But  whether  the  Observer 
employs  the  medium  of  an  instrument  or  not,  the 
accuracy  of  his  recorded  results  will  depend 
ultimately  on  the  accuracy  of  his  senses,  and  the 
conscientiousness  he  brings  to  the  task  engaging 
him.  There  are  two  classes  of  delusions  against 
which  every  good  observer  must  be  ever  on  his 
guard.  First,  what  may  be  termed  involuntary 
e7Tors, — errors  depending  on  peculiarities  in  his 
senses,  or  on  temperament.  These  are  constant, 
and  may  be  measured  and  allowed  for.  Errors 
arising  from  imperfections  of  the  Senses  are 
easily  discovered,  and  guarded  against ;  for 
instance,  no  man  afflicted  with  Daltonism  in  anv 
of  its  varied  phases,  could  conscientiouslv  pro- 
nounce on  questions  involving  an  appreciation  of 
colour.  The  errors  of  Temperament  are  less  easilv 
caught,  because  generally  they  are  not  sus|iectet'L 
For  illustration  of  them,  see  Personal  Equa- 
tion. But  there  is  a  second  source  of  error  on 
the  part  of  the  Observer  that  cannot  be  termed 
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involuntary.  It  is  his  tendency  to  see  things  as 
he  desires  them,  his  lack  of  impartiality,  the 
absence  in  his  case  of  that  grand  humility  which 
has  annihilated  self,  and  placed  the  soul  as  a 
child-liiie  learner  in  face  of  God's  Universe.  No 
man  worthy  of  the  name  of  Inquirer,  can  now  be 
found  within  the  sphere  of  the  physical  sciences 
at  least,  with  daring  enough  to  say  that  he  saw 
what  he  did  not  believe  he  saw.  Nevertheless, 
there  are  multitudes  who  have  not  acquired  this 
highest  knowledge,  viz.,  that  the  elaborate  descrip- 
tion of  a  thousand  so-called  facts  as  they  ap- 
pear through  their  coloured  spectacles — ie.,  as 
modified  by  theoretical  views,  or  probably  bj'  com- 
bativeness  and  bad  temper — avails  nothing,  in 
comparison  with  the  faithful  description  of  one 
solitary  phenomenon  as  it  really  is.  Eighteously 
however,  may  it  be  claimed  for  physical  science, 
that  within  its  domains  an  example  of  true  con- 
scientiousness has  been  set,  which  if  followed  in 
other  regions  of  inquiry  would  go  far  to  regene- 
rate the  world.  It  is  not  in  physics  that  a 
Man's  bias  towards  the  Emission  Theory  of 
Light,  or  its  opponent  the  Wave  Theory,  would 
be  held  satisfactorily  or  respectably  accounted 
for,  by  the  circumstance  that  he  belonged  to  the 
Agricultural  or  to  the  Commercial  class ! — verb, 
sap.  sat.  Carefully  however  and  conscien- 
tiously as  the  observer  may  act,  he  is  still  to 
some  extent  deceived;  and  the  circumstances 
under  which  he  observes  are  more  or  less  favour- 
able. Hence  the  consideration  of  what  is  tech- 
nically termed  the  Weight  of  an  Observation. 
On  this  important  point  information  will  be 
found  under  Ekror,  Correction,  Proba- 
bility, and  Squares  the  Least.  It  scarcely 
requires  to  be  remarked  that — all  things  else 
being  equal — a  man  is  a  good  Observer  in  pro- 
portion to  his  knowledge  of  his  subject.  It  is 
that  alone  that  can  instruct  him  as  to  the  spe- 
cialties of  the  complex  phenomena  to  which  atten- 
tion should  be  directed. 

(2.)  Experiment, — Experiment  is  not  the  mere 
art  of  reproducing  or  manifesting  a  special  phe- 
nomenon. It  is  the  art  of  so  reproducing  or 
manifesting  it,  that  the  laws  to  which  it  is  sub- 
ject may  be  the  more  readily  discerned.  The 
spheres  of  Observation  and  Experiment  have  been 
already  defined;  it  remains  that  we  enunciate 
the  principles  which  govern  everj'  philosophical 
experimenter.  Those  laws  are  given  as  they  are 
stated  in  one  of  the  few  very  remarkable  books 
of  our  time— Mr.  Mill's  System  of  Logic, — a 
book  that  has  now  its  permanent  and  classic 
place  beside  the  great  Organons  of  former  ages. 
The  leading  methods  of  experimental  inquiry 
may  be  classed  as  tioo,  viz.: — The  Method  of 
Agreement  and  the  Method  of  Difference.  Their 
Canons  are  as  follows :— First.  If  two  or  more 
instances  of  the  phenomenon  under  investigation 
have  only  one  circunutance  in  common,  the  cir- 
aimstance  in  which  ahne  all  the  instances  agree, 
is  (he  cause  (or  effect)  of  the  given  phenomenon. — 
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Second.  If  an  instance  in  which  the  phenomena 
under  investigation  occurs,  and  an  instance  in 
which  it  does  not  occur,  have  every  circumstance 
in  common  save  one,  that  one  occurring  only  in 
the  former ;  the  circumstance  in  which  ahne  the 
two  instances  differ  is  the  effect,  or  cause,  or  a 
necessary  part  of  the  cause  of  the  phenomenon. — 
Third.  If  two  or  more  instances  in  which  the 
phenomenon  occws  have  only  one  circumstance 
in  common,  while  two  or  mare  instances  in 
which  it  does  not  occur  have  nothing  in  common 
save  the  absence  of  that  circumstance ;  the 
circumstances  in  which  alone  the  two  sets  of 
instances  differ  is  the  effect,  or  cause,  or  a 
necessary  part  of  the  cause  of  the  phenomenon. 
— Fourth.  Subduct  from  any  phenomenon  such 
part  as  is  known  by  previous  inductions  to 
be  tlie  effect  of  certain  antecedents,  and  the  re- 
sidue of  the  phenomenon  is  the  effect  of  the  re- 
maining antecedents. — Fifth.  WJiatever  pheno- 
menon varies  in  any  manner  whenever  another 
phenomenon  varies  in  a  particular  manner,  is 
either  a  cause  or  an  effect  of  that  phenomenon,  or 
is  connected  with  it  through  some  fact  of  causa- 
tion From  the  foregoing  five  Canons  which  in- 
clude and  circumscribe  the  entire  subject,  all 
practical  rules  for  productive  experimenting  may 
at  once  be  deduced. 

Obscrvatoi-y.  A  building  expressly  set  apart 
for  the  conduct  of  observations  concerning  any 
great  class  or  series  of  natural  phenomena.  The 
Observatories  now  existing  are  of  three  kinds : — 
(1 .)  Observatory  Astronomical. — Observatories 
for  detecting  and  measuring  the  motions  of  tlv 
heavenly  bodies,  and  for  scrutinizing  their  physi- 
cal structure,  are  now  wide-spread  in  all  cultivated 
countries ;  nor  is  the  triumph  of  the  mechamc;i' 
arts,  as  well  as  their  vast  importance  as  the  hand 
maids  of  science,  anywhere  more  emphatically 
manifested. — The  prime  essential  of  an  astrono 
mical  observatory  is  fxity.  Professing  as  its  aim. 
to  detect  external  changes  of  place  so  small  th;r. 
they  may  almost  be  termed  evanescent,  it  is  cle;i; 
that  the  instruments  with  which  it  is  furnishe  d 
must  themselves  be  stable.    Hence  the  impor- 
tance of  the  foundation  on  which  an  Astronomica: 
Observatory  rests.  The  best  of  all  is  a  hard  an< 
stift'  till  or  clay, — a  material  of  no  appreciabl' 
elasticity,  and  which  no  superincumbent  weigli 
will  appreciably  compress.    Rock  is  not  com- 
pressible, but  it  is  more  elastic  than  till,  an  ; 
therefore  transmits  tremors.   It  is  almost  needle*- 
to  say,  that  the  stone  pillars  on  which  the  instni- 
ments  are  placed,  must  be  wholly  isolated  from 
the  floors  or  other  parts  of  the  building  that  cover- 
them  in.  But  after  all  precautions,  these  instni 
mental  supports  Avill  seldom  be  found  wholly  re- 
liable: in  cases  where  absolute  stability  migL; 
have  been  expected,  periodic  changes  have  been 
traced, — or  irregular  expansions  and  contraction? 
following  the  order  of  the  seasons.    It  is  for  tbi 
observer  to  determine  the  nature  and  amount  oi 
these  in  each  case. — The  foundation  provided  fur 
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id  its  exigencies,  the  builder  of  an  Observaton* 
ill  next  search  for  a  good  horizon,  and  attempt 
-ecure  comparative  freedom  from  atmospheric 
-i  ructions.    The  requisite  horizon  is  not  now 
light,  as  formerly,  by  placing  the  instruments  on 
t'ty  towers,  to  the  great  and  manifest  detriment 
the  first  requisite  of  stability:  it  is  obtained 
the  selection,  as  a  site,  of  a  broad  eminence  of 
le'-ate  elevation ;  but  which  is  sufBciently 
to  overtop  surrounding  buildings.  Atmo- 
'heric  obstructions   are  not  easily  avoided, 
enerally  speaking.  Observatories  are  connected 
ith  large  cities;  and  it  is  for  the  engineer  to 
V  on  a  site  as  free  as  possible  from  the  fogs  that 
evaU  in  low  swampy  grounds,  or  the  smoke 
-uing  from  factories,  &c.  It  is  unfortunate  that 
cotmtry  like  Great  Britain  has  not  made  more 
;  tensive  use  in  this  respect  of  the  unequalled 
portunities  afforded  by  its  colonies,  and  the 

her  possessions  which  compose  its  Empire  

lie  instruments  essential  to  a  well  furnished  As- 
>aomical  Observatory  are  not  numerous,  but 
ey  must  be  choice,  and  are  very  expensive, 
aey  are  of  two  classes,  viz. ;  Meridional  Instru- 
euts,  and  Extra-meridional  Instruments.  To 
>^  former  class  belong  the  Transit  and  the 
ral  circle,  or,  combining  both  in  one,  the 
insit-circle  of  continental  Artists.  These 
;quisite  tools,  for  determining  what  may  be 
rraedthe  vertical  and  horizontal  co-ordinates  of  a 
IT,  are  described  under  Circle  and  Transit. 
Extra-meridional  Instruments  the  Equatorial 
the  chief,  whether  under  the  form  of  a  single 
■lescope  or  of  a  Heliometer.   See  Equatorial 
d  Heliometer.    Subordinate,  although  in  a 
Lfht  degree,  ranks  the  Altitude  and  Azimuth 
Mrument  (q.  «.)  under  its  various  forms — one 
\vhich  is  the  Universal  Instrument  (q.  «.)  of 
tel :  and  if  to  these  be  added  a  Comet-seeker, 
e  furniture  of  an  Astronomical  Observatoiy  may 
considered  complete.    Thanks  to  the  recent 
rge  advances  in  the  mechanical  arts — at  once 
rfecting  and  cheapening  such  instruments — 
icient  and  admirable  Observatories  of  this  kind 
e  now  widely  diffused.  It  is  quite  unnecessary 
speak  of  Greenwich  or  the  other  institutions 
this  country.  But  in  referring  to  the  grandest 
European  establishments — that  of  Poulkowa, 
present  under  the  direction  of  M.  Struve,  it 
ay  not  be  out  of  place  to  express  the  hope  that 
i';rever  an  Observatoiy  may  be  built  and  fur- 
^hed,  provision  will  also  be  made  for  the 
rmanent  use  of  all  its  instruments. — Great 
ititutions  of  this  kind  are  now  likewise  in 
ergetic  and  prolific  action  across  the  Atlantic : 
especially  let  us  signalize  the  Observatory  of 
imbridge  near  Boston,  which,  under  the  con- 
'■■t  of  Mr  George  Bond,  has  already  done  in- 
^iraable  service. 

(2.)  Observatory  Magnetical — The  object  of 
■^titutions  so  named,  Ls  to  detect  and  record 
'■  phenomena  of  Terrestrial  Magnetism.  Already 
:  have  given,  under  the  appropriate  article,  an 
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account  of  the  Instruments  recently  so  extensively 
employed,  and  of  the  results  to  which  Observation 
has  led.  Subsequently  to  the  labours  of  Gauss, 
many  modifications  were  proposed  in  the  details 
of  his  Instruments, — one  being  the  substitution 
of  small  magnetic  needles  instead  of  large  bars. 
The  student  is  referred  to  the  various  memoirs 
by  Professor  Lloyd,  and  to  a  most  interesting 
paper — reprinted  in  Taylor's  collections — by  La- 
ment of  Munich.  We  do  not  enter  here  at  any 
length  on  this  subject,  because  of  our  belief  that 
the  constitution  and  conduct  of  Magnetical  Ob- 
servatories is  still  provisional.  The  inquiries 
instituted,  mainly  through  the  influence  of  the 
veteran  Humboldt,  were  the  first  of  their  kind, 
and  therefore  merely  laid  the  foundations  of  that 
knowledge  which  is  requisite  to  establish  what 
ought  to  be  observed,  and  hoio  ?  Many  new  vistas 
are  already  being  opened  ;  and  there  is  no  reason 
to  doubt,  that  in  course  of  a  few  years,  govern- 
ments and  associations  will  find  themselves  at 
liberty  to  start  afresh. — The  standard  Magnetical 
Observatories  now  in  action  in  this  country  are 
those  of  Greenwich  and  Dublin.  The  labours  of 
the  Observatory  at  Makerstown  are  understood 
to  be  closed — not  however  without  having  done 
vast  service  to  science. — The  self- registering 
faculties  of  photography,  have  been  made  effective 
with  regard  to  Magnetic  as  well  as  Meteorolo- 
gical changes, 

(3.)  Observatory  Meteorological. — There  are 
two  distinct  questions  connected  with  Meteorolo- 
gical Observatories, — the  question,  viz.,  as  to  the 
best  mode  of  realizmg  the  precise  and  defined  in- 
tention of  the  Observatory ;  and,  secondly,  the 
question  whether  that  intention  is  the  one  which 
ought  to  influence  Observers.  We  shall  discuss 
these  two  most  important  points  separately. 

(a.)  The  Aim,  of  Existing  Metem'ological  Obser- 
vatories and  their  Apparatus. — The  objects  in 
view  of  the  present  Meteorological  observer,  ma}' 
be  stated  as  follows ; — to  ascertain  the  weight  of 
the  column  of  air  above  his  Station  and  its 
variations ;  to  determine  the  condition  of  the  air 
as  to  temperature  humidity  electrical  excite- 
ment and  ozone,  a  few  feet  above  the  ground ; 
to  observe  and  value  the  agitations  of  the  air  or 
the  winds ;  and  to  discern,  if  possible,  relations 
among  these  various  elements.  The  weight  of 
the  air  is  declared  by  the  Barometer,  which  is 
examined  at  stated  times;  the  tenii)erature  of 
the  air  by  the  Thermometer ;  its  humidity  by  the 
Hygrometer ;  the  amount  of  solar  radiation  by 
some  form  of  Actinometer;  the  lain  that  falls 
by  the  rain  gauge  or  Pluvimeler ;  the  direction 
and  force  of  the  wind  by  the  Anemometer ;  the 
electric  state  of  the  atmospheric  stratum  by  the 
Electrometer ;  and  the  more  essential  relations  of 
the  air  to  vital  functions  by  the  Ozonometer: 
— all  which  instruments  are  described  and  dis- 
cussed under  appropriate  articles  in  this  Cyclo- 
paidia. — Until  very  recently,  no  observations, 
of  such  sort  ppuld  bP  conducted  continuously — 
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at  least  without  an  expenditure  not  often  at  one's 
command.  Tlie  states  of  the  air  were  noted, 
therefore,  only  at  certain  hours ;  and  the  grounds 
on  which  the  mean  atmospheric  slate  as  to  any 
element,  was  inferred  from  few  and  sparse  dally 
notices,  is  explained  under  Mean.  But  the  in- 
troduction of  the  principle  of  self  registering,  has 
inaugurated  a  new  epoch  in  Meteorology.  By 
the  mechanical  slcill  of  Mr.  Brooks  and  Mr. 
Ronalds  of  Kew  Observatory,  all  these  instru- 
ments have  been  made — through  assistance  of 
photograpliy — to  leave  a  permanent  and  con- 
tinuous trace  of  their  fluctuations;  so  that  the 
diurnal  mean  can  now  be  most  accurately  ob- 
tained by  the  summation  of  the  states  of  the  air 
at  intervals  as  small  as  need  be  noticed.  Pro- 
fessor Johnson  of  Oxford,  has  recently  shown 
further,  the  great  importance  of  photographic 
registration,  in  manifesting  sudden  and  irregular 
changes — during  storms  for  instance  —  which 
might  altogether  escape  the  notice  of  observation 
at  stated  times. — Let  us  venture  to  impress  here 
— as  in  the  case  of  Astronomy — and  even  more  so, 
that  facility  of  observation  and  of  record,  rather 
augments  than  diminishes  the  need  for  devoted 
calculators.  Photographic  pictures  from  all  the 
stations  in  the  world,  will  yield  little  unless  they 
are  compared ;  and,  as  a  first  step,  reduced  to  de- 
finite numbers  in  accordance  with  a  general  and 
fixed  scale. 

(6.)  Is  the  Present  Aim  of  Meteorological  Ob- 
servatories, the  Right  or  the  Best  Aim,  f  A  most 
instructive  discussion  on  this  subject  recently 
took  place  in  the  French  Academy  of  Sciences. 
Opinion  was  divided,  but  we  cannot  escape  the 
feeling,  that  there  is  much  truth  in  the  views  so 
Ibrclbh'  put  forward  by  MM.  Eegnault  and  Biot. 
The  question  is  so  important  that  we  have  thought 
fit  to  append  nearly  in  full  the  note  by  M.  Biot. 

"The  complex  mass  of  physical  knowledge,  now 
called  Meteorolog}'-,  lias  not  yet  been  constituted 
into  a  science.  Were  it  so,  we  should  find  it 
comprehending,  in  the  first  place,  the  chemical 
and  statical  constitution  of  the  atmosphere ;  the 
regular  laws  of  the  decrease  of  pressures,  of  den- 
sities, of  temperatures,  of  electrical  tension  at 
different  heights.  Next,  in  the  inferior  strata, 
perpetually  agitated  by  irregular  movements,  the 
infinitely  varied  causes  would  reach  us,  or  at 
least  the  nature  of  the  local  accidents  which  pro- 
duce these :  the  formation  and  the  internal  con- 
stitution of  those  definite  groups  of  aqueous  vapour 
which  are  called  clouds;  the  physical  circum- 
stances which  determine  these  vapours  to  con- 
centrate themselves  under  the  form  of  rain,  snow, 
hail,  with  the  ability,  nevertheless,  of  susti>iniitg 
themselves  for  a  length  of  time,  suspended  and 
ll  -ating,  even  in  these  latter  conditions,  in  oppo- 
sition to  the  power  of  gravity.  ^  Hespecting  all 
these  general  phenomena,  we  arc  in  almost  abso- 
lute ignorance ;  and  the  little  that  we  know  of 
them,  is  due  to  the  individual  researches  of  a 
Buiall  number  of  sagacious  observers,  who  have 
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applied  their  intelligence  specially  to  the  study 
of  certain  peculiar  phenomena.  Thus  Dr.  Well's 
has  admirably  elucidated  the  phenomenon  of  thu 
formation  of  dew,  and  the  effects  of  nocturnal 
Radiation.  JIM.  de  Humboldt  and  Boussin- 
gault,  by  their  bold  ascent  of  the  mountains  of  the 
Andes,  and  Gay-Lussac  by  his  memorable  aero- 
static voyage,  have  furnished  the  only  data  of 
which  use  can  be  made,  to  determine  mathe- 
matically, the  true  law  of  the  superposition  of 
atmospherical  strata,  as  far  up  as  these  Observers 
ascended. — As  to  physical  meteors,  we  know 
nothing.  We  scarcely  know  what  a  cloud  is; 
in  what  state  the  aqueous  particles  are,  which 
compose  it,  nor  how  they  are  held  in  aggrega- 
tiouj  It  may  even  be  said  with  truth,  that  the 
instruments  employed  in  the  observation  of  the 
fundamental  phenomena  of  meteorology,  for  ex- 
ample, pressure,  temperature,  the  hygrometrical 
state  of  the  air,  have  been  reduced  to  accuracy 
only  in  later  times ;  and  even  yet  the  determi- 
nation of  the  proper  temperature  of  the  air,  ac- 
cording to  the  indications  of  the  thermometer,  in 
the  different  conditions  in  which  it  is  placed— a 
determination  indispensable  to  practical  astro- 
nomy— is  surrounded  with  grave  uncertainties. — 
We  have,  or  believe  we  have,  much  more  data 
concerning  the  general  distribution  over  the  sur- 
face of  the  globe,  of  what  are  called  mean  tem- 
peratures ;  a  study  which  is  certainly  more  simple 
and  accessible  than  that  of  their  distribution 
through  the  superior  regions  of  the  atmosphere. 
These  data  have  been  principally  collected,  as 
accessories  to  other  researches,  cluefly  by  astro- 
nomers in  fixed  observatories,  where  the  obser- 
vations of  the  barometer  and  thermometer  are 
constantly  necessary  for  the  calculation  of  re- 
fractions; and,  again,  by  intelligent  navigators 
who  have  visited  countries  not  explored,  or  but 
slightly  explored  previously ;  finally,  by  sailors 
belonging  to  the  navj-,  who  might  render  science 
the  highest  services  by  entering  their  daily  ob- 
servations in  the  ship's  log  book.  To  these  in- 
cessant means  of  progress  which  require  only 
intelligence  and  zeal — means  which  all  enlighteneii 
governments  might  easily  increase  and  render 
regular,  without  any  augmentation  of  exjiense 
— we  may  add  as  a  powerful  auxiliary  for  thi 
future,  the  eflbrts  of  free  associations  formed  by 
persons  especially  instructed  on  subjects  con- 
nected with  meteorology.  For,  if— as  will  nci-c5- 
sarily  happen,  men  thus  come  into  contact  win 
are  addicted  to  divers  pursuits,  such  as  physic- 
ists, geologists,  botanists,  agriculturists,— each  "i 
these  classes  will  naturally  look  at  meteorological 
researches  from  the  point  of  view  of  their  lela- 
tions  with  the  progress  of  the  necessities  of  their 
favourite  science.  They  will  tiius  teach  each 
other;  and  this  concentration  of  divers  ideas  to- 
wards a  common  end,  will  doubtless,  lead  to  tlic 
desire  to  see  instruments  perfected  as  much 
possible,  the  interpretation  of  their  indicatiims, 
rendered  more  precise,  and  all  great  que^tiou* 
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lative  to  the  general  constitution  of  our  atmo- 
ihere  experimentally  attacked  or  resolved. — It 
as  for  some  time  been  believed  that  much  advance 
light  be  made  in  this  direction  by  establishing 
1  a  large  number  of  localities,  Obser\'atories 
cially  called  meteorological,  in  which  shall  be 
_:  idarly  collected,  day  and  night,  at  fixed  hours, 
:e  local  indications  of  the  barometer,  thermo- 
leter,  and  hj'grometer,  placed  in  permanent 
t  nations.  This  idea  was  first  realized  over 
ie  whole  surface  of  Russia,  in  a  multiplicity  of 
tuations,  proportionate  to  the  extent  of  that  vast 
iipire.  There  has  been  created  there  a  body — 
1  actual  army — of  Meteorographers,  having  its 
3neral,  its  officers,  its  soldiers ;  these  having  only 

1  fiU,  at  the  hours  indicated,  the  sheets  of  ob- 
•rvations  sent  to  them,  without  any  exercise  of 
iteUigence. — All  these  united  lists  are  afterwards 
iiited,  and  constitute  large  quarto  volumes,  fiUed 
ith  figures,  the  publication  of  which  must  im- 
lubtedly  be  very  expensive.  Analogous  insti- 
itions  have  been  pleaded  for  or  established  in 
lany  other  parts  of  Europe  with  less  gigantic 
^portions.  France  has  not  j'et  adopted  them, 
•,  as  their  partizans  express  it,  they  have  not 
;t  been  endowed  by  government. — The  experi- 
iciit  which  has  been  made  by  Eussia,  of  these 
lecial  meteorological  institutions,  is  complete. 
Iieir  general  director  is  a  distinguished  savant ; 
is  principal  assistants  are  very  intelligent  men ; 

2  and  they  are  in  possession  of  the  most  ap- 
oved  and  recent  methods  of  observation. — The 
jiierosity  of  the  Czars  has  refused  nothing  which 
ould  insure  the  success  of  the  Institutions, 
otwithstanding,  neither  there  nor  elsewhere 
ive  there  been  derived  any  real  fruits  from  those 
>stly  publications.  They  have  produced  nothing 
r  the  advance  of  meteorological  science,  as  it 
IS  been  above  defined;  and  it  may  be  added 
't  through  the  fault  of  the  men,  but  through 
le  want  of  a  special  aim,  and  from  the  nature 
'  their  organization,  they  can  produce  nothing, 
vcept  masses  of  disjointed  facts  without  any 
■itination  of  foreseen  utility,  either  for  theory 
'  its  applications.  The  first  part  of  this 
sertion  is  simply  the  announcement  of  a  fact : 
le  second  expresses  a  prophecy  easUy  justified. 
1  the  first  place,  in  regard  to  the  general  laws 
hich  regulate  the  statical  condition  of  the  at- 
losphere,  one  cannot  reasonably  expect  that  they 
ill  ever  be  unfolded,  or  even  indicated,  by  ob- 
Tvations  made  in  the  lowest  stratum  of  air, 
•liere  all  the  causes  of  imaginable  perturbations 
ave  their  particular  seat,  and  produce  at  the 
ime  instant,  in  different  localities,  often  near 
ich  other,  sudden  effects  of  which  the  difference 

extreme — even  from  a  calm  to  a  hurricane. 
•  hat  can  be  less  philosophical,  more  opposed 
)  simple  good  sense,  and  to  the  experimental 
lethod,  than  to  attack  so  complex  a  study  at  its 
lost  irregular  point?  And  can  a  single  branch 
I"  physical  science  be  quoted  that  has  been  pro- 
t ably  explored  in  such  a  way?    Is  it  hoped 
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that  by  means  of  noting  these  accidents,  some 
connection  wUl  be  discovered,  some  characteristic 
symptom  which  at  least  announces  them  ?  This 
is  dearly  to  purchase  a  hope  so  vague ;  and  as 
Sydenham  said  to  physicians  who  wished  to 
trace  out  the  principles  of  disease  by  the  de- 
scription of  the  invalids,  it  is  to  seek  the  dis- 
tinctive characters  of  a  plant  by  the  bites  of 
the  caterpillars  that  are  there!  But  let  us 
admit  that  these  inquirers  aim  only  at  a 
simple  description  of  meteorological  phenomena 
which  take  place  in  the  lower  region  of  the  atmo- 
sphere. Even  then  you  will  not  obtain  these  by 
barometrical,  thermometrical,  and  hygrometrical 
observations  made  at  fixed  hours.  It  is  necessary 
that  the  intelligence  of  the  observer  should  be 
applied  to  vary  the  intervals  of  observation  ac- 
cording to  the  more  or  less  rapid  mutability  of 
the  phenomena ;  making,  for  example,  those  of 
the  barometer  more  frequent  at  the  times  of  the 
equinoxes,  and  repeating  them  nearly  every 
minute  during  hurricanes,  as  all  intelligent 
persons  well  know  who  have  directed  their  at- 
tention to  such  meteorological  accidents.  The 
caprices  of  physical  phenomena  caraiot  be  regu- 
lated by  ordonnances ;  none  of  their  laws  have 
been  established  by  rude  observations — the  plan 
of  which  was  prescribed  beforehand.  It  is  ne- 
cessary to  take  them  by  parts  with  much  instinct 
and  nicety,  in  order  to  perceive  their  laws,  to 
follow  them  and  disengage  them  from  the  mass, 
according  as  our  subtlest  judgment  may  en- 
able us  to  disentangle  them. — Failing  of  success 
in  the  discovery  of  general  laws,  we  are  next  re- 
ferred to  the  hope  founded  on  practical  applica- 
tions. When,  it  has  been  said,  you  shall  have 
accumulated  during  many  years,  in  divers  locali- 
ties, masses  of  thermometrical  and  hygrometrical 
observations  regularly  made  at  all  hours  of  the 
night  and  day,  we  shall  deduce  from  them  mean 
values  which  will  be  eminently  serviceable  in 
agriculture,  vegetable  physiology,  the  geographj' 
of  plants,  and  consequently  in  the  selection  of  the 
species  of  cultivation  which  may  be  successfully 
introduced  into  each  locality.  All  this  is  yet 
found  to  be  mere  delusion,  and,  I  shall  add, 
that  it  will  never  prove  otherwise. — I  shall  first 
prove  the  fact: — It  is  curious  to  see  across  what 
hesitations,  with  what  respect  for  theoretical  pro- 
mises made  to  them,  agriculturists  and  botanists 
have  been  finally  led  to  acknowledge  their  almost 
entire  inutility.  They  have  exerted  all  their 
efforts  to  establish,  according  to  the  tables  of 
mean  temperatures,  rules  tliat  should  define  the 
limits  of  the  territorial  zones  within  which  the 
different  classes  of  vegetables  can  live  and  be 
cultivated  with  advantage.  They  have  found 
that,  in  fact,  these  rules  almost  always  fail  when 
applied.  Those  amongst  them  who  like  M.  G;is- 
parin,  liave  fixed  exactly  the  limits  for  certiiin 
vegetable  species,  have  only  succeeded  by  apply- 
ing to  local  observations  of  temperature,  an  in- 
telligent critique  of  the  modifications  rendered 
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necessary  by  a  crowd  of  physical  circumstances 
peculiar  to  eacb  locality.  Tlie  learned  work  re- 
cently publishel  by  M.  Alphonse  Decandolle, 
eatitled,  Geograpkie  Botanique  Raisonnde,  is  filled 
with  such  considerations ;  the  epithet  even  which 
he  adds  to  his  title,  siifficiently  shows  that  the 
simple  employment  of  mean  temperatures  as 
commonly  observed,  has  not  furnished  him  -with 
data  sufficiently  approximate.  But  if  we  con- 
sider the  conditions  under  which  special  meteo- 
I'ological  observatories  act,  such  as  they  are  now 
conceived  and  organized  at  great  expense,  their 
inefficiency  for  such  applications  is  an  evident 
and  necessaiy  consequence,  because  the  pheno- 
menal indications  which  have  been  registered 
have  only  the  most  distant  and  incomplete  rela- 
tions with  accidents  atfecting  the  life  of  vegetables. 
Only  notice  how  humidity  and  heat  are  measured 
there — the  two  natural  agents  that  most  power- 
fully influence  vegetation.  At  such  places  they 
observe  at  fixed  hours  the  actual  temperature  of 
the  surrounding  air,  as  that  is  shown  by  a  ther- 
mometer placed  in  a  permanent  exposure,  sheltered 
from  the  solar  rays  and  celestial  radiation.  The 
tension  of  the  aqueous  vapour  is  determined  at 
the  same  moment  hy  the  hygrometer  placed  in 
like  conditions ;  and  the  quantity  of  rain  fallen 
is  estimated  by  a  rain-gauge  fixed  in  the  proxi- 
mity of  the  observatory.  But  the  impressions 
which  the  plants  receive  in  the  free  air,  are  alto- 
gether different  from  what  these  instniments  in- 
dicate; terrestrial  vegetables  have,  so  to  speak, 
two  modes  of  life ;  the  one  subterranean,  by  their 
roots ;  the  other  aerial,  by  their  stallts ;  both  of 
which  meteorological  phenomena  affect  very  di- 
versely. The  action  of  the  solar  heat  and  that  of 
nocturnal  radiation  are  transmitted  to  the  spongy 
terminals  of  the  roots  only  progressively,  with  a 
slowness  proportioned  to  the  conductibiUty  of  the 
soil,  and  the  depths  to  which  these  penetrate.  The 
atmual  epochs  of  their  summer  and  winter  are 
quite  other  from  those  of  the  external  au*.  The 
rain  reaches  them  gradually  by  imbibition ;  and 
the  quantity  which  they  are  able  to  absorb  de- 
pends on  the  aptitude  of  the  sub-soil  to  retain  or 
let  it  pass.  The  aerial  stalls,  on  the  contrary, 
receives  immediately  and  suddenly  all  meteoro- 
logical impressions;  the  calorific  and  chemical 
radiations  darted  from  the  sun;  those  of  noc- 
turnal radiation ;  the  rain  which  falls  and  covers 
their  evaporating  organs,  of  which  they  absorb  a 
portion,  and  transmit  it  interiorly,  until  they  have 
been  freed  from  it  by  the  heat  of  the  sun  and  the 
agitation  of  the  air. — What  is  tliere  in  all  tliese 
varied  phenomena  that  can  be  indicated  by  fixed 
instruments  placed  beyond  tlie  reach  of  the  cir- 
cumstances in  which  they  talco  place,  marking 
neither  the  progressive  march  of  the  one  nor  the 
suddenness  of  the  other, — not  even  stating  the 
existence  of  the  physical  actions  by  which  the 
most  important  of  them  are  produced?  It  is, 
nevertheless,  under  the  influence  of  such  causes 
that  the  alimentation  of  the  plant  takes  place, 
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— that  it  18  retained  in  a  condition  to  develop 
its  leaves,  its  flowers,  its  fruits,  and  to  accom- 
plish all  the  vital  functions  which  are  proper 
to  it." 

[M.  Biot  here  details  at  some  length,  and  il- 
lustrates by  examples,  the  mode  in  which  the 
study  of  subterranean  and  aerial  life  of  vege- 
tables might  be  conducted,  and  what  meteoro- 
logical observations  are  fitted  to  aid  in  such 
studies.    He  then  proceeds  as  follows : — ] 

"  I  have  presented  these  details  here  from  two 
motives.  First,  I  have  wished  to  show  that 
permanent  meteorological  observations,  such  as 
have  been  established  up  to  the  present  time,  are 
not  only  ill  adapted  to  throw  light  on  the  fund;, 
mental  questions  of  scientific  meteorology,  bui 
still  more  so  to  furnish  the  means  of  guiding 
vegetable  physiology  in  its  researches,  or  prac- 
tical agriculture  in  its  applications.  Secondly, 
I  have  thought  that  an  exact  picture  of  the 
natural  operations  which  take  place  in  the  course 
of  the  life  of  a  vegetable,  may  be  usefully  con- 
sulted by  persons  desirous  of  establishing  systems 
of  meteorological  observation,  by  whose  applica- 
tion such  studies  might  profit. — In  all  that  M. 
Eegnault  has  said  of  the  barrenness  of  existincr 
meteorological  institutions,  and  of  the  caus 
which  render  this  inevitable,  I  completely  agree 
and  we  can  at  least  allege  in  favour  of  our 
opinion,  that  we  have  not  reached  it  without 
having  long,  and  from  difierent  points  of  view, 
contemplated  the  subject  to  which  it  refersl 
Nevertheless,  it  ought  to  be  remarked  that  it 
applies  solely  to  what  is,  and  not  to  what  might 
be. — The  great  error  of  existing  systems  d 
meteorological  obsers^ation,  is  their  inevitable 
want  of  a  defined  aim.  How,  indeed,  could  they 
fix  one  ?  How  could  they  divine  a  imori  the 
characteristic  data  of  general  laws  which  must 
from  the  first  be  presented  amid  a  chaos  of  natu- 
ral phenomena,  and  of  which  the  determining 
causes,  the  variations,  and  the  correspondences 
are  almost  entirely  unknown  ?  Can  you  pre- 
tend that  useful  applications  to  agriculture  mn; 
be  deduced,  although  the  physical  phenomei 
which  must  efficaciously  influence  vegetable  111 ' 
do  not  at  all  enter  among  yom-  progrannnes 
To  arrive  at  such  applications,  it  is  necessary- 
study  intelligently  meteorological  phenomena  at 
the  places  themselves,  and  from  the  special  point 
of  view  indicated  by  a  clear  knowledge  of  what 
you  desire  to  discover. — Ask,  for  example,  from 
the  head  of  the  practical  department  of  the 
museum — M.  Decaisne,  five  or  six  zealous 
young  men  already  possessed  of  a  substantial 
knowledge  of  botany  and  vegetable  physiology ; 
let  Mm  instruct  them  for  some  months  in  meteor- 
ological observation  considered  in  its  relation 
to  vegetable  life,  and  let  liim  give  them  general 
instructions  on  this  subject  of  study.  Supjil 
them  afterwards  with  a  small  number  of  phvM 
cal  and  chemical  instruments,  which  are  all  tliai 
is  necessary,  and  then  distribute  them  over  tii' 
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nmtry  you  desire  to  examine.  After  a  year 
!U3  employed,  their  register  of  observations 

iced  in  tie  hands  of  M.  Decaisne  will  give 

ire  useful  ideas  concerning  climatology  and 
;riculture,  than  can  be  supplied  by  twenty 
■rinanent  meteorological  observatories,  such  as 

present  organized ;  and,  what  is  not  to  be  over- 
oked,  these  young  travellers  will  have  gained 
^traction  as  well  as  the  State.  Why  must  such 
scheme  be  fruitful  ?  Simply  because  it  would 
ive  a  special  and  determinate  aim,  and  the  sys- 
m  of  observations  would  be  organized  in  a  way 

accomplish  that  aim.  Nevertheless,  we  by  no 
3ans  pretend  that  to  study  any  point  whatsoever 

meteorological  phenomena,  it  is  necessary,  or 
en  useful  to  employ  instruments  which  indicate 
mospherical  pressui-e  even  to  the  hundredth 
It  of  a  millimetre,  and  temperatures  to  the 
ndredth  part  of  a  degree.    We  only  ask  that 

2  indications  thus  registered,  shall  always  have 
■elation  not  distant  and  unknown,  but  imme- 
ite  and  certain,  with  the  physical  data  that  it 
desu^d  to  obtain.    We  ask,  above  all,  that 

3  end  of  the  research  shall  be  in  everj'  case 
linly  defined,  and  that  the  system  of  observa- 
ns  be  suitably  adapted  to  it.  For  example, 
as  _M.  Le  Verrier  has  proposed,  the  statical 
idition  of  the  lower  atmosphere  be  simultane- 
;ly  obtained  for  many  places  surrounding  a 
nraon  centre  at  which  the  results  shall  be 
cussed,  we  do  not  at  all  think  that  such  a 
fly  would  be  useless,  although  not  founded  on 
al  observations  of  the  barometer,  and  thermo- 
ter  accomplished  with  the  utmost  precision. 
3  believe,  on  the  contrary,  that  without  this 
:reme  exactitude,  perhaps  even  without  being 
>jected  to  an  absolute  continuity  but  merely 
the  establishment  of  local  phenomena  of  some 
jortance,  we  would  deduce  therefrom  con- 
ning the  great  accidental  convulsions  of  the 
er  strata  of  the  atmosphere,  conditions  of  cor- 
Dondence  which  it  would  be  extremely  useful 
-;now,  and  which  might  lead  to  important  ap- 
■ations  to  the  practical  wants  of  society. — It 
"?cause  of  their  want  of  an  aim — at  least  of 
le  precise  aim — that  we  object  to  perma- 
it  Observatories,  such  as  have  been  hitherto 
anized."— Such  is  the  substance  of  M.  Biot's 
iiioir.  Portions  of  it  are  very  open  to  criti- 
n ;  but  there  is  much  truth  at  tlie  bottom  of 
rather  unceremonious  reclamations. 
>cc(iIiation.  The  occulting  or  hiding  of  a 
'  by  the  moon  is  a  phenomenon  identical  in 
lire  with  a  solar  eclipse — It  is  well  known 
t  the  moon  describes  an  ellipse  round  the 
si,  with  even  less  approximation  than  most  of 
liheavenly  bodies  describe  their  orbits.  Hence, 

e  inclination  of  her  plane  be  5°  •  8'  •  48"' 
'Will  pass  over  a  zone  of  just  twice  this  ex- 
;  round  the  zodiac,  and  at  some  time  will  be 
n  every  part  of  it.    Also,  we  must  add  to 
6   8'  48"  the  amount  of  horizontal  par- 
six  — that  is  the  greatest  angular  distance 
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which  her  riidius  can  subtend  at  the  earth's 
centre  ;  because,  evidently,  any  portion  of  the  disc 
can  cause  the  disappearance  of  a  star  behind  it. 
and  the  6°  only  refer  to  the  extreme  position 
possible  for  the  centre  of  the  disc.   Then  any  star 
within  a  zone  whose  angular  diameter  is  twice 
their  total  amount  may  be  occulted  hy  the  moon. 
— We  must  refer  to  Eclipse  for  a  detailed  ex- 
planation of  the  usual  phenomena.    It  is  clear 
that  an  occultation  is  possible  whenever  the 
moon's  course,  seen  from  the  earth's  centre, 
carries  her  within  a  distance  of  the  star  equal  to 
the  sum  of  her  semi-diameter  and  horizontal  par- 
allax ;  and  it  will  happen  at  any  place,  upon  her 
apparent  path,  as  seen  from  that  place,  if  her  centre 
is  at  a  less  distance  from  the  star's  than  the  sum  of 
her  augmented  semi-diameter  and  her  actual  par- 
allax.— These  are  some  interesting  phenomena 
obsen^able  at  occultations.   They  take  place  quite 
inditferently  whether  the  moon  be  dark  or  bright, 
and  either  at  her  visible  or  invisible  edge.  Thus, 
a  star  may  appear  extinguished  in  mid  air  when 
no  moon  is  shining,  and,  on  leaving  the  bright 
limb  of  the  moon,  a  luminous  point  appears 
actually  to  detach  itself  from  that  body.  The 
sudden  reappearance  of  a  star   on  emerging 
from  the  dark  edge  of  the  moon,  as  well  as  its 
sudden  disappearance  or  occultation,  is  a  phe- 
nomenon sufficiently  striking.     A  remarkable 
optical  illusion — for  in  all  likelihood  it  is  so — is 
sometimes  observed  at  occultations.    The  star 
seems  to  advance  upon  and  to  penetrate  mthia 
the  edge  of  the  disc,  sometimes  to  a  considerable 
depth.    It  is  worthy  of  remark,  however,  that 
this  appearance  has  never  been  noticed  bv 
thoroughly  practised  Observers. — The  main  dif- 
ference between  solar  eclipses  and  occultations, 
as  will  be  at  once  seen,  consists  in  the  fact  that 
the  star,  unlike  the  sun,  has  no  parallax,  and 
that  its  diameter  subtends  at  the  eye  no  per- 
ceptible angle.    The  reader,  who  wishes  onh- 
general  explanations  of  the  method  of  calcu- 
lation, may  refer,  therefore,  to  the  article  oc 
Eclipses.— We  think  it  right,  however,  tc 
give  here  a  more  complete  solution  of  the  pro- 
blem, in  which  the  introduction  of  mathematical 
formulaj  to  a  very  considerable  extent  is  inevi- 
table.   The  first  method  used  is  that  of  projec- 
tion.   It  will  be  clear  from  a  moment's  con- 
sideration that,  to  a  spectator  at  the  sun's  centre, 
the  axis  of  the  earth  appears  at  the  solstices,, 
inclined  23^°  on  different  sides  of  the  axis  of 
the  equator  plane,  and  at  the  equinoxes  as  co- 
incident with  that  line.    Hence  to  sucli  a  spec- 
tator the  extremities  of  this  axis,  the  poles, 
will  seem  to  describe  circles  of  23^°  in  radius 
projected  on  the  sky. — In  order  to  project  an 
eclipse  of  the  sun  we  thus  see  what  processes 
are  necessary, — first  we  must  represent  the  earth 
as  it  would  appear  to  the  spectator  at  the  time 
proposed.     Wo  must  then  draw  the  parallel 
of  latitude  for  the  place  for  which  we  are  to 
determine  the  circumstances  of  the  eclipse,  and 
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mark  upon  it  tlie  position  of  the  given  place  for 
different  hours  of  tlie  day.  We  must  then  draw 
the  moon's  apparent  path  across  the  earth's  disc, 
and  note  points  Avhich  it  occupies  at  each  hour  of 
its  transit.  We  must  then  find  the  point  of  the 
moon's  path  and  that  of  the  spectator,  which,  for 
the  same  moment,  are  nearest.  At  that  time  the 
eclipse  will  be  deepest.  Then  mark  the  point 
where  the  distance  is  just  equal  to  the  sum  of 
the  semi-diameters  of  the  sun  and  moon.  The 
two  points  where  this  is  lecoming  and  ceasing 
are  the  beginning  and  end  of  the  eclipse.  We 
shall  give  an  example  from  Loomis's  Practical 
Astronomy.  Suppose  it  required  to  obtain  the 
times  and  phases  of  the  solar  eclipse,  May  26, 
1864,  at  Boston,  latitude  42°  21'  28"  N.,  longi- 
tude 4>»  44"  14»  W.  of  Greenwich. — The  time 
of  new  moon  is  found  to  be  May  26,  at  4'>  2-9" 
mean  time  at  Boston.  For  this  time  the  funda- 
mental elements  of  the  calculation  are, — 
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Sun's  loncitucle,    C5»10'32". 

Sun's  declination,   21°  If  17"  JI. 

Moon's  latitude,   21'  30"  =  1290"  N. 

Moon's  hourly  motion  in  lonfritude,  1807". 

Sun's  hourly  motion  in  longitude.  144". 

Moon's  liourly  motion  in  latitude,  167". 

Moon's  equatorial  horizontal  par- 
allax,   54'32"-6, 

Sun's  equatorial  horizontal  par- 
allax  8" -5. 

Moon's  true  semi-diameter,   14'  bZ''-o. 

Sun's  true  semi-diameter,   15'  48'' -9. 

The  geocentric  latitude  of  Boston,  42°  10'. 

The  relative  positions  of  the  sun  and  moon  will 
not  be  altered  if  we  attribute  to  the  moon  the 
effect  of  the  difference  of  their  parallaxes,  and 
suppose  the  sun  to  remain  in  its  true  position. 
This  relative  parallax  for  Boston  is  54'  19"-1,  or 
3259"-l,  which  will  therefore  represent  the 
apparent  semi-diameter  of  the  earth's  disc  if  seen 
at  the  distance  of  the  moon  from  the  earth. 
Hence  the  proportion  of  54'  19"-1  to  14'  53"-5 
will  be  that  of  the  earth's  to  the  moon's  apparent 
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magnitude.  Take  a  c  from  any  convenient  scale 
of  parts,  for  3259,  and  describe  A  D  b  to  represent 
tlie  northern  half  of  the  earth's  disc  seen  from  the 
sun.  Mark  off  arcs  D  e,  d  h  (d  being  the  bisec- 
tion of  the  arc),  equal  to  23°  28',  and  draw  e  h. 
Then  e  h  is  the  arc  which  the  pole  of  the  earth 
apparently  describes.  Hence  if  p  be  the  actual 
position  at  the  time  given,  p  h  will  be  pro- 
portional to  the  versed  sine  of  the  longitude  of 
the  snn— that  is,  to  the  versed  sine  of  65°  12'  32". 
Make  it  so,  and  draw  c  p  m.  This  will  represent 
the  line  of  the  axis.  We  now  want  to  represent 
the  parallel  of  latitude  of  Boston.  If  its  latitude 
were  just  equal  to  the  sun's  declination,  the  sun 
at  noon  would  be  vertical,  and  Boston  would  be 
seen  preciselv  at  c.  But  since  the  latitude  ex- 
ceeds the  declination  by  20°  59',  Boston  ^vill  be 
seen  at  noon  at  12,  if  c  12  be  the  sine  of  20  59' 
for  radius  a  c.  Similarly,  if  the  earth  were 
transparent,  at  midniglit  Boston  would  be  seen 
at  s,  where  c  s  is  proportional  to  the  sign  of  the 
mm  of  tlie  angles  of  declination  and  latitude.— 
We  can  mark  the  position  of  any  part  of  the  day 
bv  marking  off  along  the  longest  diameter  6b 
distances  t  15,  &c.,  which  are  for  the  radius  t  6 
the  sines  of  the  angles  15°,  30°,  &c.,  and  by  them 
drawnig  ordinates  periiendicular  to  the  Ime  fab 


The  elliptic  path  marked  out  meets  the  circle 
A  D  B  in  points  corresponding  to  sunrise  and  sun- 
set.   At  the  time  considered  they  are  4^  a.m. 
and  1\  P.Ji.     We  now  wish  to  represent  the 
moon's  apparent  path  across  the  disc.    From  the 
same  scale  on  which  a  c  was  measured,  take  a 
space  1290"  for  the  moon's  latitude,  and  apply 
it  on  c  D  from  c  to  g,  but  above  a  c  b,  because  the 
latitude  is  N.     Take  c  o  equal  to  1663",  the 
hourly  motion  in  longitude  and  draw  o  R  perpen 
dicular  to  it,  and  equal  to  167"  the  motion  i 
latitude,  and  draw  c  r.    This  represents  on  th 
relative  orbit  the  hourly  motion  of  the  moon  fro 
the  sun,  and  lgn  parallel  to  it  will  be  the  rda 
tive  orbit  of  the  moon — then  mark  off  positio 
before  and  after  conjunction  by  means  of  th 
hourly  motion  c  R — the  moment  of  the  new  moo 
at  Boston  falling  exactly  upon  the  point  g,  wh" 
the  new  moon  is  at  4''  6™.    We  can  do  this  b 
the  proposition  60"  :  6"  :  :  the  line  c  R 
line  G  IV: — iv  being  the  place  of  the  moon 
four  o'clock.— Thus  we  have  the  circunistan 
graphically  presented.    Try  by  compasses 
find  two  points,  one  on  the  moon's  path  and  t 
other  on  that  of  the  spectator,  both  of  which 
marked  with  tlie  same  times,  and  which  are 
the  least  distance  from  each  other,  that  time— 
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lis  case  5^  44™ — is  the  time  for  which  the 
lipse  is  greatest.    The  appearance  of  the  moon, 

)■  i  projected  on  the  earth's  disc,  may  be  seen 
y'  describing  from  the  position  of  its  centre  at 
ly  time  a  circle  with  the  apparent  semi- 

I  ameter  of  the  moon  at  that  time  for  radius. 
1  this  instance  the  radius  is  893""5.  If  we 
si;ribe  also  from  the  position  of  Boston  at 
e  same  instant,  a  circle  with  the  sun's  semi- 
araeter  as  radius — that  is  948"-9 — we  shall 
ive  the  Sim's  disc  at  the  figure  for  the  moment 
greatest  eclipse,  and  we  see  from  it  that  the 
lipse  will  be  annular. — The  beginning  and  end 
tlie  eclipse  will  be  indicated  by  trying  to  find 
lints  on  the  two  paths  corresponding  to  the 
me  hour,  the  distance  between  which  is  just 
ginning  to  be  and  ceasing  to  be  as  great  as  the 
111  of  the  semi-diameters — that  is,  as  1842"-4. 
••  should  thus  have — 

H.  IL 

4  30  apparent  time  as  the  beginning, 
-5  44       —  —  middle, 

6  51       —  —  end 

the  eclipse.     The  results  are  obtained  in 
iparent  time  because  the  points  1,  2,  3,  &c., 

the  parallel  of  Boston,  correspond  to  that ;  and 
■  phases  of  the  moon  on  its  apparent  orbit  do 
lilsewise.  If  the  projection  be  carefully  made 
3  can  determine  the  times  of  beginning  and  end 
thin  one  or  two  minutes.  —  There  are  other 
ethods  of  graphical  projection  which  depend 

quite  similar  principles.  It  is  evident  that 
is  method  labours  under  the  grave  defect  of 
ding  to  the  chances  of  error  in  measurements 
natural  phenomena,  the  greater  ones  of  incorrect 
^metrical  representation.  Just  as  we  reject  in 
i,'onometry  methods  for  the  description  of  a 
langle  on  paper,  and  substitute  methods  for 
e  numerical  estimation  of  the  elements  to  be 
md, — so  here.  We  shall  give,  as  the  sub- 
t  is  of  so  much  importance,  Bessel's  method  of 
inputing  solar  eclipses,  upon  which  we  shall 
uiid  that  of  computing  occultations.  The  dis- 
ision  must  be  entirely  technical — Let  s  be  the 
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the  other,  the  internal  contact. — Let  us  eeclc 
the  equation  of  the  conical  surfaces.  Take  a 
system  of  three  rectangular  axes — origin  e.  Let 
E  z  be  parallel  to  m  s,  and  assume  its  direction 
positive.  Suppose  the  positive  end  of  this  axis 
to  have  its  right  ascension  a  and  its  declination 
D.  E  r  is  in  the  plane  through  e  z  and  the  north 
pole  of  the  equator — The  right  ascension  of  the 
end  Y  will  therefore  be  a  and  its  declination 
90°  -{-  D.  E  X  is  perpendicular  to  the  plane  of 
the  hour  circle,  which  is  clearly  z  e  y,  and  lies  in 
the  equator,  90°  from  the  intersection  of  the 
equator  with  z  e  y.  The  declination  for  the  end 
X  will  be  0°,  and  90  -|-  a  its  right  ascension. 
Let  xyz,  x't/'z',  |»^,  be  the  co-ordinates  of 
M,  s,  o.    Also  let  M  s  =  G, 

o  T  ivr,  or  o'  T  m,  the  semi-angle  of  the  cone  =/ 

the  distance  of  the  vertex  from  y  e  x       =  s 

Then  since  m  s  is  parallel  to  e  z, 

x'  =  x,  y'  =  i/,  z'  =  z-\-G  (1). 

Draw  T Q,  OB,  perpendicular  to  the  plane  x e y, 
and  in  it  q  l,  b  i  perpendicular  to  e  y,  and  i  r 
parallel  to  b  q. 

0B  =  ^,  EI=f,,  BI  =  |;  TQ=  S,Bh  —  1J, 
QZ,  =^  X 

11.  =  y  —  »),  EL  =  QL  —  QR  =  QL    BI 

■=z  X  —  %. 

Draw  the  plane  N  o  k  parallel  to  y  e  x,  through 
o,  and  draw  o  n,  o  h  parallel  to  e  y  and  e  x. 
Draw  K  N  perpendicular  to  o  N. 

Thenf 

KN  =  RL  =  a;  —  I,  ON  =  IL  =  !/  —  fl, 

ana      o  K  =  V  (a;  -  If      {y  -  vf. 
Also  tang/=:^=-^ 

T  K  S  —  i 

•••(s— O'tang^/=OK^  = 

 (2), 

which  gives  the  conical  surface  for  extenial  con- 
tact. For  internal  contact  we  should  have  a 
similar  result. — We  ma}'  consider  both  sun  and 
moon  to  be  spheres,  and  let  the  radius  be  k  for 
the  moon  and  k'  for  the  sun. 

Then  s  t  :  s  v  :  :  m  t  :  m  w 

ST-|-TM  =  MS  =  G 
ST'sin8TV  =  SV 


ihtre  of  the  snn,  m  of  the  moon,  e  of  the  earth,  t  •  sin  m  t  w  =  m  w 

i  d  o  the  obser^•e^'8  place.    The  limbs  of  the  sun  and  s  t  v  =  m  t  w  =/; 

•Id  moon  will  evidently  appear  in  contact  when  8T  =  z'  «•  mt  =  s  z 

uia  upon  the  surface  of  the  cones  circumscribing  .    ,        ./,'..  .  t.. 

rem.    There  are  the  cones  v't  v,  and  another  "  ^      ^  '  "  "  "  *  ^ 

i<iose  side  passes  along  v' w.    If  o  be  on  the  '^"'^  °  8in/=  k'  -[-  k. 

•rface  of  the  first  an  observer  at  o  will  witness  Similarly  for  the  occultation  of  internal  contact 

e  external  contact  of  the  discs ;  and  when  on  |  we  have 
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2'  —  s  :     :  :  z  — 
and  G  sm/=  k'  — 

Tlierefore,  for  external  contact, 
zh'  -\-z'lc 


81  h 
k. 


*  —    k'  -\-k 
for  internal  contact, 

_  zk'  —  z  'k 
k'  —  k 


sin/ 


k'  +  k 


sin/: 


k'  —  k 


It  is  easy  to  see  that  for  external  contact  the 
angle  /  is  alwaj-s  kcute.  For  internal  contact  it 
is  so  also  in  annular  eclipses,  and  in  total  eclipses 
it  is  obtuse.  Eliminate  s  and  /  from  the  equa- 
tion, and  we  have 


tangV=  ^ 


(^•'  +  kf 


.  (k'  +  kf 
Hence, 

/zk'  +  z  'k 
(k'  +  kf 


X 


..(3), 


■G'  —  (k'  +  kf 

and  reducing  —  (a;  —  ^f  -{-     —  *if 

jk'  (z  -  0  +  ^■  (z'  —  Q] 
—  (i^-.<^-+kf 

which  includes,  by  using  -|-  and  —  where  the 
double  sign  is,  both  external  and  internal  con- 
tacts.   Use  the  supplementary  functions 

z(k'^k')  +  k(i  /.—  7  jy 

=  _  ,  J   ^  =  z  tang/  +  k  •  sec/ 


'  G'  —  (/c'  +  k) 
k'T  k 


====  =.  tang/. 


+  V  G-^  —  (;;;'  +  kf 

Substituting  these,  and  introducing  0  -j-  G  for  z' 
in  (3),  we  find 

and  from  (2)  we  see  that  l  =  s  tang/ 

which  represents  the  radius  of  the  circle  formed 
by  the  intersection  of  the  conical  shadow  with 
the  plane  through  the  centre  of  the  eartli,  and 
perpendicular  to  e  z. — These  arc  the  fundamental 
processes,  but  tbe  elements  adopted  are  not 
directly  given  in  ephe- 
merides.  Let  us  see 
practically'  how  we  may 
find  g,  ?/,  V,  (,  i, 
and  ^.  —  Conceive  a 
new  system  of  rectan- 
-zgular  axes  through  e. 
Let  E  z  be  directed  to- 
ward the  north  pole  of 
the  equator,  e  x  be  in 
the  equator,  and  di- 
rected toward  a  point 
such  that  its  right  as 


X 
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cenaion  a'  is  equal  to  that  of  the  sun  from  tiie 


with 
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earth.  Let  e  y  be  directed  to  a  point  whosi 
right  ascension  is  90°  -j-  a'.  Let  a,  3,  and  r  be 
the  true  right  ascension,  declination,  and  distance 
of  the  moon's  centre  from  that  of  the  earth ;  and 
let  a',  S',  and  r  be  the  same  quantities  for  the  sun's 
centre.  —  From  m,  the  moon's  centre  draw  on 
X  E  Y  the  perpendicular  m  n  =  z ;  and  from  x, 
N  R  =      E  B  =  X. — Then,  from  the  triangle 

EMN, 

B  N  =  ?'  cos  S,  z  =  r  sin  J. 
Also  the  angle  n  e  r  =  a  —  a, 
therefore  n  r  =  y  =  e  n  sin  (a  —  a') 
=  r  cos  S  •  sin  (a  —  a') 
E  r  =.  a;  =  r  cos  S  •  cos  (a  —  a'), 

which  give  us  the  co-ordinates  of  the  moon's 
centre,  parallel  to 

E  z,  r  sin  •  J 

B  Y,  »•  cos  •  S  •  sin  (rt  —  a') 
E  X,  r-  cos  S  •  cos  (o  —  o'). 

Similarly,  since  e  x  has  the  same  R  • 
the  sun's  centre,  its  co-ordinates  are 

R  sin  S' 

o 

K  COS  5'. 

By  transferring  co-ordinates  to  m — so  that  the 
axis  of  z  shall  be  directed  towards  the  pole,  that 
of  X  to  a  point  whose  r.  a.  is  a',  and  that  of !/  to 
one  whose  R.  A.  is  90°  -\-  a',  we  have  new  axes 
parallel  to  the  old,  and  the  co-ordinates  of  the 
sun's  centre  are 

G  sin  D 

G  cos  D  •  sin  •  (a  —  a') 
G  cos  D  cos  (a  —  a'). 

Since  A,  d,  g  are  the  right  ascension  of  the  sun's 
centre  seen  from  that  of  the  moon,  its  declination 
and  its  distance.  Hence 

G  sin  •  D  =  R  •  sin  S'  —  r  sin 
G  cos  D  •  sin  (a  —  o')  =  — »"  cos  X  •  sin  (a  —  C) 
G  cos  D  cos  (a  —  a')  =  R  cos  S'  —  r  cos  J  cos 
(rt  _  a'). 

Di%nding  each  by  R,  and  using  ^  as  an  abbre\na- 
G 

tion  for  — ,  and  e  for  — ,  we  find 
R  R 

^  sin  D  =  sin  S'  —  e  sin  S  ~| 
g  COST)'  sin  (a  —  a')  =  —  e  cos  •  S  •  sin  | 

(«  -  a')  )  (6> 

.7  cos  D  •  cos  (a  —  a')  =  cos  S'  —  e  cos  S 
cos  (a  —  o') 

From  the  second  and  third,  dividing,  we  have 

—  c  cos  ?  •  sec  S'  sin  (a  —  a' 
tang  •  (A  -  a')  =  ^  _  ^  cos  S  •  secS'cosCa  — .T 
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From  the  first  and  third, 

fsin  S'  —  e  cos  S)  cos  (a  —  a'") 

tang  •  D  -  :  ^  ^. 

cos  a'  —  e  cos  5  cos  (a  —  a') 

And  from  the  third, 

cos  S'  —  e  cos  S  cos  (a  —  a') 
^  cos  D  cos  (a  —  a') 

In  solar  eclipses  cos  (a  —  a')  is  almost  equal 
to  1,  and  therefore  it  may  be  suppressed — By 
easy  trigonometrical  processes  we  may  find  from 
these  formuljB, 

—    sin  (S  —  S') 

^^"g^°-^')-l-ecosCa-gO- 
But  I  —    is  a  very  small  arc.    Hence  nearly 


SO 


1  —  e 


:  Similarly, 


—  e  cos  S  •  sec  S'  (a  — 

a'  -  -  — — — 

1  —  e  cos  S  •  sec  S' 


and  g  : 


e  cos  S  sec  •  §' 


cos  D  sec  S'  ' 
=  1  —  e  very  nearly. 

I  For  the  computation  of  a;,  y,  we  must  return  to 
u  our  original  axes  of  co-ordinates.    Suppose  about 
E  any  sphere  to  be  de- 
scribed, upon  which  M 
represents  the  moon's 
place.    Let  p  be  the 
pole  of  the  equator, 
and  let  x,  y,  z  be  on 
the  sphere.     Then  p 
will  be  on  the  plane 
of  the  great  circle  z  y, 
and  the  right  ascen- 
sions and  declinations 
of  M,  z,  Y,  X  are  a  and 
S,  A  and  D,  A  and  90° 
-j-    90  +  A  and  0°. 
— The  co-ordinates  x  y  z  of  m  are  equal  to  the 
projections  of  e  si  =  r,  on  the  axes,  or  to  r 
multiplied  by  the  cosines  of  the  axes  z  m,  y  m, 
X  M,  which  may  be  obtained  from  the  triangles 
z  P  Jr,  Y  p  M,  X  p  M,  in  which  z  p  =  90  —  d, 
MI  p  =  90  —  S,  T  p  =  D,  X  p  =  90°,  z  p  M  = 
'  A  —  «,  Y  p  jt  =  180  —  (a  —  o),  X  p  M  = 
+  A  —  a. — Hence,  by  spherical  trigono- 
metry, 


Fig.  4. 


cos  I 


y~r  jcos  D 


—    |sin  D  •  sin  S  •  _|-  cos  D  •  cos  •  S 

(«  -  A)|- 

•  sin  S  —  sin  d  cos  S 

(«  —  A)[ 

•  sin  (a  —  a). 
can  readily  change  the  first  two  expressions 


cos 


*  =  cos 
Me 
'into 


(7). 
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z  —  r  [cos  (S  —  d)  cos^  ^  (a  —  A)  —  cos 
(S  +  D)sm^K«-A)], 

y  =  r  [sin  (S  —  d)  cos^  ^  (o  —  a)  sin 
(S  +  d)  sin^  i(a  —  A)]. 

From  these  we  find  z'  y'  x'  by  means  of  the  equa- 
tions 

s'  =  ji-\-G,y'  =  y,x'  =  x 

Again,  suppose  m  to  represent  not  the  moon's 
centre  but  the  geocentric  zenith  of  the  observer, 
then  the  declination  of  m  will  be  equal  to  <p'  the 
geocentric  latitude  of  the  place ;  and  the  r  •  A  • 
to  fjL,  the  sidereal  time  of  the  observer,  expressed 
in  degrees.  If  the  observer's  distance  from  the 
earth's  centre  be  we  find  the  values  of  |,  »),  ? 
by  substituting  in  (7),  g,  ^,  <p'  for  r,  a,  S.  Thus 


sm  D 


„  =  J  |cos  D 


sin  (p'  -j-  cos  D  •  cos  <p'  cos 
cos  <fi'  cos 


sm  <p'  —  sm  D 

0*  -  A)j- 

I  ==  g  COS  (p'  sin  (ji  —  a). 

We  may  take  any  unit  of  length  for  r,  e,  g. 
Bessel  chooses  the  equatorial  radius  of  the  earth. 
If  the  moon's  equatorial  horizontal  parallax  be 
represented  by  !r,  the  sun's  mean  horizontal 
parallax  by  •pr',  and  the  distance  from  the  eartli 
to  the  sun's  centre  by  r',  where  the  mean  distance 
of  the  earth  from  the  sun  is  taken  as  unity,  we 
find 


r  =- 


sm  vr 


sin  !r' 


If  H  represent  the  sun's  mean  radius  for  r'  =  1, 
then  the  linear  radius,  or  i  is  k  — 

sm  !t' 

Consequently,  for  aU  solar  eclipses, 

sin  vr'     _  G  sin  V 

^      r'  sin  <x       ^  r' 

.    „     sin  H  +  K  sin  ^  \  no"). 

sin  /  =  =   '  ^  ' 

r'g 

s  tang  •/—  1  =  z  tang/ +^  k  -  sec/ 

The  numerator  of  the  expression  for  sin  /  is  con- 
stant for  all  solar  eclipses.  Generally  we  find 
from  observation  and  tables, 

log  sin  5r'  =  5-6189407 

log  (sin  n  -j-  7c  sin       =  7-6688050    I  (11). 

log  (sin  II  —  7c  sin  ir')  =  7-6666896 
There  are  additional  formula)  for  the  hourlj' 
variations,  times  of  commencement,  and  end,  &c., 
which  are  investigated  in  quite  similar  wavs! 
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We  give  merely  their  results  in  the  following 
recapitulation  of  what  Bessel's  method  for  calcu- 
lating eclipses  requires  us  to  do.— Let  t  represent 
a  convenient  assumed  time  near  conjunction. 
Take  from  the  Nautical  Almanack  for  two  or  three 
full  hom-3  before  and  after  t,  these  quantities 

a  =  moon's  r  •  a,  a'  =  sun's  R  •  a,  S  =  moon's 
declination. 

5'  ^-  sun's  declination,  t  =  moon's  equatorial 
horizontal  parallax. 
r'  =  earth's  radius  vector. 
Tlien  compute 

sin  8"  •  5776  l 
r  sin  !r    '  ~~  sin 

We  find  log  sin  •  8"  •  5770  =  5-6189107. 


Also  A  =  a'-'_'°il:i!°J:i:*  

1  —  e  cos  S  •  sec  S' 
e  (S  —  S') 


a') 


D  = 


1  — e 
1  —  e  cos  S  •  sec  P 


cos  D  •  sec  S' 
a;  =  r  cos  S  '  sin  (a  —  a) 
'  =  r  sin  (S  —  d)  cos'-'  |  (a  —  a)  -}-  r  sin 
(S  4"  r>)  sin'-'  ^  (a  —  a) 

=  ?■  cos  (}  —  d)  cos'-'  ^  (a  —  a)  -j-  7-  cos 
(,S  +  d)  sin'-*  ^  (a  —  r) 


siu/= 


7-6088050  7-6660896 
or 


r'  g       "       r'  g 
i  =  tang  •/ 
^=•2725 
1=  z  tang/  +  A  sec/ 

Also,  for  the  special  place  of  observation,  look  up 
=  the  sidereal  time 
fi'  —  tlie  same  for  Greenwich 
u  =  the  longitude  E.  from  Greenwich 
^'  =  the  geocentric  latitude 
J  =  the  earth's  radius  at  the  place. 

Also  compute  from  these 

I  =  J  cos  <p'  sin  O  —  a) 
»  =  J  sin  (p'  cos  D  —  {  cos  (p'  sin  d  cos  (jt,  —  a) 
K  =  i  sill  (p'  sin  D  +  f  cos  <p'  cos  d  -  cos  O  —  a) 
d  I  =  J  cos  (p'  cos  (jtt  —  a)  d  (ji  —  a) 
dn  =  ^smr) ' d  (fi  — a)  —  Zda 
m  sin  M  =  a;  —  | 


ni  cos  M  =  y  —  •» 
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«  sin  N  =  a;'  —  S  | 

cos  N  =   S  ^ 

X'  —  the  hourly  variation  of  x 
y'  =  the  same  for  y 
m  and  n  being  taken  always  positive 
I  —  z  ^  =  L 
m 

sm     =  —  sm  (m  —  n) 

L 

being  in  the  first  or  fourth  quadrant 
For  beginning  of  eclipse, 

<i  =  cos  (M  —  N  J  —  —  cos  ■•J'. 

For  end  of  eclipse, 

h  =  cos  (m  —  n)  H  cos 

Time  of  beginning  of  eclipse, 

=  T  +    +  fi- 
Time  of  end  of  eclipse, 

=  T  -f  «  -f  '2- 
Angle  from  north  point  for  beginning, 
=  180  -|-  N  —  Y  =  Qi- 
Angle  from  north  point  for  end, 

=  N  -|-  ■S?  =  Q2. 
Angle  from  vertex, 

=  Q  +  P  =  V. 

These  computations  need  only  a  few  modifica- 
tions to  be  adapted  to  the  occultation  of  a  star. 
There  is  for  this  case  no  diurnal  parallax,  and  so 
distant  is  the  star,  that  we  maj'  consider  the  rays 
touching  the  moon's  disc  as  in  the  shape  of  a 
cone  infinite  in  length  and  finite  in  breadth,  that 
is,  a  cyluider.  Hence/  r,  and  the  horizontal 
parallax  of  the  star  become  each  zero,  a'  =  a, 
S'  =  D,  Z  =  K.  Also,  -we  need  not  compute  s 
or  ^.  Since  A  besides  is  invariable,  being  th 
R  -  A  of  the  star,  —  A.)  =  dfi,  which  i 

one  solar  hour  is  l"*  0™  9'  •  8565 ;— easily  re- 
duced to  degrees,  and  to  the  proportion  of  th 

arc  to  the  radius  Examples  of  the  practic 

working  of  eclipses  and  occultations  consist  of  th 
mere  numerical  realization  of  these  results.  Th 
reader  will  find  several  examples  fully  ^v^ough 
out  in  Loomis's  Practical  Astronomy,  from  -whic 
much  of  the  preceding  article  has  been  taken 
He  is  referred  also  to  a  most  serviceable  an 
ingenious  memoir  by  the  Kev.  Temple  Cheval 
lier,  in  vol.  xix.  Memoirs  of  the  Astronomi 
Society,  for  a  separate  method  of  finding  Ui 
efl'ect  of  differences  of  parallax  in  occultation. 
This  enables  us  to  dispense  witli  the  more  labo 
rious  process,  except  for  some  standard  positio 
for  which  the  results  are  given  in  the  almanack 
to  wliich  results  we  merely  require  to  apply  co 
rections. 


632 


■ 


OCE 

Ocenn.  The  vast  collection  of  waters  on  the 
,'Iobe.  For  the  most  part  they  occupy  the  lower 
or  depressed  flats, — which  in  our  globe  are  found 
in  greatest  number  and  continuity  in  the  Southern 
Hemisphere,  just  as  the  oceanic  portion  of  the 
Moon  must  be  in  the  Hemisphere  turned  away 
from  us.  By  calculation  the  actual  surface  of 
the  globe  is  about  197,000,000  square  miles; 
and  of  this  145,000,000  are  covered  by  the  ocean. 
The  depths  of  this  mass  of  water  greatly  varies ; 
a  fact  of  great  importance  because  of  its  influence 
on  the  tidal  wave.  Many  phenomena  of  the  ocean 
do  not  at  present  come  under  our  cognizance — 
such  as  its  saltness,  &c.  The  regular  movements 
that  agitate  it,  are  described  under  Tides,  and 
the  article  immediately  subsequent  to  this  one. 

Oceanic  Currents.  Independently  of  the 
motions  of  the  waters  occasioned  by  the  tides, 
by  differences  of  level,  and  by  saltness,  the  sur- 
face of  the  ocean  is  furrowed  by  ciurents,  whose 
direction  it  is  of  gi'eat  importance  the  navigator 
should  know,  that  he  may  foUow  or  avoid  them 
as  he  requires.  Although  these  phenomena — 
which  concern  navigation  and  terrestrial  physics 
in  the  highest  degree,  have  been  an  object  of 
study  by  all  navigators,  we,  nevertheless,  do  not 
yet  know  the  whole  causes  of  their  production. 
Before  entering  into  details  on  this  subject,  it  is 
necessary  to  ascertain  the  direction,  the  position, 
and  the  extent  of  the  different  currents  which 

manifest  themselves  in  the  mass  of  the  ocean  

Currents  may  be  classed  under  three  great  divi- 
sions, comprehending,  1st,  Constant  Currents; 
2d,  Periodical  Currents;  3d,  Variable  and  Ac- 
cidental Currents. — The  currents  of  the  two  latter 
divisions  are  less  extended  than  those  which  con- 
stitute the  first ; — we  shaU  pass  them  successively 
under  review. 

I.  Constant  Currents. — Captain  Duperrey,  in 
marking  on  a  map,  his  own  observations,  and 
those  obtained  by  the  voyages  of  Cook,  Baudin, 
Flinders,  and  other  navigators,  has  succeeded  in 
finding  the  direction  of  the  great  currents  which 
circulate  over  the  surface  of  the  sea,  and  in  con- 
necting all  the  partial  currents  with  each  other. — 
We  are  about  to  endeavour  to  show  what,  accord- 
ing to  him,  is  the  distribution  of  those  currents 
which  act  so  important  a  part  in  the  transport  of 
all  organized  bodies  from  one  country  to  another. 
— The  South  Pole  is  the  starting  point  of  three 
cnrrents  of  cold  water.  The  first,  is  directed 
towards  the  east,  and  strikes  the  western  coast 
'^f  South  America,  where  it  divides  into  two 
branches  about  the  40°  of  south  latitude;  the 
southern  branch  coasts  along  Patagonia,  turns 
round  Cape  Horn  and  warms  its  shores,  be- 
cause it  comas  from  lower  latitudes  and  runs 
into  colder  regions ;  the  northern  branch,  which 
IS  the  most  extended,  on  the  contrary,  coasts 
along  Peru  and  Chili,  and  softens  the  climate 
of  the  countries  near  the  equator,  which  dif- 
fers, as  Ls  well  known,  considerably  from  that 
of  Brazil.    This  northern  current,  after  having 
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coasted  along  Peru,  takes  a  bend  through  the 
Pacific,  in  a  direction  from  east  to  west,  and  con- 
stitutes that  which  formerly  was  called  the  great 
equatorial  current.  New  Zealand  is  placed  in 
the  midst  of  that  part  of  the  ocean  which  is  not 
affected  by  the  principal  current,  or  by  that  branch 
of  it  which  has  followed  the  equinoctial  line. 
— To  the  equatorial  cuiTent  of  the  southern 
hemisphere  another  is  joined  in  the  same  direc- 
tion, coming  from  the  northern  hemisphere,  and 
which  is  separated  from  it  by  a  space  of  7°  in 
breadth,  mainly  situated  to  the  north  of  the  line, 
and  where  there  is  a  sort  of  eddy,  that  takes  a 
direction  contrary  to  that  of  the  currents.  These 
two  currents  are  warmed  in  approaching  the 
Carolines,  and  their  path  is  continually  inter- 
fered with  by  the  various  islands.  In  the  vicinity 
of  the  great  Asiatic  Archipelago,  this  great  cur- 
rent divides  itself  into  two  branches.  The  one 
flows  towards  the  north,  the  other  towards  the 
south.  The  first  branch  takes  a  direction  pri- 
marily towards  the  north  and  north-east,  pass- 
ing between  the  Marianne  and  Japan  islands,  then 
coasting  along  the  Aleutian  islands,  but  without 
reaching  Kamtschatka;  before  coming  there  it 
turns  to  the  east,  then  to  the  south,  falling  back 
again  into  the  great  equinoctial  current  about 
the  termination  of  the  peninsula  of  California. — 
The  second  branch  flows  towards  the  eastern  side 
of  Xew  Holland,  turns  round  New  Zealand,  re- 
joins the  southern  central  current,  which  it  warms 
in  its  western  portion ;  extends  below  Van  Die- 
men's  Land,  and  mixes  with  a  branch  of  the 
second  Austral  polar  current  rising  in  the  meri- 
dian of  the  Indies,  and  directing  itself  towards 
the  east,  like  all  currents  of  cold  water. — This 
second  great  current  of  cold  water,  situated  to  the 
west  of  the  central  current,  strikes  on  the  western 
coast  of  New  Holland,  flowing  northward  to- 
wards the  islands  of  Java  and  Sumatra,  where 
it  joins  that  part  of  the  great  equinoctial  cur- 
rent, which  has  not  been  arrested  in  the  Asiatic 
archipelago  by  the  numerous  obstacles  it  has 
met  in  its  course.  Tliis  current  flows  west- 
ward, takes  a  route  towards  the  south,  between 
Africa  and  Madagascar,  and  turns  round  the  Cape 
of  Good  Hope,  where  it  is  a  current  of  hot  water. 
It  then  unites  again  with  the  third  southern 
current,  which  passes  along  the  western  coast  of 
Africa.  It  serves  to  feed  the  equinoctial  current 
of  the  Atlantic,  and  forms  the  Gulf  Stream,  for 
an  admirable  description  of  which  we  are  indebted 
to  Humboldt.  This  current  enters  the  Gulf  of 
Mexico,  passes  round  it,  issues  by  the  Straits  of 
Bahama,  runs  from  the  south-west  to  the  north- 
east at  a  certain  distance  from  the  coast  of  tlie 
United  States,  preserving  a  more  or  less  consider- 
able portion  of  the  temperature  which  it  had  be- 
tween the  tropics.  It  then  divides  itself  into 
two  branches ;  one  of  which  flows  nortliward, 
modifying  the  climate  of  Iceland,  tlie  Orkney 
and  the  Shetland  Islands,  and  Norway ;  tlie  other 
branch  maltes  a  gradual  sweep,  and  ends  by 


633 


OCE 

retracing  its  course,  traversing  the  Atlantic  from 
north  to  south,  sometimes  verj'  nearly  approach- 
ing the  shores  of  Spain  and  Portugal.  After  a 
long  circuit,  the  waters  rejoin  the  equinoctial 
current  ft-om  whence  they  issued. — This  great 
equinoctial  current  of  the  Atlantic  extends  over  a 
considerable  space  on  each  side  of  the  line,  vary- 
ing according  to  the  apparent  situation  of  the 
sun.  From  the  16°  to  the  30°  of  latitude  is  the 
limits  assigned  to  it.  Beginning  to  be  perceptible 
at  the  south-west  of  the  Azores,  it  is  very  feeble 
at  the  15°  to  the  25°  of  latitude.  Near  the  line 
its  direction  is  less  steady  than  towai-ds  the  10° 
from  15°,  and  it  directs  itself  towards  the  Bay  of 
Honduras,  traverses  the  Gulf  of  Mexico,  and 
throws  itself  with  impetuosity  into  the  straits  of 
Bahama,  with  a  velocity  of  two  meters  a  second, 
notwithstanding  the  north  winds  which  constantly 
prevail  in  this  region :  after  this,  it  follows  the 
direction  indicated  above. — About  the  33°  of 
latitude,  a  navigator  may,  according  to  Hum- 
boldt, pass  in  the  same  day  from  the  eastern  into 
the  western  current. — At  Cape  Blanco,  this  cur- 
rent, after  flowing  along  the  coast  of  Africa, 
takes  a  direction  first  towards  the  south-west, 
and  re-unites  itself  to  the  Great  Equatorial  cur- 
rent, called  the  Gulf  Stream.  The  two  currents 
are  separated  by  a  zone  of  140  leagues  in  breadth. 
It  is  estimated  that  the  waters  of  this  great 
current,  according  to  the  velocities  observed,  go 
through  a  circuit  of  3,800  leagues  in  the  space 
of  three  years;  viz.,  thirteen  months  in  going 
from  the  Canary  Islands  to  the  coast  of  the 
Caraccas ;  ten  in  making  the  circuit  of  the  Gulf 
of  Mexico ;  two  in  reaching  the  banks  of  New- 
foundland, and  from  ten  to  eleven  in  returning 
to  the  coast  of  Africa.  At  about  the  45°  or  50° 
of  latitude,  the  Gulf  Stream  directs  one  of  its 
branches  towards  the  north-east,  upon  the  coast 

of  Europe  The  temperatures  of  this  immense 

current,  which  plays  so  important  a  part  in  navi- 
gation, are  not  without  interest.  IBetween  the 
40°  and  41°  of  latitude,  its  temperatOTe  is  64° ; 
under  the  parallel  of  Charleston  it  is  68°,  and 
the  waters  outside  it  are  57°.  Near  the  banks  of 
Newfoundland  it  is  only  from  44°  to  46°. —  Such, 
then,  according  to  Captain  Duperrey,  are  the 
effects  produced  by  the  great  Austral  central 
current,  whose  course  he  has  traced  over  the 
whole  surface  of  the  ocean  with  great  sagacity. 
Let  us  take  this  current  when  it  strikes  the  coast 
of  Chili,  where  one  portion  of  it  ascends  towards 
the  equator,  and  the  other  descends  towards  Cape 
Horn.  That  which  directs  itself  towards  tlie 
south,  appears  to  have  cut  up  the  western  coasts 
of  Patagonia,  produced  the  islands  wliicli  sur- 
round it,  and  separated  Terra  del  Fuego  from 
the  continent.  This  current  renders  the  passage 
round  Cape  Horn  very  difficult.  To  escape  it,  it 
is  needful  to  sail  to  a  considerable  distance.  That 
portion  which  goes  northward  appears  to  have 
hollowed  out  that  great  indentation  on  the  western 
coast  of  America,  between  the  26°  and  the  15° 
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of  latitude,  thus  contributing  to  give  tt  its  present 
configuration.  The  current,  which  exercises  so 
great  an  influence  upon  the  southern  coasts  of 
South  America,  is  intimately  connected  with  the 
general  direction  of  the  winds,  and,  in  conse- 
quence, with  the  progress  of  the  sun.  In  reality, 
it  has  been  observed  that  the  current  ascends  to- 
wards the  north  when  our  luminary  is  in  the 
northern  hemisphere,  whilst  it  descends  towards 
the  other  side  of  the  line  when  the  sun  is  in  the 
southern  hemisphere.  The  measures  of  the  tem- 
perature of  the  waters  of  this  current,  before  it 
reaches  the  shores  of  America,  leave  no  doubt  on 
this  point.  In  fact,  between  105°  and  90°  of 
longitude,  the  thermometer  indicates,  in  the 
month  of  January,  39°,  whilst  after  hav- 
ing touched  the  coast,  tlie  branch  which  runs 
in  the  direction  of  Cape  Horn,  has  a  tem- 
perature of  48°  in  the  vei-y  offings  of  the  coast. 
This  effect  cannot  be  attributed  to  continental 
heat,  by  reason  of  its  low  temperature ; — but  to 
this — that,  from  the  point  of  departure  of  this 
portion  of  the  current,  the  temperature  of  the  sea 
is  higher  than  that  of  the  air ;  on  the  coasts  of 
Peru,  the  contrary  takes  place.  Thus,  the  prin- 
cipal branch  of  the  current  flowing  from  the 
South  pole,  becomes  so  far  warmed  in  approach- 
ing the  30°  of  latitude,  as  to  raise  it  to  a  tem- 
perature higher  than  that  of  Chili,  whose  climate 
it  ameliorates,  whilst  the  portion  which  flows 
towards  the  north  being  inferior  to  that  of  Peru, 
necessarily  lowers  its  climate.  The  influence 
which  the  heat  of  the  current  exercises  upon 
the  temperatvure  of  the  coast,  has  explained  cer- 
tain facts  which  had  not  before  been  understood. 
In  Peru,  where,  owing  to  the  action  of  the  cur- 
rent, the  temperature  is  very  mild,  the  inhabi- 
tants cultivate  the  ground  without  the  help  of 
slaves,  and  consequently,  the  Spanish  colonies 
have  been  presers-ed  intact — It  is  otherwise  in 
Brazil — under  the  same  parallels  of  latitude,  the 
excessive  heat  has  induced  tlie  Portuguese  to  call 
in  the  aid  of  the  African  in  the  cultivation  of 
the  soil.  The  like  reason  explauis  how  it  is  that 
vegetation  presents  the  same  characteristic  fea- 
tures in  Chili  as  in  Terra  del  Fuego,  and  that  the 
humming  bird  is  found  in  Chili  as  well  as  at  Cape 
Horn. — The  direction  of  the  currents  from  east 
to  west,  in  the  great  ocean,  also  shows  us  how  it 
is  tliat  the  natives  of  the  South  Sea  Islands  have 
never  reached  America  with  their  canoes. — Major 
Eennel  thinks  that  the  unmense  mass  of  fucus 
which  covers  the  sea  to  the  west  of  the  Azores, 
to  an  extent  comparable  to  that  of  France  (which 
is  called  the  grassy  sea),  is  brought  by  the  Gulf 
Stream  from  the  Gulf  of  Mexico.  The  opinions, 
however,  of  navigators  on  this  point,  are  by  no 
means  miiform.  Some  thinlc  that  these  fuci  may 
have  grown  upon  the  reefs  at  the  bottom  of  the 
ocean  in  its  shallower  parts,  and  that  they  vege- 
tate up  to  the  very  surface  of  the  waters.  Be- 
sides, according  to  the  observations  of  Humboldt 
and  Major  Kennel,  this  grassy  sea,  which  was 
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fir  t  observed  by  Columbus,  has  not  changed  its 

place  either  in  latitude  or  longitude  Captain 

I  Duperrey  has  made  a  special  study,  in  his  navi- 
.  gation  in  the  Coquille,  of  the  current  of  hot 
I  water  which  passes  between  New  Holland  and 
I  New  Zealand,  to  rejoin  the  central  southern  cur- 
r  rent. — TVe  give  here  some  thermometrical  obser- 
\  vations  which  he  has  made,  the  one  to  the  east, 
E  the  other  to  the  west,  of  New  Holland : — 


latitude. 

33°28'  S. 
33  51 

36  10 

37  51 
37  19 
39  59 

42  38 

43  43 
43  40 
46  44 


December, 

Longitude. 
102°  8'  E. 

150  32 
104  30 
107  21 
153  22 
109  39 
116  42 
124  36 

151  39 
146  67 


1823. 
Temp.  Air. 

61°70' 
69  62 
67  92 

57  92 
67  64 
55  76 
53  78 
51  26 

58  48 

59  0 


Tenp  Sea. 
62°78' 
71  6 
58  64 
58  64 
67  28 
54  86 
51  98 
51  26 
58  28 
54  86 


I  It  is  remarked  that  the  observations  on  the  east 
sside  give  much  higher  numbers  than  those  on 
I  the  west  coast  The  presence  of  the  current  is 
iiindicated  by  a  difference  of  more  than  7°  of 
litemperature  in  passing  from  43°-40'  to  43°. 
.\At  the  latitude  of  46°44  the  current  has  a  velo- 
icity  of  21  miles  towards  the  south,  and  of  42 
I  miles  towards  the  east. — The  following  table 
■  presents  the  results  of  other  thermometrical  ob- 
"iservations  made  by  Captain  DupeiTey,  relative 
::to  the  current  of  hot  water  between  the  Japan 
siand  Marianne  islands.  Each  of  these  tempera- 
trtures  is  the  mean  of  all  the  observations  made 
Bievery  two  hours  in  the  four-and-twenty  hours : — 

KDates,  1819.   Latitude.  Longitude.   Temp.  Air.  Temp.  Sea. 

:e4Jnne  24WN.    153°39' E.    SOW  81°32' 

:  3  August.. .23  44  205  50  73   4  73  76 

UJuly  2616  156  56  80  6  78  26 

:2Au^t....26  1  205  5  71  6  72  50 

*  4  July  30  29  160  22  76  46  80  6 

!131July  30  29  203  45  71  78  71  96 

«  6  July  .12  59  160  47  76  46  76  46 

B30  July  32  55  203  17  71  78  71  96 

10  July  36  44  163  45  72  14  7124 

KSJuly  36  43  201  42  72-50  72  32 

*19Jn]y  51  12  185  5  65  48  63  32 

WO  July. ......41  2  18849  66  92  6188 

— ^The  currents  belonging  to  the  north  pole  pro- 
,  liduce  verj-  remarkable  effects.    It  is  they  which 
,  irbring  down  upon  the  coast  of  Iceland  that 
[  ienonnou.s  quantity  of  ice  filling  the  northern 
Vipniia.    Sometimes,  instead  of  ice,  they  transport 
kthere  immense  masses  of  floating  wood.  These 
,  ntrees,  according  to  all  appearance,  come  from 
,  SSiberia  and  Northern  America.  They  are  similar 
»in  kind  with  those  found  growing  in  Mexico  and 
liBrazO.    They  are  generally  the  trunks  of  pines, 
f&n,  and  some  of  resinous  and  mahogany  trees. 
■bThese  last  are  invariably  pierced  by  the  teredo— 
»  testaceous  mollusc. — We  shall  mention  a  few 
joartial  currents  to  complete  the  sketch  we  have 
wrawn  of  the  constant  currents  which  furrow  the 
wcean.    A  current  is  found  in  Gascony,  directed 
"Mwards  the  north-east,  which  is  probably  only  a 
portion  of  the  Gulf  Stream.  In  the  Mediterranean 
Pmere  exifts  another  which  washes  the  northern 
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shores  of  Africa.  This  cumnt  flows  towards  the 
north-east  to  the  coasts  of  Syria,  seems  arrested 
at  the  island  of  Candia,  returns  upon  Sicilj'-, 
and  thence  to  the  coast  of  Spain.  Is  this  cur- 
rent a  part  of  the  Gulf  Stream,  or  does  it  not 
rather  depend  on  the  unequal  evaporation  of  the 
waters  of  the  Mediterranean  and  the  ocean  ?  The 
latter  hypothesis  is  the  more  probable.  Currents 
are  likemse  found  in  the  straits  of  Constantinople 
— in  the  Dardanelles,  and  in  the  Greek  Archi- 
pelago ;  all  directed  towards  the  Mediterranean. 

II.  Penodic  Currents. — The  equinoctial  current, 
as  we  have  said  above,  is  modified  in  approach- 
ing the  great  Asiatic  Ai-chipelago,  hy  the  mon- 
soons ;  this  affords  a  proof  of  the  influence  of  the 
displacement  of  masses  of  air  on  marine  currents, 
Numerous  examples  of  periodic  currents  are  found 
along  the  coasts,  especially  in  the  Indian  and 
Chinese  Seas,  where  the  sun  is  in  his  southern  or 
northern  decimation.    1st.  Thus,  in  the  Gulf  of 
Manar,  between  Ceylon   and  Cape  Comorin, 
there  is  a  current  directed  towards  the  north  from 
the  month  of  May  to  the  month  of  October,  and 
passes  to  the  south-west  or  south-south-west  dur- 
ing the  other  months ;  its  ordinary  velocity  at 
the  coast  is  a  league  an  hour.    Along  the  coast 
of  Ceylon,  from  Point  Pedro  on  the  north  of  the 
island  to  the  Point  de  Galle  on  the  south,  cur- 
rents prevail  directed  towards  the  south  and  south- 
east, and  along  the  line  of  the  coast,  and  which 
have  but  little  force  in  June  and  November.  In 
the  Bay  of  Bengal,  the  monsoons  give  rise  to 
marine  currents  during  their  continuance.  In 
the  Chinese  seas,  the  currents  are  generally  di- 
rected towards  thenorth-east,  from  the  15th  ofMay 
to  the  1 5th  of  August,  and  have  a  contrary  direction 
from  October  to  March  or  April.    The  velocity 
is  in  general  greater  during  October,  November, 
and  December,  than  that  of  the  opposite  currents 
in  May,  J une,  and  J uly.    The  strongest  current 
in  these  seas  is  that  which  is  near  the  coast  of 
Cambodia,  and  which  goes  southward  at  the  end 
of  November  with  a  velocity  of  a  metre  to  a 
metre  and  a-half  per  second.    These  currents  are 
felt  in  other  regions  near  the  coast  of  Africa,  and 
in  America.    Examples  might  be  multiplied  of 
periodical  currents,  showing  the  influence  of  the 
seasons  on  their  direction ;  but  they  have  not  an 
extent  so  great  as  the  great  general  currents  of 
which  we  have  spoken.    Periodical  currents  are 
observed,  which  have  in  part  for  their  cause  the 
unusual  evaporation  of  the  waters,  combmed  with 
the  effects  of  the  prevailing  winds.    It  is  thus, 
that  a  current  exists  from  the  ocean  into  the  Red 
Sea  from  October  to  May,  and  a  current  of  an 
opjjosite  direction  during  the  rest  of  the  year. 
The  waters  of  the  Persian  Gulf  present  an  in- 
verse effect ;  from  October  to  May,  a  marine 
current  nms  from  the  gulf  into  the  ocean,  and 
from  May  to  October,  from  the  ocean  into  the 
gulf. 

III.   Variable  and  Accidental  Currents.  

These  currents  are  not  dependent  on  any  regular 
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law ;  they  are  produced  either  by  the  influence 
of  variable  winds  which  prevail  along  a  coast 
during  many  days,  or  by  tempests,  or  water- 
spouts, &c.  AVe  shall  notice  only  slightly 
movements  which  are  independent  of  winds  and 
of  tides,  and  which  sometimes  produce  small 
cuiTents  in  the  surface  of  the  sea;  Humboldt 
has  thus  described  them  in  his  travels  in 
America : — "  When  the  sea  is  peifectly  calm, 
there  appear  on  its  surface  narrow  belts,  like 
small  rivulets,  and  in  which  the  water  runs  with 
a  noise  very  perceptible  to  the  ear  of  an  experi- 
enced pilot.  On  the  15th  of  June,  in  about  34° 
36'  of  north  latitude  we  found  ourselves  in  the 
midst  of  a  great  number  of  these  beds  of  currents ; 
we  were  able  to  determine  their  direction  by  the 
compass.  Some  were  flowing  to  the  north-east, 
others  to  the  east-north-east,  although  the  gene- 
ral motion  of  the  ocean  indicated  by  a  compari- 
son of  the  log  and  of  the  chronometrical  longi- 
tude continued  to  be  towards  the  south-east.  It  is 
very  common  to  see  a  mass  of  motionless  water 
crossed  by  ridges  of  water,  which  run  in  differ- 
ent directions.  This  phenomenon  may  be  ob- 
served every  day  in  the  smface  of  our  lakes ; 
but  it  is  more  rare  to  find  partial  movements, 
impressed  by  local  causes  on  small  portions  of 
water  in  the  midst  of  an  oceanic  river  occupj'ing 
an  immense  space  and  moving  in  a  constant  di- 
rection, although  with  an  inconsiderable  velocity. 
In  this  conflict  of  currents,  as  in  the  oscillation  of 
waves,  our  imagination  is  struck  with  these 
movements  which  seem  to  penetrate  each  other, 
and  by  which  the  ocean  is  incessantly  agitated." 

IV.  Cause  of  Currents. — Many  causes  have  been 
assigned  by  Franklin,  Bennet,  &c.  Bernouilli  has 
admitted  that  as  the  motion  of  the  rotation  of  the 
earth  must  leave  behind  it  the  waters  and  the 
atmosphere,  there  will  result  marine  and  atmo 
spherical  equatorial  currents  in  a  dhection  con- 
trary to  the  movement  of  the  rotation  of  the  earth 
from  east  to  west.    D'Alembert  and  La  Place 
have  not  found  the  reasons  of  Bernouilli  sufficient 
to  explain  marine  currents  and  trade  winds, 
Some  think  that  the  trade  winds — of  which  we 
shall  speak  under  Winds  —  which  blow  con 
stantly  in  the  equatorial  seas  from  east  to  west, 
produce  a  liquid  intumescence  in  the  vicinity  of 
the  equator  on  the  eastern  coast  of  Africa,  from 
which  results  an  accumulated  mass  of  water 
that  ])0urs  without  ceasing  from  north  to  soutli 
by  the  straits  of  Mozambique.    Arrived  at 
Cape— being  there  no  longer  arrested  b\ 
African  coast— it  precipitates  towards  the  west 
Such  is  the  cause  which  has  been  assigned  for 
the  current  off  the  Cape  of  Good  Hope.  Ac- 
cording to  this  mode  of  viewing  it,  the  equmoc 
tial  current  of  the  Atlantic  would  have  a  smiilar 
origin  :  in  fact,  the  constant  impulse  of  the  trade 
wind  upon  the  waters  which  adjoin  the  equator 
to  the  north  and  to  the  south,  must  also  produce 
a  great  accumulation  of  water  on  the  coast  ot 
America :  from  thence  arises  a  general  motion  of 
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the  Caribbean  Sea,  towards  the  strait  which 
separates  the  eastern  point  of  Yucatan  from  the 
western  point  of  Cuba ;  whence  an  elevation 
of  the  level  of  the  sea  in  the  Gulf  of  Mexico, 
and  consequently,  the  production  of  that  current 
which,  in  issuing  by  the  straits  of  Bahama,  forms 
the  Gulf  Stream.    The  current  at  the  Straits  of 
Gibraltar  is  attributed  to  the  lower  level  of 
the  Mediterranean,  owing  to  an  abundant  evap- 
oration, not  nearly  compensated  for  by  the  waters 
delivered  by  the  rivers  into  this  sea ;  an  evapora- 
tion much  more  powerful  than  that  usually  tak- 
ing place  in  consequence  of  the  elevated  tempe- 
rature of  the  Mediterranean.    It  is  impossible  to 
give  a  complete  theory  of  marine  currents,  igno- 
rant as  we  are  of  the  entire  causes  which  combine 
in  producing  them.    It  is  not  enough  indeed,  to 
know  merely  the  currents  which  furrow  the  sur- 
face of  the  seas,  but  we  ought  besides  to  have 
some  idea  of  the  ciurents  produced  by  the  differ- 
ences of  temperature  and  of  saltness  at  different 
depths,  and  of  these  sub-marine  currents,  in  con- 
tact with  the  bed  of  the  sea,  which  convey  the  cold 
waters  of  the  polar  regions  as  far  as  the  equator. 
On  the  other  hand,  the  waters  of  the  ocean,  near 
the  poles,  are  moved  from  west  to  east  with  a 
very  feeble  velocity  in  consequence  of  the  diur- 
nal motion ;  in  making  their  way  towards  the 
temperate  and  hot  regions  their  motion  is  accele- 
rated, and  there  results  relative  currents  directed 
from  the  east  towards  the  west.    The  currents 
that  we  have  described  are  thus  only  effects  issu- 
ing from  the  final  state  in  which  the  surface  of 
the  sea  is  found,  under  the  combined  influence  of 
many  very  complex  causes. 

Ociaiis.  One  of  Lacaille's  constellations 
round  the  south  pole.  It  has  no  stars  larger  than 
the  fifth  magnitude. 

Octant.  Properly  the  eighth  part  of  a  cu-- 
cular  arc  or  angle.  Hence  the  instrument  called 
Hadley's  Quadrant— which  from  its  peculiar  con- 
struction is  of  the  form  of  an  octant— is  sometime* 
called  alternatively  by  this  name.  The  word  is 
also  used  m  astrology,  as  equivalent  to  the  oclile 
aspect. 

Octnvc.  In  music,  is  the  sum  of  the  notes  of 
the  scale.  The  ratio  of  the  note  at  its  one  ex- 
tremity to  that  at  the  other  is  2  to  1.  It  embraces 
all  possible  primitive  sounds ;  and  although  we 
wish  to  have  any  higher  or  lower,  we  cannot 
change  the  notes  essentially  m  character  as  per- 
ceived by  the  ear.  One  may  be  louder  than  the 
other,  but  the  same  note  is  repeated.  See  Acous- 
tics. 

O  parity.  That  property  which  matter  has  of 
withstanding  the  raj'S  of  light  All  matter  does 
to  some  extent  absorb  these  rays ;  and  some,  in- 
stead of  allowing  it  to  pass  or  absorbing  it,  prefer] 
rather  to  throw  it  back  (Reflection).  Thesal 
eff"ects  are  quite  to  be  anticipated  from  the  theory 
that  light  is  caused  by  the  rapid  vibrations  or. 
undulations  of  a  very  thin  ether.  The  metals 
arc  the  most  opaque  of  all  existing  bodies.  Thef 
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I'llI  cause  of  opacity  and  the  state  of  the  interior 
irticles  dependent  on  it,  is  not  yet  understood. 
Opposition.     See  Conjunction  for  the 
Astronomical,  and  Aspect  for  the  Astrological 
connection  of  the  term. 

Optics.    The  science  which  treats  of  the 
phenomena  of  light.    It  is  concerned  with  the 
causes  of  light,  and  the  changes  which  it  under- 
goes  in  given  circumstances.-  Many  of  the  em- 
pirical laws  of  these  changes  had  been  dis- 
covered  before  any  settled  theory  of  the  causes  of 
l.light  had  been  arrived  at,  and  are  even  still, 
abetter  expounded,  when  all  consideration  of  the 
intimate  character  of  light,  and  of  the  physical 
;.  facts  which  truly  correspond  to  the  laws  which 
»we  observe  and  deduce,  are  dismissed  from  the 
nniind.   These  phenomena,  once  inferred  from  the 
e  empirical  laws,  take  their  proper  place  in  a  com- 
pplete  physical  theory,  along  with  these  laws. 
1  The  branch  of  optics  which  treats  of  such  laws 
iand  phenomena,  dismissing  in  this  manner  all 
j. purely  physical  ideas,  is  appropriately  called 
geometrical  optics.   Its  theorems  are,  in  fact,  just 
like  algebraical  theorems,  applicable  to  any  real 
quantities,  by  the  proper  substitutions,  and  it  is 
only  in  making  these  substitutions  that  the  science 
at  all  differs  from  pure  mathematics. — Optics 
itreats  of  three  points, — the  reflection,  the  re- 
i'lfraction,  and  the  ditFiision  of  light.    The  former 
ftwo  have  been  already  discussed  in  the  articles 
'  on  Catoptrics  and  Dioptrics.   We  shall  pro- 
iiceed  very  briefly  to  consider  the  latter.  Its 
-'Subject  is  the  intensity  of  light,  or  the  question 
las  to  the  number  of  equally  bright  raj's  faU- 
:ing  upon  surfaces  of  equal  area.    This  gives  a 
"measure  of  relative  intensitj',  not  an  absolute 
■i  unit  of  intensity.    The  latter  might  be  readilj' 
fixed  by  taking  the  intensity  produced  by  a  light 
easily  procurable  of  a  fixed  amount — as  of  a  gas- 
light having  a  fixed  size  of  jet,  and  burning  gas 
obtained  in  a  standard  way,  placed  at  a  standard 
:  distance.    For  relative  intensity',  however,  the 
'  definition  above    given    is    sutBcient.  —  One 
law,  upon  which  difibsion  depends  is  this, 
ilthat  the  ra)'s  of  light  proceed  through  uniform 
It  media  in  straight  lines.    Assuming  this,  it  is 
-5  easy  to  show  that  the  intensity  of  light  on  a 
1  small  illuminated  surface,  is  to  the  intensity  on 
another  such  small  surface  illuminated  from  the 
same  point,  inversely  as  the  squares  of  the  per- 
pendicular distances  of  the  surfaces  from  the 
point.     The  same  rays,  emerging  from  the 
point  spread  over  spaces,  at  different  distances 
proportional  to  the  squares  of  the  distances. 
— "We  have  supposed  that  the  light  falls  per- 
I'ondiculariy  on  the  surfaces.    It  often  does  not 
Suppose  it  to  fall  obliquely  on  a  little  sur- 
face.    Take  any  oblique  line  B  d,  and  let  a 
be  the  luminous  point.    Then  the  rays  falling 
''I'on  B  D  are  exactly  the  same  as  those  which 
I  ill  upon  the  perpendicular  line,  b  c  —  and 
B  c  and  n  d  be  small,  we  may  imagine  all 
tlie  rays  falling  on  b  c  to  be  perpendicular  to 
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it.  Then  the  rays  falling  upon  b  d,  will  give  a 
less  intensity  at  every  point  of  it,  than  the  same 
rays  give  upon  b  c,  in  the  proportion  of  b  c  to 
B  D  (inverse  proportion  of  surfaces  on  which 
equal  amounts  of  light  fall).  But  bo  bears  to 
B  D  the  ratio  of  the  cosine  of  the  angle  c  b  d  (or 
A  B  o),  which  is  the  angle  of  incidence  of  the 
rays  upon  bd,  to  one.  Hence  the  intensity  of 
the  light  on  any  small  space,  bd  wll  be  propor- 
tional directly  to  the  cosine  of  the  angle  at  wliich 
the  luminous  rays  fall  upon  the  space,  and  in- 
versel}-  to  the  square  of  the  distance  of  any  point. 
This  law  is  included  in  that  already  stated. — 
There  is  still  one  other  proposition.  It  is  this, 
that  objects  appear  equally  luminous  at  whatever 
distance  from  them  we  ma.y  stand,  not  increasing 
in  luminosity'  as  we  approach,  or  diminishing  as 
we  recede. — As  we  approach,  the  light  from  a 
surface,  caught  by  the  eye  increases,  and  a."*  we 
recede,  diminishes  as  the  square  of  the  distance 
undoubtedly— but  the  surface  has  appeared  to 
increase  and  diminish  in  exactly  the  same  ratio. 
It  subtends  at  half  any  distance  from  the  ej'e, 
twice  as  great  a  lineal  angle,  and  four  tunes  as 
gi-eat  a  solid  angle  as  before.  Hence,  though  the 
light  has  increased  to  four  times  its  original 
amount,  yet  the  surface  on  which  it  is  spread, 
which  is  always  measured  by  the  solid  angle 
which  it  subtends  at  the  eye,  is  increased  by  an 
amount  exactly  proportional.  Therefore  the  two 
— the  apparent  surface,  and  the  real  amount  of 
light — increase  or  diminish  together  at  the  same 
rate,  and  the  body  appears  equally  luminous, 
whether  we  advance  or  recede  from  it. — For  the 
Physical  theory  of  Optics,  see  Colours,  Dif- 
fraction, Light,  PoLApazATioN,  and  other 
special  articles. — We  recommend  especially  Sir 
David  Brewster's  general  treatise  on  Optics;  and 
beyond  everything  else,  the  most  remarkable  set 
of  diagrams  by  Engel  and  Schellbach, 

Optics,  Practical, 
for  that  branch  of  Optics  yet  open  to  experi- 
mental inquiry.  Thus  we  know  that  the  law  of 
refraction  gives  a  definite  refractive  index.  Prac- 
tical Optics  seeks  to  determine  for  each  body 
what  this  is.  Like  all  other  sciences  called  prac- 
tical, it  is  connected  with  inquiries  which  no 
theory  yet  ventures  almost  to  propose — such  as 
the  law  wliich  establishes  for  each  body  its 
especial  refractive  index.  It  is  concerned  also 
with  the  construction  and  use  of  optical  instru- 
ments, such  as  the  Camera,  the  Ileliostat,  Micro- 
scope, Telescope,  &c.  (q-v.);  and  afl  those  branches 
of  what  we  have  called  geometrical  or  physical 
optics,  relating  to  the  various  contrivances  for 
dividing  and  sub-dividing  space  in  optical  in- 
struments, are  generally  also  included  within 
it. 

Orb,  is  the  old  name  for  the  supposititious 
crystal  spheres  of  the  ancient  astronomy,  iu 
which  the  planets  were  supposed  to  move.  It 
signified  originally  any  round  body,  and  hence 
now  that  that  theory  is  exploded,  the  term  is 
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generally  applied  to  the  mass  of  a  planet  or  satel- 
lite, or  of  the  sun — all  nearly  circular. 

Orbit, — means  the  relative  path  in  which  a 
planet  travels  round  the  sun,  or  a  satellite  round 
its  primary.  In  explaining  the  heavenly  mo- 
tions, and  even  sometimes  in  conceiving  them, 
it  is  useful  to  take  for  the  really  complicated 
figures  through  which  the  various  bodies  pass, 
others  much  simpler  but  not  imlike  them  in  out- 
line. Thus  we  may  suppose  that  the  earth 
moves  in  an  uniform  circular  path  (see  Ano- 
maly), round  the  sun,  and  so  with  the  other 
planets  and  with  the  satellites.  In  more  deli- 
cate explanations  we  take  a  figure  still  more 
closely  resembling  the  actual  orbit — the  ellipse 
in  which  each  planet  would  move  were  it  not  for 
the  perturbations,  or  attractive  influences  from 
other  planets.  When,  again,  we  seek  to  be 
still  more  exact,  we  suppose  that  the  planet  does 
actuallj'  move  in  such  an  orbit,  which,  however, 
itself  undergoes  slight  occasional  changes.  Thus 
the  motion  would  be  represented  by  a  body 
whirling  round  an  elliptic  rod  of  iron  at  a  definite 
rate,  which  rod  sometimes  expands  or  contracts 
from  heat  while  the  motion  is  proceeding;  some- 
times is  tilted  round  a  little  way  in  one  or  another 
direction.  This  would  represent  with  tolerable 
accuracy  the  state  of  the  case.  The  circular 
path,  or  the  elliptic  path,  is  generally  called  the 
orbit.  The  true  orbit  is  the  curiously  twisted 
spiral  curve  through  which  the  body  really  passes. 
— To  illustrate  this  subject,  let  us  reflect  on  the 
orbit  of  our  moon.  If  that  body  were  influenced 
solely  by  the  earth,  her  path  would  be  a  regular 
and  stable  ellipse;  but  since  the  great  central 
orb  is  so  near  us,  and  acts  over  all  the  sphere 
•within  which  the  moon  moves,  with  a  power 
adequate  to  control  the  earth  as  his  subservient, 
it  must  be  evident  that  our  satellite  cannot  escape 
being  disturbed,  or  greatly  affected,  by  the  pre- 
sence of  that  Luminarj'.  Again,  however,  if  the 
sun  acted  on  the  earth  and  moon  alilce,  he  could 
not  disturb  by  such  action  the  mutual  relations 
of  these  bodies ;  no  more,  indeed,  than  any  arti- 
ficial system,  placed  on  a  board,  would  be  dis- 
turbed by  the  board  on  which  it  lies  being  carried 
to  a  difi'erent  place.  But  inasmuch  as  the  moon's 
distance  from  the  sun  is  not  always  the  same  as 
tlie  earth's,  and,  moreover,  varies  regularly  as 
our  midnight  luminary  revolves  in  its  orbit,  the 
Sun  cannot  act  on  both  globes  with  the  same 
energy,  and  must  therefore,  by  disturbing  their 
relations,  change  the  moon's  path.  Let  us  follow 
this  action  to  one  remarkable  consequence.  In 
the  figure  below,  suppose  e  the  earth,  m'  ji"  m'" 
SI""  the  moon's  orbit,  and  8  the  sun.  Now,  as 
the  sun's  power  over  any  body  increases  as  the 
distance  of  that  body  from  him  diminishes,  the 
moon  when  at  ni'  must  be  attracted  by  that 
luminary  more  than  the  earth  is,  or  pulled  away 
from  the  earth ;  while,  on  the  contrary,  when  the 
moon  is  at  ji"',  the  earth  will,  for  the  same  reason, 
be  pulled  away  from  her.   At  these  two  parts  of 
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the  orbit,  then,  the  sun  must  tend  to  separate  th 
two  bodies ;  or,  what  is  virtually  the  same  thin^ 


Fig.  1. 

to  diminish  the  attractive  power  of  Oie  earth  over 
its  satellite  at  new  and  full  moon.  Agaua,  when 
the  moon  is  at  m"  and  m"",  or  at  the  same  dis- 
tance as  the  earth  from  the  sun,  both  bodies  must 
be  attracted  with  an  equal  force ;  but  the  direction 
of  that  force  is  not  the  same  in  the  two  cases. 
Suppose  the  sun  to  have  the  power  of  making 
the  earth  move  through  e  e  in  a  given  time,  he 
would  cause  the  moon  move  through  Ji"m  in 
that  time ;  and  the  efFeot  would  manifestly  be  to 
bring  the  two  bodies  tiearer  each  other,  because 
they  are  being  made  to  slide  along  within  a  wedge 
which  grows  narrower  and  narrower.  The  case 
would  be  the  same  at  m'"'  ;  so  that  we  may  say 
that  the  effect  of  the  disturbing  force  of  the  sun 
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the  moon  at  Ji"  and  m"",  or  when  she  is  tn 


quarter,  is  to  force  her  nearer  the  earth,  or,  what 
is  the  same  thing,  ^•i^tually  to  increase  the  at- 
tractive poiver  of  the  earth  over  her.  We  thus 
obtain  the  following  proposition : — About  the  re- 
gion of and  new  moon,  our  satelUte  is  less 
than  normally  attracted  by  the  earth,  because  of 
the  disturbing  effect  of  the  sun ;  while  about  the 
region  of  her  quadrature  the  earth's  power  over 
her  is  increased  by  the  same  cause. — Turn  no\v 
to  consideration  of  her  velocities  at  these  parts  of 
her  orbit :  and  suppose  her  travelling  in  the  di- 
rection from  M""  to  Ji'.  "Wliile  passing  from 
ji""  to  Ji',  she  is  plainly  drawn  foncard  by  the 
sun,  or  her  velocity  accordingly  is  augmented  by 
that  disturbing  force  until  she  reaches  m'.  In 
the  same  ^\:\y,  while  p.-issing  from  M'  to  M",  she 
is  plainly  being  pulled  back ;  and  her  velocity  is 
therefore  being  duuinished  during  tliat  quarter 
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by  thfe  foregoing  disturbing  cause.    Now,  al- 
t.  though  not  so  evident  or  very  easily  made  pal 
ppable,  it  is  equally  certain  that,  as  she  is  passing 
11  from  M"  to  M'"  she  is  accelerated  by  the  sun; 
i  and  that  during  the  quarter  m'"  m""  she  is  again 
'.retarded.  Summing  up  these  facts,  we  reach  the 
:' following  result : — Abottt  the  region  of  full  moon, 
■when  the  earth's  attractive  power  is  diminished, 
■'the  moon's  velocity  is  increased  by  the  disturbing 
■ypoicer  of  the  sun;  and  through  the  same  energy 
■her  velocity  is  diminished  at  quadrature,  or  at 
those  regions  where  at  the  same  time  the  earth's 
atti-active  poiver  is  increased.    Observe  now  fehe 
naecessary  effect  of  these  disturbances  on  the  shape 
otof  the  moon's  orbit.    The  curvature  or  bending 
ofcf  any  orbit  evidently  depends  on  the  relation 
hi)etween  the  velocity  of  the  moving  body  and  the 
ibttraction  of  the  central  body.    An  increase  of 
tithe  relative  force  of  the  former,  or,  what  is  the 
»arae  thing,  an  increase  of  the  body's  power  to 
fofollow  its  natural  rectilineal  path  through  space, 
vivould  necessarily  flatten  the  orbit;  while,  on  the 
jontrary,  a  relative  disturbance  of  the  central 
^ranergy  would  increase  the  curvature  of  the  orbit. 
Vit  M'  and  M'",  then,  the  moon's  orbit  must  be 
I  oroportionally  flaitened,  and  while  at  m"  and 
II""  its  curvature  must  be  correspondingly  in- 
ireased ;  so  that  the  orbit  of  our  satellite  must 
liUways  be  an  oval,  with  its  flat  side  turned  to- 
noards  the  sun. — One  step  farther.    Follow  this 
iffect,  as  the  earth,  along  with  the  moon,  passes 
hrough  its  annual  course.   At  1  in  the  diagram 
welow,  the  flattened  orbit  of  the  moon  must  lie  as 


Fig.  2. 

represented ;  and  at  2,  also  as  represented  by  the 
tabroken  line ;  so  that,  aa  the  conjoined  bodies 
'lave  moved  from  the  position  1  to  the  position 
the  lunar  orbit  has  changed  from  the  upright 
isition  indicated  by  the  dotted  line,  to  the  hori- 
iiital  position  of  the  continuous  one.  But  it  has 
"t  done  this  by  a  start ;  the  change  must  have 
tipervened  gradually  as  the  earth  passed  from  1 
^'  2 :  the  orbit,  in  fact,  must  liave  been  ttoisting 
'mnd  duruig  that  whole  period,  and  the  moon 
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really  describing,  instead  of  a  stable  ellipse,  the 
strange  cui-ve  below ! 


Fip-.  3. 

Not  for  one  moment,  however,  even  through 
these  singular  wanderings,  is  our  luminary  lost 
sight  of  by  the  eye  of  Science.  Complex  though 
her  path  may  appear,  it  is  as  clear  and  determi- 
nate as  her  normal  undisturbed  ellipse.  We  can 
follow  her  through  all  those  twistings  for  millions 
of  centuries ;  and  this  was  the  power  which  re- 
vealed the  imposture  of  the  Brahmin,  who,  on 
the  ground  of  a  long  forged  list  of  eclipses,  ven- 
tured to  claim  a  fabulous  antiquity  for  his  race. 
— The  modes  of  calculating  the  orbit  of  any 
celestial  body  from  a  given  number  of  observa- 
tions cannot  be  undertalten  here.  The  classical 
work  is  the  Theoria  Motus  by  Gauss.  The 
student  is  also  referred  to  a  most  perspicuous 
treatise  on  the  Orbits  of  Comets  by  Mr.  Milne 
Holmes. 

Organ.  The  invention  of  the  organ  is  at- 
tributed to  Archimedes,  about  220  b.c.  ;  but  the 
fact  does  not  rest  on  sufficient  authority.  Am- 
monius  states  that  organs  were  used  in  the 
Western  churches  by  Pope  Vibatianus,  in  658. 
It  is  affirmed  that  the  organ  was  known  in 
France  in  the  time  of  Louis  I.,  in  815,  when  one 
was  constructed  by  an  Italian  priest.  The  organ 
at  Haerlem  is  one  of  the  largest  in  Em-ope ;  it 
has  sixty  stops,  and  8,000  pipes.  At  Seville  is 
one  with  100  stops,  and  5,300  pipes.  The  organ 
at  Amsterdam  has  a  set  of  pipes  that  imitate  a 
chorus  of  human  voices. 

OrioBi.  A  constellation  through  which  the 
equinoctial  plane  passes.  It  is  one  of  the  48  old 
constellations.  It  has  two  stars  of  the  first  mag- 
nitude, Rigel,  upon  the  middle  of  the  left  foot,  and 
Betelgueuse  upon  the  right  shoulder  of  the  figure. 
There  are  four  of  the  second  magnitude.  One  of 
them  is  on  the  left  shoulder  near  Rigel,  named 
Bellatrix,  and  the  other  three  form  what  is  called 
the  Belt,  lying  nearly  in  a  straight  line,  and  at 
equal  distances  one  from  the  other.  Tlie  ancients 
regarded  this  constellation  as  one  of  terrible  omen ; 
his  rising  and  setting  being  attended  witii  severe 
tempests.    It  is  in  Orion — in  his  sword — tliat 
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■we  find  tlic  most  remarkable  and  famous  Nebula 
yet  known. 

Orrery.  An  astronomical  macliine  constructed 
to  show  conveniently  the  motions  of  the  different 
planets.  It  is  a  model  of  the  different  planetary 
orbits ;  the  arrangement  being  like  what  obtains 
in  reality.  The  use  of  orreries  for  explaining 
popularly  such  phenomena  as  the  seasons — the 
phases  of  the  moon — the  occultations  of  satellites 
and  the  eclipses  of  planets  and  satellites,  will  be 
very  apparent.  The  best  orreries  are  complicated 
iind  expensive. — The  name  was  given  to  them 
instead  of  the  original  Planetarium,  from  the 
erroneous  idea  that  the  first  of  the  kind  had  been 
constructed  by  Mr.  Rowley,  for  the  Earl  of 
Orrery.  An  orrery  was  first  constructed  by  Mr. 
George  Graham,  who  had  sent  his  model  to 
Eowley,  and  Rowley  copied  it  for  his  patron. 

OrdJiogoiial.    See  Projection 

Oscillations  Small,  Co-cxislciice  of. — 
Principle  of  Batiicl  Bernouilli.  This  re- 
markable and  most  important  principle  is  as 
follows : — If  any  stable  system  be  slightly  forced 
out  of  its  equilibrium,  it  returns  to  that  state  of 
rest  through  a  number  of  small  oscillations,  and 
generally  these  are  of  many  different  sorts — the 
issue  of  various  disturbing  causes.  Now,  Ber- 
nouilli's  principle  is,  that  these  small  oscillations 
co-exist,  and  are  simply  superimposed— one  oscil- 
lation in  nowise  interfering  with,  far  less  destroy- 
ing another.  To  find  the  total  or  integral  move- 
ment or  oscillation  of  the  body  at  any  given  time, 
we  have  therefore,  merely  to  deduce  each  separate 
oscillation  from  its  specific  cause,  and  then  to 
compose  these  various  movements,  or  to  find  their 
resultant.  The  theorem  was  suggested  to  Ber- 
nouilli by  the  fact,  that  the  differential  equation 
which  expresses  such  movements,  is  a  linear  one, 
and  therefore  belonging  to  that  class  of  equations 
whose  general  integral  is  necessarily  the  mere  sum 
of  special  integrals.  But  it  would  seem  to  have 
its  roots  deeper — to  be  a  mere  expression  of  the 
universal  fact  at  the  base  of  all  rational  mechan- 
ics,— that  a  motion  impressed  on  a  body  in  one 
direction  never  interferes  with  another  motion 
impressed  on  the  same  body  in  another  direction. 
See  Laws  of  Motion. — The  property  or  theo- 
rem in  question  readily  explains,  or  rather  ex- 
hibits the  simple  root  of  a  number  of  phenomena 
that  have  sometimes  appeared  puzzling.  Such 
as  the  co-existence  of  waves  on  the  surface  of  a 
liquid  agitated  at  the  same  time  at  various  points ; 
the  similarity  of  distinct  sounds  produced  by  vari- 
ous oscillations  of  the  air;  «Scc.,  &c. 

Osinouiclcr.    See  Osmose. 

Osinosc ;  Osmotic  Force ;  EMdosmosc, 
Exosniose.  The  remarkable  phenomena  which 
form  the  subject  of  this  article  were  discovered 
by  Dutrochet.  The  endosmometer  or  osviomeier 
renders  these  phenomena  sensible  and  measurable, 
and  is  as  follows :— A  narrow  tube  a  is  fitted  into 
a  cvlinder  b  of  glass  or  metal— the  lower  end  of 
which  c  d  is  covered  bv  some  animal  membrane, 
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or  some  porous  solid  :  n  is  another  large  vessel 
of  any  substance  into  which  the  arrangement  just 
described  may  be  plunged.  In 
illustration  of  the  phenomena, 
suppose  that  the  interior  vessel 
b  is  filled  with  alcohol,  and  that 
the  exterior  n  contains  simple 
distilled  water — the  two  liquids 
being  separated  by  a  membrane 
at  c  d: — further,  let  n.  be  the 
level  of  water  in  the  exterior 
reservoir,  and  n'  the  level  of  the 
alcohol  in  the  tube  a,  as  estab- 
lished mechanically  or  in  ^•irtue 
of  the  law  of  hydrostatic  pres- 
sures.    This  state  of  things, 
however,  does  not  continue  per- 
manent.    In  the  course  of  a 
quarter  of  an  hour  after  the  ar- 
rangement shoTO  in  the  wood- 
cut has  been  completed,  the . 
level  n'  may  have  risen  a  full 
fifth  of  an  inch;  and  if  the  tube  a  is  only 
about  a  foot,  or  a  foot  and  a-half  in  length, 
the  liquid  will  in  the  course  of  a  day  reach  its 
top  and  overflow.    The  intensity  or  amount  of  , 
this  change  depends  of  course  on  the  diameter  of  ! 
the  tube  a,  the  nature  of  the  fluids  completing  ( 
the  arrangement,  and  the  nature  of  the  mem- 
brane.  There  has,  however,  clearly  been  a  floAv 
of  water  from  the  exterior  to  the  interior  reser-  | 
VOU-,  through  the  membrane,  in  a  way  quite 
contrary  to  all  hydrostatical  laws — a  flow  which 
Dutrochet  named  an  Endosmose  of  water  to  the  I 
alcohol:  had  the  fluids  been  reversed,  theoppo-| 
site  would  have  occuiTcd — the  water  would  havei 
flowed  from  the  interior  reservoir,  or,  in  Dutro-([ 
chefs  language,  there  would  have  been  an  Exos- 
mose  of  water  towards  the  alcohol.    It  is  better,d 
however,  to  dispense  altogether  with  these  terms,! 
and  to  designate  the  phenomenon  generally  bj| 
the  single  name  osmose. — What,  then,  is  the  cause 
of  osmOA-e— what  tlus  Osmotic  Force  f  In  the  first] 
place,  it  must  be  carefully  distinguished  froir 
simple  Diffusion  (see  that  article  in  test  and 
in  Appendix).    If  a  saline  solution  were  in  th^ 
interior  reservoir,  there  would  be  a  movement  o| 
diffusion  .  Liquid  salt  particles  would  ooze  through 
the  membrane,  and  a  certain  quantity  of  ^^•a^eI 
would  flow  back  and  take  their  place-    But  in 
no  case  could  the  water  flowing  back  be  abovi 
five  or  six  times  the  weight  of  the  salt  esc^piiis; 
were  the  phenomenon  one  of  diffii.iion ;  whereat 
the  water  entering  the  osmometer  often  exceed 
the  salt  leaving  it,  at  least  one  hundred  timei 
Besides,  diftusion  is  always  a  double  movement- 
osmose  by  itself  is  a  single  movement,  one  flown 
mwards  or  outwards,  never  both  ways.  Neitht 
can  osmose  be  attributed  to  capillarity.  Tlic  gre.- 
inequality  of  ascension  assumed  among  aqueoii 
fluids  is  found  not  to  exist  when  their  capillarit 
is  correctly  observed :  and  many  of  the  salin 
solutions  which  give  rise  to  the  greatest  osraos 
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•ire  undistinguishable  in  capillary  ascension  from 
lire  water  itself.    The  subject,  although  still 

ibscure,  has  recently  received  much  and  valuable 
,  elucidation  from  Dr.  Thomas  Graham.  This  dis- 
:  tinguished  inquirer  devoted  the  Bakerian  Lecture 
I  of  1854,  expressly  to  investigations  respecting 
:  the  Osmotic  Force.  He  had  performed  a  vast 
I  Dumber  of  experiments,  using  all  descriptions  of 
» solutions,  and  employing  in  the  case  of  each, 
i  first,  porous  mineral  septa,  and  then  animal  mem- 
!;  branes.  His  general  conclusion  is  that  the  vis 
matrix  is  chemical  actioa  Solutions  having  no 
0  chemical  action  on  the  mineral  septa,  gave  no 

0  osmose ;  and  the  intensity  of  the  osmose  in  other 
c  cases  bore  a  distinct  relation  to  the  chemical  ac- 
:  tion  evolved.  It  ivas  very  much  the  same  when 
t  the  internal  reservoir  was  closed  by  membrane. 

1  The  membrane  is  constantly  undergoing  decom- 
r  position,  and  its  osmotic  action  is  exhaustible. 
I  Dr.  Graham's  main  conclusion  seems  irresistible; 

>  so  the  phenomena  of  osmose  are  simply  the  direct 
substitution,  for  one  of  the  great  forces  of  nature, 
of  its  equivalent  in  another  form— the  conver- 

-  sion  of  chemical  affinity  into  mechanical  effect. 

>  Nor  does  this  theory  interfere  with  the  prevalent 
iidea  that  the  osmotic  force  is  the  hidden  cause  of 
ithe  ascent  of  sap  in  trees,  and  many  analogous 
p  physiolo^cal  actions.    All  parts  of  living  struc- 
titures  are  in  a  state  of  incessant  change,  of  de- 
c  composition  and  renewal,    Now  what  more  is 
•  wanted  in  the  theory  of  animal  functions  than  a 
mechanism  for  obtaining  motive  power  from  the 
decomposition  of  the  tissues?    It  is  thus  even 
probable  that  the  osmotic  injection  of  fluids  is 
the  link  intervening  between  muscular  movement 

-  and  chemical  decomposition. 

Ozone.    A  very  puzzling  aerial  substance 
n  recently  discovered.    Into  the  question  of  its 
chemical  relations  we  do  not  at  present  inquire. 
In  the  opinion  of  Faraday,  oxygen  is  an  allotro- 
pic  substance — that  is,  a  substance  capable,  like 
carbon,  of  appearing  in  various  physical  states ; 
and  he  considers  ozone  one  of  its  forms.  Dr. 
liiBauraert,  along  with  others,  on  the  other  hand, 
» while  allowing  that  oxygen  is  allotropic,  main- 
w  tains  that  true  ozone  is  a  super-oxide  of  hydrogen. 
This  gas  or  substance  is  prepared  in  various  ways. 
It  the  electric  spark  be  passed  through  oxygen 
I'zone  is  generated;  and  it  is  to  it  that  the  pecu- 


I'allas.  One  of  the  Asteroids  (q.  v.) 
Paniograpb.  An  instrument  by  aid  of 
which  a  plan  or  figure  of  given  dimensions  may 
ne  easily  reduced  to  a  similar  one  of  any  other 
given  dimensions.  Its  principle  is  that  of  pro- 
portional compasses.  A  new  and  exceedingly  con- 
venient form  was  given  to  this  class  of  instru- 
ments by  the  late  Professor  Wallace  of  Edin- 
wourgh:  his  invention  was  named  the  Eido- 
»«OBAPH.    It,  of  course,  depends  essentially  on 
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liar  odour  is  ovnng,  so  well  known  to  experi- 
mental Electricians.  Ozone  differs  from  oxygen 
in  many  of  its  relations ;  it  has  a  smeU  as  we 
have  just  said;  it  bleaches;  it  corrodes  silver  leaf; 
it  tinges  a  mixture  of  hydriodic  acid  and  starch 
blue.  Oxygen  in  its  ordinary  state  has  none  of 
these  effects.  But  the  question  regarding  it,  of 
the  greatest  general  interest,  is  a  physiological 
one, — is  it  true,  as  suspected,  that  its  absence 
from  the  atmosphere,  gives  rise,  or  at  least  free 
course  to  epidemics  ?  The  important  bearing  of 
such  an  inquiry  on  the  laws  of  health,  renders  it 
next  to  imperative  that  an  Ozonometer  be  made 
part  of  the  apparatus  of  every  physical  obser- 
vatory. The  instrument  is  described  in  next 
article. 

Ozonometer.  This  instrument  must  always 
depend  on  the  fact  that  ozone,  or  oxygen  in  this 
form  if  it  be  so,  has  much  stronger  affinities  than 
oxygen  in  the  ordinary  form ;  and  that  through 
these  affinities  we  may  detect  its  existence,  and 
approximate  to  its  quantity.  The  ozonometer 
therefore,  consists  of  slips  of  test  paper,  suitably 
suspended,  which  are  coloured  by  ozone.  The 
first  is  Schonbein's.  This  test  paper  is  prepared 
with  iodide  of  potassium  and  starch.  When  sus- 
pended in  the  free  air,  but  screened  from  the  direct 
rays  of  the  sun,  the  paper  becomes  brown, — the 
ozone  combining  with  the  potassium  and  set- 
ting free  the  iodine,  which  immediately  forms  an 
iodide  of  starch.  The  intensity  of  the  colouring, 
measiu-es  the  quantity  of  ozone  present :  Schon- 
bein's scale  has  ten  gradations.  An  instrument 
much  more  delicate,  and  which  certainly  ought 
to  be  preferred,  has  been  proposed  by  Dr.  Moffat 
of  Howarden,  and  is  already  extensively  em- 
ployed. Dr.  Moffat  requires  that  his  test  paper 
be  suspended  in  a  box  so  perforated  as  to  admit 
a  free  passage  of  air,  but  not  of  light.  When 
thus  exposed  the  test  paper  becomes  very  sensi- 
tive, and  if  kept  in  the  dark,  it  will  retain  its 
brown  tints  for  two  or  three  years.  The  paper 
should  be  had  from  Negretti'and  Zambra,  and 
Dr.  Moffat  himself  has  published  the  requisite 
directions.  An  elaborate  comparison  of  the  two 
ozonometers,  by  Dr.  Barker  of  Bedford,  leaves  no 
doubt  as  to  which  is  preferable ;  and  Dr.  Barker's 
decision  is  confirmed  by  the  solid  authority  of 
Mr.  Glaisher. 


the  same  principlo,  but  that  principle  is  most  in- 
geniously wrought  out. 

Piipiii'8  OigcNtcr.    See  Digester. 

Parabola.  One  of  the  conic  sections.  lis 
equation  is  i/"^  =  p  x.  If  one  vertex  and  focus 
of  an  ellipse  be  given  while  the  major  axis  in- 
creases without  limit,  the  curve  will  become  a 
parabola. 

Parnllax.  The  apparent  positions  of  the 
heavenly  bodies  will  clearly  depend,  to  some  ex- 
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tent,  on  the  place  on  our  globe's  surface  from 
which  they  are  viewed,  and  a  correction  is  there- 
fore necessary  to  reduce  tliese  apparent  positions 
to  what  they  would  be,  if  seen  from  the  centre  of 
the  earth.  This  correction  is  termed  parallax, 
and  is  quite  analogous  to  the  process  in  geodesy 
technically  known  as  "  The  reduction  to  the  centre 
of  the  Station.'"  Parallax  changes  the  apparent 
position  of  every  bodj',  in  the  plane  passing 
through  the  observer's  zenith,  depressing  the 
body's  Altitude:  it  has  no  effect  on  the  body  in 
Azimuth.  For  any  given  body  whose  distance 
from  the  Earth  is  constant,  it  varies  as  tlie  sine  of 
the  zenith  distance,  A  simple  geometrical  con- 
struction will  show  that  it  is  the  angle  subtended 
by  the  radius  of  the  Earth,  when  that  radius  is 
seen  from  the  star  whose  parallax  is  required. 
The  horizontal  parallax  is  the  greatest  aui'le 
subtended  by  the  radius — or  the  parallax  of  the 
body  when  in  the  horizon.  For  the  Jloon  at  its 
mean  distance,  this  quantity  is  57'  6";  for  the 
Sun  again  it  is  only  8"-57 ;  for  Uranus  it  never 
reaches  half  a  second.  With  regard  to  nearer 
bodies — as  the  ISIoon — their  distance  from  the 
earth  may  be  deduced  by  means  of  observed 
parallax:  in  case  of  the  remote  planets,  the 
parallax  on  the  other  hand  must  be  deduced 
from  their  distances.  A  peculiar  application  to 
the  case  of  the  Sun  is  explained  under  Venus, 
Transit  of.  The  fixed  stars  have  evidently 
no  appreciable  parallax  of  the  kind  now  described; 
— the  radius  of  the  Earth  as  seen  from  their 
enormous  remoteness  shrinldng  into  a  mere  point. 
But  it  has  recently  been  found  that  the  diameter 
of  the  Earth's  orbit  does  subtend  appreciable 
angles  from  these  bodies ;  and  from  this  datum 
the  distances  of  many  of  them  have  been  com- 
puted.   See  Stars,  Distances  of. 

■parallax  BSsHociiJar.  The  general  tenn 
parallax  signifies  the  apparent  displacement  of 
an  object  as  seen  from  two  different  stations. 
For  example,  in  fig.  1,  the  object  o,  as  observed 
from  s,  is  seen  in  the  direction  s  o,  whereas  if 
the  observer  move  to  s',  then  o  is  seen  in  the 
direction  s'  o',  and  the  difference  between  those 
two  direction?,  viz.,  the  angle  s  o  s',  is  the  paral- 
lax for  these  positions.  It  is  evident  that  the 
magnitude  of  this  angle,  or  the  amount  of  paral- 
lax, de])ends  closely  on  the  distance  from  s  to  s', 
and  also  on  the  distance  from  these  two  stations 
to  the  object  o.  Geometry  traces  out  the  con- 
nection between  these  three  quantities,  viz.,  the 
distance  between  the  two  stations,  the  distance 
from  the  two  stations  to  the  object,  and  the 
parallax,  in  such  a  manner,  that  any  two  beiiig 
known,  tlie  third  may  be  calculated.  It  is  in 
this  way  that  the  distance  of  inaccessible  objects 
is  made  out.  The  distance  between  two  stations 
on  the  earth,  or  between  two  iwints  in  the  earth's 
orbit,  being  measured,  and  the  parallax  observed, 
it  becomes  possible  to  compute  the  distances  of 
many  of  the  heavenly  bodies,  and  thence  their 
magnitudes,  and  the  speed  of  their  motions,— 


calculations  which  occupy  an  important  place  iti 
the  science  of  astronomy.  In  the  case  of  distant 
objects,  the  base  or  distance  between  the  two 
stations  of  the  observer  must  be  considerable,  to 
render  the  parallax  sensible ;  but,  for  near  ob- 
jects, a  very  small  change  of  station  will  cause 
an  obvious  displacement  of  apparent  position. 
Even  slight  attention  will  point  out  to  any  one 
that  his  two  eyes  do  not  see  a  moderately  near 
object  in  the  same  relative  position  with  regard 
to  the  points  of  the  background  on  which  it  is 
seen.  Thus,  in 
fig.  1,  if  s  re- 
present one  ej'e, 
and  s'  the  other, 
the  distance  from 
s  to  s'  being  sup- 
posed to  be  about  2|  inches,  and  o  any  ob- 
ject at  a  distance  of  a  few  feet  from  the  eyes, 
then  on  noticing  the  point  of  a  wall,  for  instance, 
against  which  the  point  o  is  seen  projected  ^vith 
the  eye  s,  while  the  eye  s'  is  shut,  and  if  a 
mark  be  made  at  o,  and  again  while  s  is  shut,  the 
same  observation  be  made,  without  moving  the 
bead,  by  means  of  the  eye  s',  and  the  correspond- 
ing place  o'  be  marked,  it  will  be  found  that  o 
is  a  different  point  from  o'.  The  distance  from 
o  to  o'  will  depend  on  the  distance  of  the  wall 
from  o,  but  the  parallax,  or  the  angular  displace- 
ment s  o  s',  has  no  connection  with  this,  but  is 
the  same,  however  far  the  screen  may  be  removed, 
as  long  as  the  distance  between  the  two  eyes 
remains  the  same,  and  the  distance  of  the  object 
from  the  eyes  do^s  not  change. — Binocular,  or 
Two-eyed  Parallax,  then,  may  be  defined  to  be 
the  angular  difference  of  position  of  an  object,  as 
seen  by  the  two  eyes  of  an  observer,  the  head 
being  kept  at  rest.  As  any  object,  when  seen  by 
the  two  eyes,  occupies  two  different  positions,  or 
is  seen  in  two  different  directions,  a  question 
comes  to  be  raised,  how  it  is  that  two  different 
impressions  of  the  object  are  not  presented  to  the 
mind,  one  by  each  eye?  or,  in  other  words,  wliy 
objects  are  not  ordinarily  seen  double  when 
looked  at  with  both  eyes?  This  question  has 
been  long  the  subject  of  thought  to  philosophy, 
and  even  now,  it  must  be  confessed,  that  it  is 
far  from  being  satisfactorily  set  at  rest.  Recently 
it  has  risen  into  even  greater  importance  from 
its  coimection  with  the  theory-  of  stereoscopic 
vision,  and  with  the  best  practical  modes  of 
obtainhig  binocular  pictures  by  means  of  the 
photographic  camera  obscura.  In  order  to  ac- 
count for  the  fact,  that  when  the  two  eyes  are 
directed  toward  an  object,  only  one  impression 
of  it  is  presented  to  the  mind,  though  we  know 
that  a  distinct  picture  of  it  is  formed  on  the 
retina  of  each  eye,  and  though,  in  the  case  of  near 
objects,  the  raj-s  fall  in  difl'creut  directions  on  the 
two  eyes,  two'  theories  have  been  proposed,  and 
at  present  divide  the  scientific  world.  The  fii-st 
is  the  theory  of  con-exponding  points,  which 
supposes  that  each  point  in  the  retina,  or  sen- 
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-itive  nervous  curtain  of  one  eye,  has  a  corre- 
onding  point  in  the  other  retina,  which  gives 
-iactly  the  same  impression  of  position  or  direc- 
lu ;  so  that  from  whatever  quarter  an  impres- 
ni  on  these  points  is  produced,  the  sensations 
ill  appear  to  come  from  the  same  direction  in 
/th,  or  they  will  be  seen  as  one  point.  For 
example,  in  fig.  2,  if  a  a' 
be  two  corresponding  points, 
and  o'  o"  be  two  other  such 
points,  while  o  is  an  exter- 
nal object,  from  which  raj's 
J      1  \  I         entering  the  eyes,  as  re- 
kL^\      Vl^i    presented  by  the  lines  o  a, 
and  o  o",  then  the  object  o 
would  be  seen  double,  because 
3  eyes  are  so  turned  that  the  rays  from  o 
not  fall  on  corresponding  points.    In  order 
At  there  should  be  only  one  impression,  it  is 
:\-idently  necessary  that  the  one  eye  should  be 
umed  round  in  such  a  manner  that  the  Ime  of 
Jght  o  o"  should  fall  on  a',  or  that  the  other 
ye  should  be  so  turned  that  the  ray  o  a  should 
xrminate  on  o'-  Every  one  is  familiar  with  the 
double  mion  which  results  from  a  direction  of 
he  eyes  similar  to  that  shown  in  the  figure.  The 
;-traight  line  passuig  through  the  centre  of  the 
■apil,  and  the  centre  of  the  eyeball,  is  called  the 
iptic  axis.    It  terminates  on  the  foramen  cen- 
l-rale  (see  Eye)  of  the  retina,  which  is  the  only 

■  ioint  where  the  vision  is  perfectly  clear  and  dis- 
r.inct.  Now,  it  is  certain,  that,  in  the  case  of 
:iiese  two  points  at  least,  the  theory  of  coire- 

ponding  points  holds,  for  it  is  impossible  by 
ny  means  to  get  two  impressions  on  the  points 
'  f  dLsthict  vision,  which  will  yet  appear  to  have 
iififferent  directions  or  positions. — Before  going 
i"irther,  it  will  be  necessarj'  to  state  the  second 
•neory  of  single  vision,  with  two  eyes,  which 
i-'as  before  alluded  to.  It  is  supported  by  the 
-igh  authority  of  Sir  David  Brewster,  and  is  as 
illows:  —  "The  impression  produced  on  any 

■  art  of  the  retina,  always  appears  to  come  from 
:  direction  perpendicular  to  the  surface  at  that 

'  oint,  whatever  may  have  been  the  real  direc- 
on  of  the  impressing  rays  of  light  which  pro- 
;  iced  it.    This  is  called  the  law  of  visible 
direction.    An  object,  then,  is  seen  by  each  eye 
1  a  different  direction,  and  seems  to  the  mind 
be  placed  where  these  two  directions  meet. 

Thus,  in  fig.  3,  where  the 
two  optic  axes  are  turned 
towards  the  object  o,  the 
\   /  lines  of  impression  from  a 

and  A',  perpendicular  to  the 
points  of  the  surface,  pass 
again  through  o,  and  the 
object  is  seen  in  each  of  the 
directions  a  o  and  a'  o,  and 
of  course,  in  the  same  place 
or  point,  o.  This  seems  in 
.  such  a  case  plausible  enough, 

«  It  happens  always  that  an  object  appears 
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in  the  position  when  the  two  lines  of  its  visible 
directions  cross  each  other,  and  if  there  are 
no  such  things  as  corresponding  points,  why 
does  it  not  occur  that  any  other  object,  such  as 
o'  is  seen  in  the  same  position  as  o,  when  their 
visible  directions  l  o'  and  a'  o  cross  each  other 
at  I  ?    By  similar  reasoning  it  is  easy  to  per- 
ceive that  multitudes  of  different  objects  ought 
to  appear  to  occupy  the  same  position,  or  to  be 
seen  in  the  same  direction  by  the  two  eyes, 
though,  in  reality,  they  occupy  verj-  different 
relative  positions  in  external  space;  and,  in 
fact,  that  confusion  must  result  if  there  were 
nothing  else  necessary,  m  order  to  identity  of' 
position,  but  the  crossing  of  the  two  lines  of 
visible  direction.    The  theory  of  corresponding 
points  asserts,  that  from  whatever  direction  im- 
pulses arrive  at  corresponding  pomts  on  the  two 
retmse,   the  impression  from    the   two  wiU 
appear  to  be  in  one  direction,  or  the  vision  of 
them  will  be  single.     For  example,  the  two 
points  of  distinct  vision  are  corresponding  points, 
and  they  always  give  the  same  direction  of 
vision,  however  varied  may  be  the  real  du-ections 
of  the  normals  to  the  sm-faces  or  the  axes  of  the 
eyes,  or  however  different  may  be  the  real  direc- 
tions of  the  rays  which  have  reached  them,  to 
produce  the  impressions.    In  the  ordinary  ad- 
justment of  the  eyes  for  the  distmct  vision  of 
any  point,  such  as  o,  in  fig.  4, 
the  two  eyeballs  would  be  so  °^^  ,<°' 
turned,  that  the  optic  axis  con-     '  \  /''/ 
verged  on  o,  and  the  two  rays     i    \  /'  ' 
o  A  and  o  l,  fall  on  the  two 
points  of  distinct  vision  a  and 
a',  so  that  but  a  single  impres- 
sion would  be  produced.    But  _ 
if  by  pressure  on  one  of  the  ^ 
eyes,  or  by  squinting,  or  other 
cause,  the  two  axes  are  not  brought  to  bear  on 
o,  but  one  of  them  is  dnected  to  another  ob- 
ject o',  then,  although  it  is  evident  that  a  o 
and  A'  o'  never  meet,  still  the  object  o'  will  be 
seen  on  the  point  of  distinct  vision  a',  and  will 
seem  to  occupy  exactly  the  same  position  or 
visible  direction  as  o,   which  certainly  could 
not  be  the  case  if  the  theory  of  crossing  direc- 
tions were  true;  while  it  is  only  what  might 
be  expected  from  the  theory  of  corresponding 
points.    It  may  be  stated  as  a  fact,  all-im- 
portant in  such  a  question,  that  it  is  impossible 
by  any  amount  of  divergence  of  the  optic  axis 
to  sec  two  points  dislinclb/  which  do  not  seem  to 
occupy  the  same  position,  or  to  be  in  the  same 
direction.    Another  argument  in  favour  of  the 
theory  of  corresponding  points  is  derivable  fron» 
the   ])henomena  of  "  Ocular  Spectres."  See 
Persisth.\cio.    It  is  as  follows : — If  the  eves 
bo  steadily  directed  towards  any  point  near  a 
bright  object,  such  as  a  gas  flaino,  or  the  solar 
disc,  a  peisi.stent  impression  will  be  produced 
which  can  for  a  considerable  time  be  rendered 
visible  by  rapidly  closing  and  opening  the  eye- 
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lids,  while  the  eyes  are  directed  towards  any 
Hat  suiface,  such  as  the  ceiling  or  wall  of  a  room. 
In  such  a  case,  there  is  an  impression  on  the 
retina  of  each  eye,  and,  it  might  be  supposed 
that,  by  pressure  on  the  eyeball,  or  by  squint- 
ing, and  thus  altering  the  lines  of  visible  direc- 
tion, those  two  impressions  could  be  separated 
from  each  other ;  yet  it  is  not  so,  they  continue 
to  give  but  the  impression  of  a  single  flame,  a 
fact  that  is  gi-eatly  more  consistent  with  the 
theorj'  of  corresponding  points  than  with  that  of 
crossing  directions;  as,  by  pressure,  it  is  easy  to 
cause  the  lines  of  direction  to  cease  to  cross, 
when,  of  course,  the  impressions  ought  to  sepa- 
rate, which  they  do  not.  Again,  on  the  theory 
of  crossing  directions,  it  is  difficult  to  see  how 
even  in  one  eye,  there  should  not  be  inex- 


tricable confusion  of  images,  as  all  directions 
cross  each  other  in  the  centre  of  the  eyeball ;  and 
further,  according  to  the  same  theory,  it  is  dif- 
ficult to  see  how  in  any  case  we  can  have  double 
vision  of  any  object  by  means  of  the  two  eyes, 
as  the  lines  of  visible  direction  are  certain  for 
objects  in  the  same  plane,  to  cross  somewhere. 
For  example,  in  fig.  5,  where  the  two  optic 
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axes  are  directed  towards  the  point  o,  there  will 
be  single  vision  of  o  by  means  of  the  two  e3'es, 
as  the  optic  axes  will  also  be  the  lines  of  visible 
direction  or  the  perpendiculars  to  the  surface  of 
the  retina  at  the  points  of  impression.  But 
in  the  case  of  some  other  point,  o',  the  incident 
rays  o'  p  and  o  v'  strike  the  retinas  in  their  points 
p  and  p'.  The  perpendiculars  to  those  points, 
or  the  lines  of  visible  direction,  p  l  and  p'  L 
ought  not  to  give  separate  images  though  they 
do  not  fall  on  similar  points  of  the  retinas,  for 
they  must  cross  somewhere,  as  In  l,  where  the 
single  image  ought  to  be.  But,  say  the  advo- 
cates of  this  tlieory,  the  lines  of  visible  direction 
must,  to  give  single  vision,  cross  in  tlie  position 
of  the  object  itself.  Now,  however  unfounded 
such  an  assertion  may  appear,  it  can  further- 
more be  directly  shown  to  be  untrue^  and  that 
single  vision  may  occur  though  the  lines  of 
visible  direction  do  not  cross  each  other  in  the 
actual  position  of  the  objects  themselves,  whicli 
appear  to  occupy  the  same  line  of  direction.  If 
one  eye  bo  pressed  aside  so  as  to  cause  apparent 
displacement  of  any  visible  object,  it  will  be 
noticed  that  the  displaced  object,  as  seen  by  the 
eye  on.  which  pressure  is  exercised,  appears  to 


overlap,  or  to  be  identical  in  position  with  some 
other  object  as  seen  by  the  other  eye,  and  not 
only  so,  but  that  the  whole  lines  of  objects  in 
the  directions  passing  from  either  eye  through 
these  points,  seem  to  occupy  the  same  position, 
or  the  directions  seem  to  become  one,  which  the 
slightest  thought  will  show,  could  not  be  the 
case  if  the  appearance  of  unity  were  only  pro- 
duced when  the  lines  of  ^osible  direction  crossed 
each  other  in  the  actual  position  occupied  bj'  the 
object  itself.  It  seems  on  the  whole,  then,  to  be 
a  fact  in  nature,  that  the  two  retinas  are  so  con- 
stituted, that  position  on  its  surface  determines 
dh-ection,  and  that  the  two  act  together  by 
means  of  corresponding  points,  in  only  giving, 
so  to  speak,  one  impression  of  surrounding  space, 
and  not  two,  made  single  by  crossing  lines. 
With  regard  to  the  uses  derivable  from  the  two 
eyes  being  placed  so  far  apart  as  to  give  the 
Binocular  Parallax  which  has  been  described, 
it  may  be  stated,  that,  to  a  considerable  degree, 
by  means  of  it,  judgment  is  formed  of  distance. 
Any  one  may  convince  himself  of  this  by  the 
well  known  experiment  of  holding  up  a  ring  at 
some  distance  in  front  of  one  eye,  the  other  being 
closed ;  and  while  the  edge  of  the  ring  only  is 
seen,  endeavouring  to  pass  the  finger  through  it. 
There  is  no  doubt  but  that  the  sensational  per- 
ception of  the  amoimt  of  convergence  given  to 
the  two  optic  axes,  in  order  so  to  arrange  them 
that  a  distinct  single  view  of  any  object  be  ob- 
tained by  means  of  both  eyes,  is  a  mode  by 
which  distance  is  judged  of.  This  is  as  much  a 
consequence  of  one  of  the  theories  discussed 
above,  as  of  the  other;  and  there  is  also  no 
doubt  but  that  the  double  images  of  all  objects 
which  are  not  at  the  same  distance  as  the  one 
to  which  the  optic  axes  are  dhectly  converged, 
are  a  chief  means  of  pointing  out  their  difference 
of  distance.  The  exceptions  to  this  doubling 
are  pointed  out  under  the  head  Horopter,  and 
the  further  elucidation  of  the  subject  -will  fall 
more  properly  under  Stereoscope. 

Parnllcl  liiiics.    The  characteristic  of  twc 
lines  in  ,the  same  plane,  to  which  the  name  oi 
parallel  is  given  in  geometrj',  is  simply  this,  that 
although  produced  ever  so  far  either  way  the\ 
•vvill  never  meet.    The  theorj'  of  these  Imes  con 
tinues  a  stain  on  our  Elementary  Science.    It  i 
easy  to  prove  that  if  certain  conditions  are  fiil 
filled  when  two  lines  cut  a  transverse  line,  tbc> 
two  will  never  meet,  or  must  be  parallel ;  but  f 
establish  the  converse— to  prove,  viz. :  that 
the  two  lines  are  parallel,  these  same  condition' 
are  lawfully  predicable,  has  hitherto  defied  tli 
logic  of  all  geometers.    A  fact,  certainly  nio^ 
remarkable  in  this  purely  deductive  science 
nevertheless,  its  causes  do  not  appear  rcmoti 
The  existence  of  such  a  defect,  nnquestionabl 
argues  some  oversight  in  the  list  of  geometric: 
axioms, — the  oversight  of  tlie  nature  of  some 
our  primal  perceptions  regarding  magnitud( 
but  it  docs  not  follow  that  the  missuig  axio 
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as  immediate  relation  to  parallels,  or  that  it 
ought  to  enable  us  to  resolve  directly  the  specific 
:  proposition  at  which  the  acknowledged  difficulty 
:i  first  appears.    On  the  very  contrary,  it  may  be 
.  asserted  with  abundant  confidence,  that  nothing 
but  fiiilure  could  attend  the  effort — originated  by 
!  Euclid,  and  since  his  time,  all  but  universally 
•'  followed — to  supply  the  deficiency  by  new  postu- 
Mates  or  axioms  regarding  parallel  lines.  To 
;  prove,  that  under  certain  conditions,  two  lines 
iiwill  never  meet,  or  what  is  the  same  thing,  that 
:.  no  triangle  can  be  formed  in  such  circumstances, 
i  involves  no  conception  with  which  we  cannot 
-readily  cope;  but  to  deduce  the  properties  of 
'•.two  lines  postulated  as  parallel,  involves  a  direct 
:dealing  with  the  positive  idea  of  infinity — a  task 
;.xitterly  beyond  reach  of  our  faculties.  Whether 
^ive  have  a  positive  idea  of  the  infinite,  is  a  ques 
lition  concerning  which  the  profoundest  metaphy- 
■isicians  have  differed  and  continue  to  differ ;  but 
AConsideration  of  the  origin  and  formation  of  lan- 
.■■?uage,  suffices  of  itself  to  leave  no  doubt  of  the 
ifact  that  we  cannot  speah  of  infinity  othervvise 
khan  as  a  negation;  and,  therefore,  that  no  posi- 
J'ive  axiom  can  be  laid  do-\vn  respecting  it, 
nrhe  truth  is,  there  is  an  unfortunate  and  illogi- 
lal  inversion  in  the  first  book  of  the  Elements. 
IThe  proposition  required  by  Euclid,  is  the  thirfy- 
neeond,  viz.,  that  the  sum  of  the  three  angles  of  a 
rriangle  is  equal  to  two  right  angles;  given  that 
proposition,  the  difficulty  about  parallels  dis- 
:  ippears,,  inasmuch  as  their  properties  may  be 
l^educed  from  it  by  the  negative  process,  although 
■mth  a  certain  difficulty;  but  Euclid  deduces 
his  proposition  from  the  subject  of  parallels,  hav- 
ng  first  assumed  their  theory  under  guise  of  what 
le  most  unjnstifiablj'-  terms  an  axiom.    If  we 
re  correct,  then,  the  question  turns  on  this — 
■an  we  logically  establish  the  thirty-second  pro- 
■osition  without  appealing  to  the  doctrine  of 
■arallels? — Assuredly  there  is  no  reason  on  the 
ice  of  the  subject  that  should  cause  geometers 
rnik  from  this  attempt ;  but  it  is  just  as  cer- 
ain,  that  the  apparent  difficulty  of  succeeding 
It — witnessed  by  innumerable  failures — indi- 
ates  a  defect  in  the  statement  of  the  usual  axi- 
"13,  or  fundamental  propositions  regarding  our 
nmary  discernments  concerning  space.  The 
efect  is  a  very  important  one:  were  it  sup- 
lied,  a  great  change  would  pass  over  all  ar- 
"itjements  and  methods  of  development  in  our 
mentary  Geometry.    The  defect  is  in  Euclid's 
"'equate  conception  of  the  necessarily  distinc- 
nature  of  two  definite  attributes  of  geometri- 
quantity— /om  and  magnitude.    The  Greek 
meter  did  not  trace  out  the  manner  in  which 
e  acquire  our  notions  of  these  attributes ;  and 
e  did  not  therefore  recognize  it  as  an  axiom 
lat  the  attribute  of  Form  haa  no  dependence  on 
'e  attribute  of  Magnitude.    The  phenomena  of 
niversal  Belief  indeed  amply  sustain  the  propo- 
tion— "  If  any  figure  exists  or  is  conceivable,  it 
exist  or  be  conceivable  with  the  same  form, 
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whatever  its  magnitude ;"  or  any  other  state- 
ment involving  the  Truth,  that  in  our  Perception! 
of  the  geometrical  qualities  of  an  object.  Farm 
alone  is  definite;  Magnitude   being  indefinite. 
The  physical  process  of  Perception  reveals  the 
root  of  that  belief ;  the  notion  of  Magnitude  in- 
voMng  an  estimate  of  the  distance  of  the  object, 
while  the  notion  of  Form  is,  at  its  source,  inde- 
pendent of  eveiy  variable  quantity. — These  views 
may  be  sustained  by  the  high  authority  of  La- 
place.   The  following  is  a  note  attached  to  his 
Systems  du  Monde : — ' '  Les  tentatives  des  geometres. 
pour  demontrer  le  Postulatum  d' Euclide  sur 
les  paralleles  out  ete  Jusqu'a  present  inutiles. 
Cependant  personne  ne  r€voque  en  doute  ce  pos- 
tulatum et  les  theoremes  qu'  Euclide  en  a 
deduits.     La  perception  de  I'etendue  renferme 
done  une  propriete  speciale  evidente  par  elk 
meme,  et  sans  laquelle  on  ne  put  rigoureusemevt 
etablir  les  proprieties  des  paralleles.    L'idee  d' 
une  Vendue  limitee,  par  example  du  cercle,  ne  cou- 
tient  rien  qui  depende  de  sa  grandeur  absolue. 
Mais  si  nous  diminuons  par  la  peusee  son  rayon, 
nous  sommesportesinvinciblementa'  diminuerdans 
le  mem^  rapori  sa  circumference  et  les  c6t&  de 
toutes  les  figures  inscrites.    Cette  proportionalite 
me  parait  etre  un  postulatum  bienplus  naturel 
que  celui  d' Euclide."— It  is  remarkable  that  Le- 
gendre's  effort  to  demonstrate  the  thirty-second 
proposition  by  aid  of  a  functional  equation,  is 
nothing  else  at  its  root,  than  an  implicit  state- 
ment of  the  very  axiom  we  contend  for.  Sir  John 
Leslie's  objections  to  the  jirocess  of  Legendre 
were  puerile ;  the  Edinburgh  Geometer  wholly 
forgot  that  constants  might  enter  into  the  equa- 
tion ;  and  that  while  there  are  constants  among 
angles,  there  are  none  among  lines.    But  these 
objections  are  not  a  whit  more  puerile  than 
the  subsequent  defences  of  the  Frenchman's  pro- 
cess by  Baron  Maurice  of  Geneva.— The  effort 
to  remodel  geometry  by  the  lights  now  given, 
would  assuredly  not  be  an  unworthy  one. 

Parallel  Motion.  A  contrivance  of  Watt's 
for  converting  rectilinear  into  circular  motion. 
The  piston  rod,  whose  motion  was  the  source  of 
movmg  power,  went  straight  up  and  down,  and 
it  was  attached  to  the  beam,  which,  being  fixed 
at  its  centre,  described  a  circular  arc.  It  was 
impossible,  therefore,  that  this  circular  arc  should 
be  accurately  described  if  the  beam  and  piston 
rod  had  been  directly  connected.  The  contriv- 
ance through  which  they  are  connected  indi- 
rectly, so  as  to  convert  the  rectilinear  into  the 
circular  movement,  is  called  the  parallel  motion. 

ParRfnlcne.  A  mock  moon.  A  meteor  ad- 
jacent to  the  moon  in  the  form  of  a  luminous 
ring,  whereby  two  or  more  images  of  the  moon 
are  sometimes  seen.    See  Haloks,  &c. 

Parhelia,  or  ITIock  Hnna.  A  phenomenon 
in  which  one  or  several  mock  suns  appear  beside 
the  real  one.  The  exact  form  which  the  mock 
sun  assumes  is  not  gcnerallv  identical,  except  in 
breadth,  with  the  real  sun and  very  frequently 
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there  are  coloured  lings  around  the  mock  sun 
like  haloes,  sometimes  with  luminous  tails.  Fre- 
(luently  a  number  of  them  appear  at  once.  Many 
«xact  descriptions  of  these  appearances  will  be 
I'ound  in  books  of  astronomy.  No  very  accurate 
theory  of  their  origin  or  cause  has  been  assigned. 
It  is  supposed  that  the  cause  is  tlie  reflection  of 
the  sun  upon  clouds  situate  so  as  to  receive  it 
partially,  which  again  throws  it  back  upon 
others,  until  idtimately  it  is  shown  on  the  sides 
of  clouds  visible  to  us.    See  A_nthelia. 

Pariliciioi>c.  One  of  the  Asteroids.  For 
Elements,  &c.,  see  Asteroids. 

Pasclitil  Cycle.    See  Cycle. 

Pavo.  One  of  Bayer's  constellations  between 
Sagittarius  and  the  South  Pole. 

Pencil.  An  optical  term,  applied  to  a  num- 
ber of  rays  which  converge  to.  or  diverge  from,  the 
same  point.  The  same  term  is  applied  by  ana- 
logy to  a  pencil  of  lines.  Harmonic  Pencils  are 
referred  to  and  their  character  explained  under 
Katio  Anharmonic, 

PeiKliilum.  The  pendulum  is  simple  or 
material:  i.e.,  it  may  be  conceived  as  a  mathe- 
matical point  having  weight  affixed  to  one  eud 
of  a  mathematical  line,  and  constrained  to  oscil- 
late or  vibrate — the  other  extremity  of  the  line 
being  fixed ;  or  it  may  be  conceived  as  a  rod  or 
other  form  of  material  suspended  by  one  of  its 
ends,  and  made  to  vibrate.  The  latter  is  some- 
times called  the  compound  pendulum.  Further, 
the  pendulum  m;iy  vibrate  in  vacuo,  or  within 
some  resisting  medium.  These  considerations 
explain  the  reason  of  the  divisions  and  sub- 
divisions of  the  following  short  article. 

I.  Of  the  Vibrations  of  Pendulums  in 
Vacuo. 

(1.)  Tlie  Theory  of  the  Simple  Pendulum. — 
The  vibration  of  tlie  simple  pendulum  may  be 
confined  within  one  j^lane,  or  the  heavy  point 
may  describe  some  comparatively  complex  curve, 

a.  The  former  or  simplest  case  amounts  to 
this  : — A  heavy  point  is  constrained  to  move  to 
.and  fro  within  the  concave  circumference  of  a 
fixed  circle,  and  on  either  side  of  a  fixed  point 
in  tliat  circumference, — rcquu'ed  the  laws  of  such 
motion?  The  following  is  the  simplest  most 
general  investigation. 

If  N  be  the  normal  force  which  the  c\n-ve 
exerts  upon  the  point,  and  X,  ^,  v  the  angles  wliich 
it  makes  with  the  axes,  horizontal  and  vertical, 
we  have  tliese  equations  of  motion — 


;  N  cos  A, 


dt"" 
d 

Hence 

2  d^  X  dx  _^2d^y 


d^j 
dt^ 


=  N  COS  ft, 


^  -|-  N  C03  ». 


dt''  •  dt 


d 


dj,2d^ 
dt 


z  d  z 
dt^Tt 


=  2N(^cosx-^^+cos^,-;+cosv.^^j 
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dz 
dt 


or  ^  •  fiJ^l±Ayl±l±. 

dt\  dt- 


V 


=  —2ffdz 


.•.  v-=  —  2  fjz  -\-c.  and  if  for  z  =  A,  u  =  K- 
v^  —  k''=2g<ih  —  z).  (1.) 

This  applies  to  the  general  case  of  a  body 
moving  upon  a  curve.  Let  the  curve  be  a  circle. 
Then  y  =  o,  x"  -f  -  z  -  —  2  a  z  =  o,  if  the  axis 
of  x  be  the  tangent  at  the  lowest  point.  Hence 

dx'^  +c?.y'»  +Sz'       2  dz 

df'  —2z- 

But  V»=P-f2  5r(/t_2). 

therefore 


3^  dt'- 


dt  = 


+  a  d  z 


(2.) 


\/2az  —  z^  VP4-2^A  — 2^2 


This  latter  equation  cannot  generally  je  inte- 
grated.— From  (1.),  it  is  evident  that  v  is  a  maxi- 
mum for  z  =0,  and  is  equal  for  equal  heights 
on  the  two  sides  of  z.  Also  its  minimum  value 
of  V,  corresponds  to  the  maximum  of  z,  that  is 
2  a,  if  that  value  be  a  possible  one,  that  is  k'- 

2  g  h  —  4  (/  a  be  not  negative,  or  ^ ^  -\-h  be 

7  2  a.    If  it  be  not  so,  the  velocity  becomes  o, 

at  z  =  ! — i— 


2  a 


and  the  point  turns  there  and 


Jc^  _|_  2  o  A 

re-begins  its  motion.    If   — — —  =  2  a  it 

z  a 

may  be  shown  that  the  point  will  approach  in 
finitely  to  the  summit  of  the  circle  without  over 
reaching  it. 

Equation  (2 .),  reduces  to 

dt  =  --  A  /  ^  .  7t4^=fX 


X 


^hz  —  z' 
 J. 


which  may  be  developed  by  the  binomial 

dz 


dt 


X 


X(l+1.3+&c.,) 

and  tliis  may  be  integrated  term  by  term.  Ilena 
for  the  entire  oscillation  from  z  =  h,  v  =  o 
back  to  tliat  on  the  other  side 
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be  very  small 


T  —  ^  \  /  —  J  for  a  small  oscillation. 

V  y 

L^glecting  all  after  the  second  term 


It  is  evident  how  tlie  value  of  g  may  be  dis- 
'vered  by  actual  observation  from  this," and  also 
length  (a)  of  a  simple  jiendulum  to  beat 
conds.    The  following  five  theorems  may  be 
adily  deduced  from  these  formulfe :— 1.  What- 
rer  the  amplitude  of  the  arc  of  oscillation, 
proeided  that  arc  be  small,  the  2>eriod  of  the 
oscillation  will  be  invariable— other  things  re- 
■maining  the  same.    2.  The  lengths  of  tmo  pen- 
dulums beating  the  same  time — say  seconds — are 
'oropartional  to  the  accelerating  force  of  gravity. 
I;ft  is  through  this  theorem  that  the  pendulum 
iias  come  to  be  employed  as  a  means  of  determin- 
Jig  the  figure  of  the  earth.    3.  The  times  of 

■  ijibration  are  proportional  to  the  square  roots  of 
Mie  accelerating  forces.  4.  The  periods  of  oscil- 
tiation  oj-e  proportional  to  the  square  roots  of  the 
«englh  of  the  pendulums.  5.  The  squares  of  the 
number  of  oscillations  made  in  the  same  time  by 

■-co  pendulums  of  ike  same  length  are  as  the  ac- 
■ekrating  forces. 

b.  But  the  vibration  of  the  pendulum  may  not 
)e  confined  to  one  plane.  Suppose  the  point  of 
uspension  to  be  the  centre  of  a  hollow  sphere,  it 

■  3  manifest  that  the  general  problem  may  be  ex- 
pressed tJius,— What  are  the  conditions  of  the 

notions  of  a  heavy  point  constrained  to  move  on 
the  concave  surface  of  tliat  sphere  ?  A  pendu- 
■um  not  confined  to  one  plane,  but  simply  to  the 
oneave  surface  of  a  hollow  sphere,  is  termed 
lie  conical  pendulum.  We  cannot  offer  more 
han  the  veriest  outline  of  the  theory  of  such 
lotions.  The  student  will  find  many  admir- 
W>le  researches  ia  recent  numbers  of  the  Philo- 
sophical   Magazine  and 
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first,  <p  be  the  variable  angle  which  the  pendulum 
forms  with  a  z,  we  shall  have  this  approximate 
result. 


^  =  a  cos  ^ 


If,  m  the  second,  o,  be  the  angle  formed  by  the 
pendulum  mth  a  z,  and  if  the  direction  of  tlw 
axis  of  ?/'s  has  bten  taken  so  that  the  initial 
velocity  K  caiTies  the  pendulum  in  the  angle 
z  A  Y,  corresponding  to  positive  values  of  «,  we 
shall  have 


~  SVCl  t 
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These  two  equations  give  the  position  of  the 
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other  scientific  periodicals. 
Take  for  origin  a,  for  axis 
of  z  the  vertical  down- 
wards, and  let  x  z  pass 
through  the  central  posi- 
tion A  B.  Let  M  be  the 
position  at  anj'  epocli,  of 
|e  point  p,  its  projection  on  x  T;  c  that 
Let  B  A  z  =  M  A  z  =  ^,  p  A  X 
=  ■v/',  A  M  =  ct,  A  p  =  r,  and  call  the  initial 
ilocity  K.  Decompose  now  the  initial  eondi- 
on  into  the  two  following; — Suppose,  in  the 
■St,  the  material  point  placed  at  b,  and  witii- 
it  velocity;  and,  in  the  second,  suppose  it  in 
and  having  the  initial  given  velocity  The 
imposition  of  these  two  mutually  independent 
^placements  at  any  epoch,  will  show  us  the 
splacement  of  all  which  is  wanted.    If,  in  the 


point  at  every  instant,  and  therefore  determine 
all  the  laws  of  its  motion. 

(2.)  The  Theory  of  the  Material  or  the  Com- 
pound Pendulum. — If  instead  of  a  heavj^  mathe- 
matical point  and  a  mathematical  line  of  suspen- 
sion, we  require  to  treat  the  case  of  a  vibratmg 
material  rod,  it  is  clear  that  new  considerations 
must  arise.  But  these  are  readily  evaded,  through 
efiect  of  the  theory  of  the  Centre  of  Oscilla- 
TION  (9  v.).  By  aid  of  the  doctrine  of  the  Centre 
of  Oscillation,  the  case  ef  a  material  or  compound 
pendulum  may  be  at  once  reduced  to  a  corre- 
spondmg  case  of  the  simple  pendulum. 

II.  The  Vibratiojjs  of  Pendulums  within 
Resisting  Media.— It  is  well  known  that  a 
body  plunged  into  any  fluid  loses  part  of  its 
weight,— as  much,  viz.,  as  the  volume  of  the 
fluid  displaced  by  it  weighs.    Ilcnce,  a  pendu- 
lum vibrating  in  the  air  will  execute  fewer  vibra- 
tions in  the  same  time  than  if  it  oscillated  in 
vacuo.    This  effect,  or  the  co-efficient  of  buoy- 
ancy, will  of  course  be  constant  for  the  same 
medium.    No  doubt  could  exist  as  to  the  cer- 
tainty of  the  foregoing  result;  but  Bouquer  was 
the  first  to  announce  the  following  general 
theorem,  viz.,  whaieuer  the  resistance  of  the 
medium  the  oscillations  of  a  pendulum  within  it 
are  isochronous:  the  resistance  merely  diminish- 
mg  the  amplitude  of  the  vibrations,  and  final!  v 
destroying  or  stopping  them  altogether.  Borda 
proposed  to  demonstrate  this  truth  ;  but  it  is  to 
Poisson  that  we  owe  a  mathematical  analysis  of 
the  subject  so  complete,  that,  considered  from  his 
point  of  view,  nothing  further  could  be  desired. 
The  subject,  however,  was  recently  taken  up  by 
Mr.  Baily,  and  examined  experimentally  with 
all  the  care,  conscientiousness,  and  precision 
which  this  excellent  plij'sicist  knew  so  well 
to  bestow  on  delicate  inquiries.    And  it  di<l 
not  appear  tliat  the  theoretical  results  ade- 
quately agreed  with  tlio  results  of  Iiis  observa- 
tion.   According  to  Poisson,  the  factor  by  wliich 
the  correction  for  buoyancy  must  be  multiplied  to 
give  the  whole  efl'cct  observed,  is  1-6  ;  Mr.  Baily'.s 
experiments,  on  the  other  hand,  gave  an  avorngo 
factor  of  1-8.    Tlie  discrepancy  lias  since  been 
removed  by  Professor  Stokes,  who  Las  reviewed 
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the  entire  subject,  and  taken  especial  account  of 
the  internal  friction  of  the  fluid  or  medium.  This 
memoir  'by  Mr.  Stokes,  is  inserted  among  tlie 
transactions  of  the  Caimhridge  Philosophical  So- 
ciety; and  is  in  many  ways  very  remarkable. 
Limiting  his  researches  to  the  case  of  a  ball  pen- 
dulum, he  found  that  the  resistance  encountered 
is  proportional,  not  to  the  surface,  but  to  the 
radius  of  the  sphere;  and,  therefore,  that  the 
quotient  of  the  resistance  divided  by  the  mass 
increases  very  rapidly  as  the  radius  decreases. 
Accordingly,  the  terminal  velocity  of  a  minute 
globule  of  water  descending  through  the  air,  de- 
pends almost  whoUy  on  the  internal  friction  of 
air:  but  since  the  Index  of  Friction  is  known 
from  Baily's  experiments,  this  terminal  velocity 
can  be  calculated  numerically  for  a  globule  of 
given  diameter.  This  velocity  proves  to  be  so 
small  in  the  case  of  globules,  such  as  those  of 
which  the  clouds  are  probably  formed,  that  Mr. 
Stolces  states,  the  suspension  of  clouds  need  not 
offer  any  difficulty.  He  has  further  apphed  this 
theory  of  internal  friction  to  the  calculation  of  the 
subsidence  of  a  series  of  any  oscillatory  waves. 

III.  Applications  of  the  Pendulum. — The 
applications  of  the  pendulum  in  scientific  research 
are  manifold  and  replete  -with  highest  interest. 
If  its  invariability  as  to  length  is  secured,  it  is 
the  best  measurer  of  Time,  as  well  as  of  the 
variation  of  Gravity  at  different  parts  of  the  earth. 
The  modes  of  securing  that  invariability  now  in 
use,  have  been  already  fully  explained  under 
Chronometer. — But  it  is  capable  of  important 
applications  of  another  kind,  where  no  compensa- 
tion has  been  employed,  and  no  effort  made  to 
secure  invariability.  Suppose,  for  instance,  it  is 
a  mere  metallic  rod,  the  rate  of  whose  expansi- 
bility by  heat  has  been  rigorously  detennined. 
The  clock  regulated  by  such  a  pendulum,  wiU 
not  keep  accurate  time :  it  will  go  quick  in  cold 
weather,  and  slow  in  hot  weather;  and  these 
seeming  irregularities  will  exactly  follow  the 
changes  of  temperature.  If  a  clock  of  this  kind 
has,  in  a  certain  period  of  time,  lost  or  gained  a 
definite  quantity,  that  quantity  will  probably  be 
our  best  and  easiest  indication  of  the  mean  tem- 
j)erature  during  the  period : — it  will  plainly  be 
the  exact  integral  of  all  the  momentary  effects. — 
So,  likewise,  as  has  been  several  times  proposed, 
a  clock  may  be  constructed  to  present  for  any 
given  time  the  mean  pressure  of  the  air,  or  the 
exact  integral  of  all  niomentaiy  changes  of  this 
paramount  meteorological  element.  It  simply  re- 
quires that  the  pendulum  rod  consist  of  a  syphon 
Imrometer.  The  rise  and  fall  of  the  mercury  in 
tliis  barometer  would  evidently  influence  at  everj' 
moment  the  position  of  the  centre  of  oscillation, 
and  thereby  alter  the  clock's  rate.  Sec  a  full  and 
conclusive  "investigation  of  the  nature  of  such  an 
instrument  by  Professor  Rankine,  in  Philosophical 
Magazine  for  December,  1853. 

Pcniimbrn.  The  meaning  of  the  nstrono- 
niical  terms  penumbra  and  umbra  has  been  ex 
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plained  at  sufficient  length  in  the  article  Eclipse, 
to  which  we  refer.    We  merely  wish  here  to 
notice  the  very  remarkable  phenomena  visible  in 
the  case  of  a  lunar  eclipse,  when  the  moon 
passes  through  the  umbra  and  the  penumbra. 
We  have  seen  that  the  solar  light,  by  the  reflec- 
tion of  which  the  moon  shines,  is  prevented  from 
reaching  her  by  the  interposing  body  of  the  earth. 
We  must  consider  the  earth,  however,  as  sur- 
rounded with  a  refracting  atmosphere,  and  faintly 
illuminated  at  all  parts  by  the  sunlight  which  it 
absorbs  in  the  day  and  gives  off  in  the  dark.  The 
effect  of  the  first  fact  will  evidntly  be  to  throw 
the  visible  ray  that  bounds  the  umbra,  nearer  the 
moon.  The  upper  and  lower  common  tangents  (sre 
figure  for  eclipse)  do  not  proceed  in  straight  line^ 
but  are  first  refracted  on  entering  the  atmosphere, 
and  then  again  on  leaving  it.   The  result  is  that 
these  rays  are  bent  inwards,  and  a  lessening  of 
the  cone  of  the  umbra  is  the  result.    The  other 
pair  of  common  tangents,  which  are  the  limits  of 
the  penumbral  cone,  are  also  bent  inward,  lessen- 
ing its  bulk.    Here,  also,  the  result  is  simph'  a 
dimmution  of  the  penumbral  cone.    If  the  air, 
then,  were  a  homogeneous  refracting  mass,  the 
effect,  in  both  cases,  would  merely  be  such  dimi-  i 
nution.     But  the  parallel  rays   that  streaiii  j 
through  the  upper  and  lower  regions  of  the  at-  I 
mosphere  are  not  equally  refracted.     In  the  I 
former  they  meet  with  enormously  thin  air,  ! 
which  scarcely  refracts  them  at  all ;  in  the  latter,  ) 
they  are  powerfully  refracted.  Hence  these  re- 
fracted ravs  are  spread  in  unequal  amounts  over  ■ 
the  space  which  is  thus  cut  off  from  the  umbral  i 
and  penumbral  cones.   At  the  outside,  where  we 
are  near  the  borders  of  the  geometrical  umbra  I 
and  penumbra,  there  is  most  additional  light  due  ■ 
to  refraction,  in  the  inside,  near  the  inner  borders  • 
of  these  cones,  this  refracted  light  darkens  and 
disappears.  In  the  lower  strata  of  our  atmospliere 
there  are  always  hanging  however,  quantities  of 
watery  vapour,  whether  visible  in  mists  and 
clouds,  or  not  visible.    This  transmits  but  ver\- 
few  of  the  rays  of  the  sun,  and  of  these  the  red  rays 
almost  alone.    Hence  at  this  point  of  its  passage 
the  moon  is  likely  to  assume,  and  in  fact  does 
assume  a  deep  blood-red  tint,  as  we  sometimes  see 
the  sun  himself  struggling  through  thick  mist  in 
autumn  mornings.    Then  again,  all  the  layers 
of  the  atmosphere  act  as  prismatic  dispersers  of 
the  white  ray.    They  do  not  refract  equally  the 
different  coloured  rays.  There  is  an  unequal  dis- 
pei-sion  of  light  therefore,  over  the  whole  space 
between  the  geometrical  and  the  true  umbra  and 
penumbra,  and  the  general  tint  is  a  faint  bluish- 
green.    According  to  these  remarks,  it  will  be 
readily  perceived  that  the  state  of  the  weather  (thf 
ipetco'rological  condition  of  the  atmosphere)  wil' 
exercise  very  decided  effects  on  the  phenomeni 
of  a  lunar  eclipse.    Wl>en  clouds  are  floating 
high  np  in  broken  masses,  there  will  be  a  disper- 
sion of  irregular  particles  of  red  light  over  tin 
inner  half  of  the  space  just  desa-ibed.    If  it  b( 
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quite  clear  so  far  as  we  see,  there  will  be  a  slight 
innddy  tint,  as  the  moon  passes  along  the  edge 
of  the  umbra  or  penumbra;  and  the  moon  in 
its  whole  passage  through  the  intervening  space 
will  appear  of  a  dim  uncertain  bluish  tint. 
While  the  moon  is  passing  through  the  penum- 
bra, or  this  space  between  the  geometrical  and 
the  true  umbra — these  refracted  solar  raj-s,  or 
the  partial  solar  illumination  preceding  them — 
enable  us  to  see  her  orb.  When  she  passes 
completely  into  the  umbra,  she  appears  at  first 
ilark,  and  remains  so  to  the  naked  eye  for  some 
time.  All  this  time  a  telescope  can  distinguish 
her  mass,  faintly  illuminated  by  light  from  the 
earth;  as  she  passes  in,  the  eye,  getting  ac- 
customed to  the  loss  of  the  more  powerful  reflec- 
tion of  the  solar  rays,  becomes  much  more  sensi- 
tive than  it  was  to  feeble  impressions,  and  even 
unassisted  by  the  telescope,  it  can  discern  the 
moon  passing  through  aU  delicate  gi-adations  of 
colours  up  to  a  fiery  copper  glow,  like  that  of 
dull  red  hot  iron,  which  has  been  left  to  cool. 
The  side  of  the  moon,  turned  from  the  sun  at  the 
time,  has  absorbed  at  previous  periods  an  amount 
of  light  which  it  now  throws  upon  every  body 
capable  of  receiving  its  impressions,  and  to  which 
the  eye  becomes  more  and  more  sensitive,  as  the 
common  moonlight  fades.  These  phenomena 
are  all  observable  in  a  lunar  eclipse. 
Percussion  See  Centee  of. 
Perigee.  The  pomt  of  the  moon's  orbit 
n  nearest  the  earth. 

Peiihelion.  The  point  of  the  earth's,  or  of 
J  a  planet's  orbit  nearest  the  sun. 

Pcrioeci.  Those  inhabitants  of  the  earth 
"  who  live  under  the  same  latitudes,  but  at  180° 
of  longitude  distant  from  one  another — that  is, 
iat  diametrically  opposite  points  of  the  same 
p  parallel  of  latitude.  They  have  the  same  common 
^•  seasons,  because  they  are  in  the  same  relation 
'<  to  the  ecliptic,  and  having  the  pole  in  the  same 
p  position  they  have  identical  celestial  phenomena. 
\  Wlien,  however,  it  is  noon  with  the  one,  it  is 
n  midnight  wth  the  other,  and  vice  versa. 

Pcriscii.    The  inhabitants  of  either  frigid 
»  zone,  where  in  the  summer  the  sun  moves  simply 
.1  round  about  them  without  setting,  and  where 
'I  the  shadow  consequently  turns  round  successively 
to  all  points  of  the  compass. 

Pcriscopic  Spectacles.  Generally  speak- 
ing,  distinct  vision  through  spectacles  does  not 
■  take  place  unless  one  looks  through  the  axis  of 
the  lens.  Dr.  "Wollaston  suggested,  that,  by  the 
use  of  menisci,  or  concavo-convex  lenses,  objects 
might  be  looked  at  obliqueli/,  without  being  much 
distorted,  so  that  wearers  of  spectacles  mi<i-ht 
turn  the  eye,  without  turning  the  head,  as"  in 
cases  of  natural  unassisted  vision.  These  are  the 
^periscopic  spectacles. 

Permutations.    The  idoa  of  combination  is 
I  one  of  the  earliest  we  have.    Suppose  that  wo 
nave  a  number  of  articles,  and  that  it  is  pro- 
posed to  arrange  them  in  all  the  forms  of  a  given 
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kind  that  are  possible,  the  question  is  evidently 
suggested,  how  many  of  such  forms  are  pos- 
sible ?  This  may  be  answered  by  actually  ex- 
hausting all  of  them.  If,  however,  some  algebraic 
formula  could  be  obtained  to  give  the  result 
of  this  exhaustion  for  every  case,  the  general 
problem  would  be  solved. — Suppose  we  have  m 

things,  which  call  a,  b,  c,  d  /,  and  that  we 

are  required  to  find  out  how  many  combinations 
of  these,  two  and  two  together,  are  possible. — It 
is  evident  that  any  one  of  the  things  a  can  be 
put  once  before  any  of  the  others  b,  c,  d,  &c. 
This  wiU  give  m  —  1  combinations  in  which  a 
is  first.  Again,  any  other  of  the  things  b  can 
be  put  before  each  of  the  others  a,  c,  d,  &c.,  and 
every  member  of  this  class  will  not  only  differ 
from  each  of  its  own  class,  but  from  every  mem- 
ber of  the  former.  Thus  repeating  the  process 
for  each  of  the  m  quantities,  we  shall  have  m 
classes  of  combinations,  each  containing  m  —  1 
forms;  that  is  m  •  (in  —  1)  combinations. 
Again,  if  we  are  to  have  aU  the  forms  obtain- 
able by  taking  the  quantities,  three  and  three, 
together.  Count  off  one  of  them,  as  a.  Then 
the  others,  which  are  m  —  1  in  number,  can 
be  arranged  two  and  two  together,  by  the  proof 
above  (in  —  1)  (m  —  1  —  1) ;  that  is  (m  —  1) 
(m  —  2)  times.  Suppose  we  put  a  before 
each  of  these.  Then  we  shall  have  (m  —  1) 
(m  —  2)  forms  of  arrangement  of  the  original 
quantities  by  threes,  in  all  of  which  a  is  first. 
Similarly  counting  off  every  one  of  the  m  quan- 
tities successively,  and  repeating  the  identical 
process  here  gone  through  we  should  have  m 
series  of  arrangements,  in  each  of  which  are 
(to  —  1)  (to  —  2)  individual  arrangements,  all 
differing,  classes  and  individuals.  These  are, 
therefore,  ?w  (to  —  1)  (m  —  2)  of  these  arrange- 
ments. See,  then,  if  we  can  guess  at  the  law 
which  seems  to  prevail.  A  law  which  evidently 
does  hold  for  such  combinations  of  to  (anynumber) 
of  things  taken  two  together,  and  also  taken  three 
together,  is  that 

TO  .  (to  —  1)  (m  _  2)  (to  _  n  -j-  1) 

is  the  number,  if  the  things  be  taken  n  together, 
— where  each  of  the  successive  factors  decreases 
by  1,  until  the  last,  m  —  w  -|-  1  is  reached. 
We  have  reached  the  law  by  induction  then. 
But  we  can  show  by  mathematical  proof,  that 
there  is  such  a  law;  that  if  it  do  actually  hold 
for  any  given  number  «,  it  will  actually  hold 
for  the  number  immediately  above  it  n  -\-  1. 
For  suppose  one  of  the  m  things,  a,  to  be  counted 
off,  then  by  the  law  supposed  to  liold  for  n  things, 
we  shall  have  all  the  combinations  of  the  remain- 
ing TO  —  1  things  taken  n  together  as 

(to  —  1)  (to  —  2)  (m  —  1  —  K  -f-  1) 

which  is  equal  to 

(to  -  1)  (to  —  2)  (to  —  (71  -f  1)  4-  1) 

If  to  each  of  these  a  be  prefixed,  wo  shall  have 

(,n  —  1)  (to  —  2)  (to  —  (h  4-  1)  4-  1) 

combinations  of  to  things,  taken  n  -j-  1  togetlicr 
in  which  o  is  first.    Similarly  we  should  have  a 
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like  number  of  them  in  which  b  is  first — in  whicli 
f,  d,  &c.,  are  so.  These  are,  therefore,  m  classes 
— as  many,  that  is,  as  the  numher  of  things — 
each  consisting  of 

0»  —  1)  (w  —2)  (m  _  (»  -f  1)  4-  1) 

forms  of  combination.  Hence  there  will  be 
altogether 

m  (fra  —  1)  (jn  —  2)  (m  —  (it  -f  1)  -[-  1) 

forms  of  combination  of  m  things,  taken  n  -\-  1 
together,  if  the  law  above  stated  hold  for  them 
taken  n  togethei-.  That  is,  the  same  law  (for 
this  is  identical  with  the  old),  if  it  hold  for  any 
one  number  n,  will  hold  for  that  immediately 
above  it.  But  it  holds  for  the  number  3,  there- 
fore it  will  for  4.  But  it  holds  for  4,  therefore 
for  5.  But  for  5,  therefore  for  6,  and  so  on  evi- 
dently ad  injiniluni.  That  is,  the  law  holds  for 
any  number  of  forms  of  combinations.  There- 
fore, the  number  of  forms  of  combination  of  m 
things,  taken  n  together  is 

m  (m  —  1)  {m  —  2)  (m  —  re  +  1)  (1). 

In  this  discussion,  as  will  be  seen  on  looking  back 
at  it,  such  a  form  as  a  has  been  taken  as  dif- 
ferent from  ft  6 ;  6  a  c  as  different  from  c  6  a,  and 
so  on.  But  it  might  well  happen,  that  the  order  of 
events  occurring  might  be  immaterial  to  the  calcu- 
lator. He  would  then  count  Z»  a  as  equivalent  to 
a  b  a  c  to  c  b  a,  and  so  on.  How  shall  we  ob- 
tain the  number  of  such  combinations  indepen- 
dent of  order  f  Suppose,  for  example,  we  have 
m  things,  taken  ti  together,  and  \ve  wish  to  find 
only  the  number  of  such  fundamentally  different 
combinations.  Take  any  one  of  them,  consisting 
of  n  definite  quantities.  Then  instead  of  the  total 
number,  in  which  these  same  n  quantities  suffer 
all  different  kinds  of  arrangement,  we  shall  have 
onl}'  one.  Can  we  find  the  value  of  this  whole 
number  ?  That  is,  can  we  find  the  number  of 
combinations  dependent  on  order  of  n  things, 
taken  n  together  ?  The  reply  is  evident.  Sub- 
stitute in  formula  (1)  n  for  m.    We  have  then 

re  •  (re  —  1)  (re  —  2)  (n  _  re  -f  1) 

or      re  (re  —  1)  (re  —  2)  1, 

or      1  •  2    3  •  4  n  (2), 

as  the  number  of  such  combinations.  Instead, 

therefore,  of  the  1'2'3*4  n  combinations 

independent  of  order  into  which  any  n  definite 
things  can  be  arranged,  we  shall  have  only  one. 
AVe  should  have  the  same  result  for  any  other  n 
definite  things.  We  thus  arrange  the  whole  num  - 
ber  into  groups,  each  consisting  of  1  •  2  •  3  •  4 

 n  individuals,  and  count  the  number  of 

groups.    That  number  is  evidently,  therefore, 

m  •  (m  —  V)  (m  —  2)  (vi  —  n  -j-  1)  • 

  (3). 

1  ■    2  •        3   n 

The  formula  (3)  can  be  put  into  a  different  form, 
that  will  give  clear  confirmation  of  its  truth. 
Let  its  numerator  and  denominator  each  be  mul- 
tiplied by  the  number 

(m  —  72)  (m  —  n  —  1)  3*2    1  ' , 

and  we  obtain  tlie  equivalent  form 
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m  •  (in  —  1)  (to  —  n  -\-V) 

1  •    2  re 

'_(m  —  n)  (m  —  re  —  1)  3  -2-1 

1  2   m  —  n. 

Now  the  numerator  is  evidently — changing  the 
order  of  factors — the  quantity 

1  •  2    3  m. 

Hence  we  have,  equivalent  to  (3),  the  form  (4) 
1  •  2  •  3  m 

 (4). 


1  •  2  •  3. 


.re  •  1  •  2  •  3 


Let  us  consider  what  the  meanings  of  the  several 
parts  of  this  formula,  would  indicate  as  its  total 
meaning.  Suppose  m  things  arranged  m  together 
in  any  way,  and  divided  into  two  classes,  saj'  an 
accepted  set,  consisting  of  re,  and  rejected  set  of 
m  —  re  individuals  always.  Then  the  number  of 
combinations  m  together,  regardless  of  order,  is 

1  •  2  •  3  m. 

Now,  of  these,  if  we  take  the  number  of  com- 
binations of  n  tilings  re  together,  regardless  of  form, 
and  of  —  re  things  m  —  re  together,  regardless 
of  form,  we  shall  evidently  have  by  combining 
the  two  sets  the  whole  number  of  combinations, 
which  we  must  in  the  actual  case  (m  things  n 
together,  taking  order  into  account),  consider  as 
for  our  purposes  only  one  group.  That  is,  we 
have,  for  every 

1    2  •  3  re  X  1  •  2  •  3  m  —  n 

forms,  out  of  the  whole 

12-  3  m 

only  one  group.  The  total  number  therefore 
of  these  groups,  that  is  of  combinations,  taking 
the  order  into  account,  is  the  formula  (4).  It  is 
clear  that  we  may  either  call  the  re  accepted — the 
class  actuallj'  considered — and  the  m — n  rejected, 
thrown  off  and  not  to  be  actually  considered,  or 
reversely  call  the  m  —  re  accepted,  and  the  n  re- 
jected. That  is,  the  number  of  such  combinations 
of  m  things  re  together  is  the  same  as  that  of  m 
things,  m  —  re  together.  We  have  used  the 
general  term  coiiMnalions.  What  are  technically 
called  CoJiBiN.-vTiONS  are  those  aifangements  in 
ichicli  the  order  is  not  taken  into  account  as  a 
determining  element.  Those  in  which  it  is  so, 
are  called  Variattoxs  or  Permutations.  The 
latter  term  is  often  restricted  to  the  single  case 
for  which  formula  (2)  applies, — that,  namely, 
where  the  number  of  combinations  regardless  of 
form — that  is,  variations  of  re  things,  n  together, 
is  to  be  considered. — We  may  generalize  the  idea 
of  combinations,  by  the  consideration  above — of 
classes — into  wliich  the  total  number  of  things  is 
to  be  divided.  Suppose  we  have  a  group  of 
m  -j-  7j  -\-  2^  things  which  are  to  be  combined 
into  three  partial  groups,  comprising  respectively 
m,  re,  j;,  in  each,  we  shall  have 

1  •  2  •  3  (m  -{-  re  p)  

1  •  2  •  3  m  •  1  •  2  •  3  re  •  1  •  2  •  3  .../> 

as  the  number  of  waj-s  in  which  the  distribution 
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niight  be  made,  and  so  whatever  be  the  number 
if  groups,  each  containing,  suppose  a,  b,  c,-&c., 
members,  we  have  the  general  expression 

12-3  a-|-5-[-c-j-  &c.) 

1  -2 -3  a- 1-2 -3  6-1  •2"- 3  c  &c. 

I'his  will  be  the  best  place  to  indicate  several 

iher  theorems  of  arrangement  and  combination, 
I  f.  ia  the  results,  we  are  not  excluded  from  repe- 

uion  of  the  same  number — thus,  if  a  re  be  cqn- 
-iilered  a  combination  as  well  as  a  b,  we  should 
lave  m"  combinations  a  a,  a  b,  a  c,  &c.,  b  a,  b  b, 
'•  c,  &c.,  because  in  each  of  these  groups  there  is 
and  these  are  m  gi-oups.  Similarly  if  the 
aoups  are  to  consist  of  n  indi^dduals,  in  which 
iny  one  individual  being  repeated,  may  combine 
y\th  any  or  no  others,  we  shall  havemn  as  the 
lumber  of  combinations.  Again,  if  we  are  to 
lave  only  absolute  combinations  regardless  of 
rder,  we  have  a  more  difficult  problem. 


1  -^a  x-^ar  X-  -\-  &c., 


1  —  ax 
1 


b  X 


1  — 

Irlence, 


=.l-\-bx-\-b'x--\-  &c., 
-j-  &c., 


.  =  l-\-c  x-\-c'^ 


X 


X 


c  x 


X&c. 


=  (1  -^ax-\-a'  x''  -\-&c.,)l-\-bx 
+  6-a;=&c.,)  &c. 

iJere  e\ndently  the  co-efficient  of  x  will  be  the 
jnm  of  the  combinations  one  and  one  together ; 
f  f  the  quantities  a,  b,  c,  &c., — that  of  a;^  the  sum 
'f  those  two  and  two  together,  including  repetitions 

f  each  individual — a^,  H^,  &c., — and  so  on.  The 
-o-efficient  of  x"  will  be  the  sum  of  the  combina- 
>ions  of  the  m  quantities  a,  b,  c,  &c.,  taken  n 
Jgether.  We  want,  however,  to  find  the  num- 
?rer.  Evidently  that  will  not  alter,  whatever 
lae  special  values  of  a,  b,  c,  &c.,  may  be.  Sup- 
■ose,  then,  all  to  become  1,  then  clearly  the 
rctnal  value  of  the  co-efficient  of  a;"  will  be  the 
I'ame  as  the  number  of  co-efficients,  because  each 

f  the  quantities  a„,  a— '  J,  &c.,  which  make 
"  p  the  total  number,  becomes  equal  to  1.  Now 

»  find  the  value  of  this  factor. 

Ill  1 

  X    X  :  X  to  m  times 

—  a;       1  —  X       1  —  X 

=  (1  —  a;)  —  ™  =  1  -}-  &c. 

,  _L  TO  •  (m  -j-  1)  (m  -\-  n  —  1) 

^  1  ■   2  n  ■ 

herefore,  the  total  number  of  combinations, 
here  order  ia  left  out  of  account,  but  repetition 
-erraitted,  is 

-m  •  (m-f-I)  (m-\-2)  (m-\-n  —  1) 


(5). 

1-     2-        3-  „ 

'lie  special  formula  of  the  subject  will  be  at 
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once  remembered  by  those  who  are  familiar  with 
those  of  the  binomial  theorem.  In  fact,  the  co- 
efficients in  the  latter  merely  consist  of  them  ; 
this  theorem  at  bottom  founding  upon  those  per- 
mutation formuliB  which  we  have  been  exhibit- 
ing.— A  very  frequent  application  of  tliis  theory 
is  to  the  number  of  times  that  a  special  number 
can  be  thrown  with  dice  cast  any  given  number 
of  times.  Thus,  suppose,  we  are  to  have  the 
number  of  times  that  the  number  n  can  be  thrown 
by  throwing  dice  m  times.  Evidently  the  results 
of  two  throws  will  be  all  comprised  in  the  formula:; 

(a;-\-x--{-x^-J^x*-\-x^-\-  x% 

and  of  m  throws  in 

(x-\.x--\-a^-\-x''-\-  x'-\-  a;")™, 

that  is,  the  number  of  times  that  n  may  be 
thrown  in  m  throws,  will  be  represented  by  the 
co-efficient  of  xn  in  this  expansion.  That  is,  of 
xn—m  in  the  expansion  of 

(l-f-a;-l-.a;^+a;^4-x'-f 


or  of 


/I  —  a:6-\ 
[~x) 


,  or  of  (1  — a;")"  (1— a;)-' 
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This  su'jject  Avill  come  out  into  distincter  prac- 
tical importance  in  the  doctrijie  of  Probabi- 
lities, to  which,  indeed,  that  of  permutations 
just  treated,  serves  chiefly  as  introduction. 

Pei-pcuial  Motion.    If  this  famous  appel- 
lation had  simply  meant  perpetuity  or  indestruc- 
tibility of  Force,  it  would  have  stood  for  an  im- 
portant and  imdeniable  truth.    No  force  is  lost 
in  the  Universe ;  we  never  discern  the  loss,  but 
only  the  conversion  offeree,  e.  g.,  when  a  machine 
is  brought  to  a  stand  through  friction,  all  that 
has  occurred  is — the  force  applied  to  move  the 
machine,  has — through  the  resistance  we  call 
friction — been  converted  into  a  mechanical  equi- 
valent of  Eeat;  and  this  Heat,  by  communi- 
cation and  radiation,  is  in  existence  playing  its 
equivalent  mechanical  part.    But  this  is  not  the 
common  or  practical  conception  attached  to  the 
term  perpetual  motion.    It  has  ever  signified  as 
follows: — a  machine,  whose  characteristic  is,  that 
the  initial  or  primary  force  shall  be  restored  or 
replaced  by  the  very  movement  it  produces.  Now, 
setting  aside  the  fact,  that,  in  every  machine  of 
earthly  materials,  part  of  the  initial  force  must 
ever  be   converted  into  heat  and  dissipated 
through  effect  of  friction,  it  is  clear  that,  were 
such  a  machine  consummated,  the  effect  would 
be  not  motion,  but  ecpdlibritim  or  rest.  A  machine 
is  a  mere  medium  of  connection  between  ^ojfcr 
at  one  end,  and  e£ect  at  the  other;  and  were 
these  two  equal,  the  machine  would  simply  stand 
still.    The  negation  of  the  jjossibility  of  per- 
petual motion  may  therefore  be  accepted  as  an 
axiom  in  mechanical  science.    Mr.  Grove  has 
recently  shown,  in  a  most  ingoi'.ious  essay  read 
before  the  Royal  Institution  of   London,  that 
important  uses  may  be  made  of  this  axiom  as 
an  aid  in  scientific  research.  He  has  illustrated, 
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by  many  important  instances,  that,  considered  as 
a  test,  it  might  enable  us  to  discern  in  any  ex- 
periment, to  wliat  degree  of  a])proximatio"n  we 
have  obtained,  from  any  given  natural  force,  the 
total  quantity  of  power  it  is  capable  of  affording ; 
and  that  it  might  also  serve,  on  the  discover)'  of 
any  new  phenomenon,  to  show,  up  to  what  point, 
that  phenomenon  might  be  put  in  relation  with 
phenomena  fonnerly  known.  Mr,  Grove's  essay 
well  merits  the  attention  of  every  one  interested 
in  the  philosophy  of  the  sciences. 

Perseus.  A  constellation  surrounded  by 
Andromeda,  Aries,  Taurus,  Auriga,  Camelopar- 
dalis,  and  Cassiopeia.  Its  principal  stars  a 
Persei,  and  /3  Persei  (Algol)  are  between  the 
second  and  third  magnitude,  and  the  stars,  y,  S, 
e,  ^,  Persei,  are  of  the  third  magnitude. 

Persistence  of  Visual  Impression.  Ob- 
servation and  experiment  concur  to  prove  that 
the  visual  perception  of  an  object  does  not  cease 
for  some  time  after  the  rays  of  light,  proceeding 
from  it,  have  ceased  to  enter  the  eye.  To  this 
phenomenon  the  name  persistence  of  vision  has 
been  given.  Many  appearances,  in  nature  and  in 
optical  experiments,  are  explained  by  reference 
to  this  fact.  It  is  most  easily  observed  in  the 
common  amusement  of  children,  when  a  glowing 
ember  is  moved  to  and  fro  in  the  air  so  rapidly 
as  to  give  rise  to  the  appearance  of  continuous 
ribband-like  lines  of  light.  In  such  a  case  it  is 
evident  that  the  luminous  point  can  only  be  in 
one  position  at  a  time,  and  it  is  known  that  the 
velocity  of  light  is,  in  comparison  to  such  small 
spaces,  infinitely  great.  The  raj'S  which  leave 
the  object  while  occupying  one  of  its  positions 
must  enter  the  eye  and  make  their  impression  in- 
stantaneously, so  that  if  the  impression  vanished 
from  the  sense  of  vision  as  rapidh',  the  object, 
however  quickly  it  moved,  would  only  appear  in 
one  position  at  a  time ;  and,  as  this  is  not  the  case, 
it  follows  that  the  visual  impression  must  con- 
tinue or  be  persistent  for  some  time  after  the  rays 
of  light  producing  it  have  ceased  to  impinge  on 
the  sensitive  surface.  If  a  white  spot  be  made 
on  the  circumference  of  any  revolving  wheel, 
such  for  instance  as  the  flywheel  of  an  engine, 
it  will  be  found  that  as  the  speed  of  revolution 
increases  the  appearance  of  the  spot  will  be  more 
and  more  elongated,  till  at  last  it  seems  to  extend 
over  the  whole  circumference.  When  this  happens, 
it  is  evident  that  the  duration  of  the  impression 
on  the  eye  must  have  continued  from  the  moment 
that  tlie  spot  left  any  one  point  in  its  track  till  it 
returned  to  it  again,  or,  in  other  words,  during 
one  entire  revolution  of  the  wheel.  This  will 
happen  at  the  same  speed  on  whatever  part  of  the 
wheel  the  mark  lias  been  made.  For  instance,  if 
it  be  made  on  one  of  the  spokes  near  the  centre,  it 
might  at  first  seem  that  as  the  motion  is  so  much 
slower  there  than  at  the  circumference  the  revo- 
lution would  require  to  be  more  rapid  in  order 
that  appearance  of  a  complete  circle  of  light  might 
be  seen;  but  it  must  be  recollected  that  though 
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the  motion  Is  slow,  in  the  same  proportion  a 
shorter  space  has  to  be  traversed,  and  in  both 
cases  exactly  the  same  time  will  elapse  before 
each  point  again  crosses  any  of  its  former  posi- 
tions in  space,  or,  what  is  the  same  thing,  any 
point  of  the  image  again  passes  over  the  same 
position  on  the  sensitive  curtain  or  retina  of  the 
eye.  In  this  way  we  see  that  one  entire  radial 
line  whitened  would,  at  the  same  speed  of  revo- 
lution, give  the  appearance  of  a  flat  white  disc. 
With  regard  to  the  absolute  time  of  duration  of 
the  impression,  it  is  evident  that  the  time  occu- 
pied in  one  revolution,  when  the  speed  is  just 
great  enough  to  render  the  circle  of  light  com- 
plete, is  the  period  in  question.  Experiment 
proves  that  on  an  average  such  a  wheel  requires 
to  revolve  eight  times  in  a  second,  so  that  ith  of 
a  second  is  the  time  during  which  the  visual  im- 
pression persists  after  the  object  producing  it  ceases 
to  send  raj-s  to  the  eye.  It  is  found,  however, 
that  the  more  intense  the  Ught  is,  the  longer  does 
its  impression  continue ;  and  also  that  the  colours 
of  the  light  produce  variations  in  the  time  of 
duration — thus,  red  continues  longest,  then  follow 
3'ellow  and  blue,  and  the  most  refrangible  or  violet 
rays  leave  impressions  which  persist  for  a  much 
shorter  period. 

The  cause  producing  this  persistence  of  im- 
pressions is  no  doubt  the  nature  of  the  physical 
action  which  constitutes  the  impression  itself. 
Since  the  recent  experiments  of  Fizeau  on  the 
velocity  of  light  in  traversing  difierent  media, 
have  left  no  doubt  but  that  a  ray  of  light 
consists  of  a  progressive  undulation  in  the  line 
of  its  direction,  it  follows  that  the  retina  of 
the  eye  must  itself  be  capable  of  vibration,  and 
must  therefore  consist  of  a  surface  exquisitely 
sensitive  to  such  undulatory  movement.  It  can 
easily  be  understood  from  the  analogy  of  the  sur- 
face of  a  pool  of  water  which  has  from  some  cause 
been  agitated,  where  the  motion  continues  for  a 
longer  or  shorter  interval,  depending  in  some 
degree  on  the  strength  of  the  disturbing  cause, 
before  undulation  ceases,  so  likewise  the  tremulous 
surface  of  the  retina  itself  continues  to  vibrate 
after  the  undulatory  line  of  light  ceases  to  dis- 
turb its  surface.  After  ordinarj'  exhibitions  of 
this  persistence  the  appearances  vanish,  as  has 
been  said,  m  a  period  of  about  -jth  of  a  second  of  I 
time,  but  if  the  luminous  impression  has  been 
very  intense,  and  more  especially  if  it  has  con-  ^ 
tinned  on  the  same  spot  of  the  retina  for  a  great 
length  of  time,  another  variety  of  persistence,  to 
which  the  name  of  ocular  spectre  has  been  given, 
makes  its  appearance.  If  the  eye  has  been 
steadily  directed  to  the  sun  or  to  a  bright  object, 
such  as  a  candle  or  gas  flame,  on  looking  away 
at  first  a  general  haze  of  indistinctness  occupies 
the  field  of  vision,  but  after  a  few  seconds  the 
spectre  appears  in  the  shape  of  an  image  of  the 
sun  or  otlier  luminous  object,  projected  on  what 
ever  surface  the  ej"es  are  directed  to,  and  fre- 
quently appearing  even  if  the  eyelids  are  alto- 
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rether  closed.  A  striking  peculiarity  of  these 
cular  spectra  is  the  diversity  of  colour  through 
vliich  they  pass,  at  first  appearing  of  a  similar 


iihade  to  the  object  producing  them,  and  shortly 
^■iflerAvards  becoming  of  exactly  the  complementary 
\volour;  for  instance,  if  a  red  sunset  has  been 
ixooked  at  and  the  eyes  closed,  a  green  coloured 
u,un  and  clouds  occupy  its  place  on  the  retina, 
Ivhich,  however,  rapidly  changes  colour  to  violet, 
fflurple,  and  even  black,  the  shade  being  modified 
ny  the  hue  of  the  surface  on  which  the  spectre  is 
aiast  by  the  movement  of  the  eyes.  These  varying 
iBues  are  called  accidental  colours,  and  are  gen- 
nraUy  accounted  for  by  supposing  that  the  portion 
f  the  retina,  on  which  the  luminous  impression 
las  been  long  and  powerfully  cast,  becomes  so 
ifatigued  as  to  be  incapable  for  some  time  of  again 
»eing  excited  by  the  impression  of  the  same  colour 
if  light  as  that  which  has  produced  it,  while  at 
hhe  same  time  it  retains  the  capability  of  being 
sxcited  by  the  other  coloiu-s  which  constitute 
jght, — hence,  when  the  eye  is  withdrawn  from 
i;azing  at  a  red  sun,  and  directed  to  a  white  sur- 
lace,  the  green  colours  of  the  white  light  can  alone 
iffect  the  retina,  and  therefore  the  fatigued  portion 
I'f  the  surface  shows  only  impressions  of  a  green 
olour,  whereas,  if  the  eye  had  been  cast  upon  the 
»lue  sky,  an  impression  of  the  sun  of  a  blue  colour 
Jone  would  have  appeared.   In  some  cases  those 
;<pectral  impressions  have  remained  for  many  days, 
ind  have  at  last  only  been  removed  by  keeping  the 
ye  at  rest  and  in  darkness.    One  striking  pecu- 
iarity  of  these  phenomena  consists  in  this,  that 
ong  after  they  have  ceased  to  be  observable, 
firhen  the  vision  is  directed  steadily  at  any  sur- 
lace,  they  can  yet  be  recalled  by  rapidly  opening 
and  shutting  the  eyelids,  or  moving  to  and  fro 
:ome  object  before  the  eyes,  so  as  to  vary  the 
I'.ppearance  of  the  screen  on  which  the  spectre 
3  thrown  in  the  visual  field,  a  circumstance  pro- 
bably to  be  explained  by  the  supposition  that 
hihe  abnormal  vibration  of  those  points  of  the 
rtetina  in  which  the  spectre  exists  (so  to  speak, 
Q  a  latent  state),  though  really  continuing,  is  yet 
0  feeble  as  only  to  be  seen  in  the  interval  between 
-ts  adjustment  from  one  state  of  vibration  to  that 
:vhich  is  necessary  to  be  established  when  vision 
3  directed  to  another  kind  of  surface. — There  can 
little  doubt  that  the  phenomena,  of  which 
wccount  has  now  been  given,  have  been  the  real 
"•rigin  of  many  of  the  so-called  spectral  apparitions 
vhich  in  all  ages  have  haunted  the  field  of  human 
-Tsion  in  the  silence  of  night,  when  the  eye,  left 
0  repose  upon  darkness  or  to  wander  among  the 
lim  shapes  of  doubtful  objects,  bodies  forth  on 
jjght's  cloudy  curtain  the  shapes  of  objects  de- 
)icted  on  its  surface  in  the  hours  of  sunshine. — 
Co  return  to  the  first  mentioned,  viz.,  the  ordi- 
nary kind  of  visual  persistence,  when  the  impres- 
•ion  lasts  only  during  ith  of  a  second,  it  may  be 
itated  that  this  is  one  of  the  few  phenomena  in  the 
inimal  economy,  to  which  no  important  beneficial 
•ects  can  be  traced.  Indeed,  it  may  be  regarded 
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rather  as  a  defect  of  vision  than  anything  like  a 
provision  in  itself.  If  it  had  been  of  greater 
magnitude,  rapid  and  distinct  vision  would  have 
been  impossible.  As  only  one  point  of  any  object 
can  be  seen  distinctly  at  a  time,  it  follows  that 
perfect  sight  of  it  can  only  be  got  by  a  rapid 
glance  from  point  to  point,  a  circumstance  whicli 
would  have  produced  complete  confusion  if  the 
visual  impressions  had  remained  long  on  the  single 
point  of  the  retina  which  communicates  distinct 
vision.  We  are  rather  led,  therefore,  to  regard 
the  persistence  of  impressions  as  a  defect  of  vision, 
resulting  necessarily  from  the  nature  of  the  retina 
as  a  vibratory  surface,  and  to  admire  the  facility 
which  it  has  of  again  coming  so  far  to  rest  as  to  re- 
ceive a  new  impression  altogether  distinct  so  as  to 
produce  the  perfection  of  vision  which  the  human 
eye  is  known  to  enjoy. — While  its  effects  are  thus 
of  short  duration,  they  are  yet  abundantly  trace- 
able in  natural  appearances.  Thus  the  falling 
rain-drop  is  globular,  yet  it  appears  as  a  con- 
tinuous arrow  or  line  of  water.  The  lightning 
consists  but  of  a  single  spark  of  small  size,  yet 
it  is  seen,  as  a  continuous  forked  line  at  the  same 
instant  over  the  whole  of  its  track.  The  re- 
volving spokes  of  a  wheel  appear  as  a  semi- 
transparent  sheet.  The  colours  on  a  revolving  disc 
appear  to  be  so  perfectly  combined  as  if  they  had 
been  mixed  in  the  paint.  The  flight  of  a  rocket, 
or  of  a  lighted  bomb-shell,  is  perceived  along  its 
whole  ti-ack  at  once.  The  objects  on  the  em- 
bankment appear,  to  the  rapidly  moving  railway 
passengers,  lengthened  out  into  long  lines.  All 
such  cases,  while  they  are  easily  understood,  show 
at  the  same  time  the  confusion  of  appearances 
which  might  arise  from  this  peculiarity  of  the  eye 
and  the  necessity  for  guarding  against  its  undue 
extension  in  the  construction  of  the  organ. 

Several  philosophical  toys  are  based  upon  the 
persistence  of  ocular  images.  The  Thaumatrope, 
or  the  wonder-turner,  consists  of  a  piece  of  card 
board,  on  one  side  of  which  is  painted  part  of 
any  figure  or  figures,  what  is  necessary  to  com- 
plete the  figure  being  painted  on  the  opposite 
side,  so  that  when  the  card  remains  at  rest,  only 
part  of  the  figure  can  be  seen  at  a  time ;  but  if 
it  be  suspended  by  a,  thread,  and  whirled  rapidly 


round,  both  sides  will  be  seen  at  once,  and  tlio 
picture  will  appear  complete — The  Phenakistc- 
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cope  consists  of  a  piece  of  card  board  ten  or  twelve 
inches  in  diameter,  Avith  slits  cut  in  its  circum- 
ference about  half-an-incli  broad  and  one  iucli 
deep.  In  the  intervals  between  these  slits  are 
painted  the  successive  positions  of  a  figure  sup- 
posed to  be  in  motion.  When  the  card  is  placed 
before  a  mirror,  and  while  the  eye  is  placed  be- 
hind tlie  slits,  it  is  rapidly  whirled  round  on  a 
pivot  at  its  centre.  The  images  of  the  figure  in 
successive  positions  come  upon  the  retina  so  that 
the  one  appears  just  as  the  other  vanishes, — the 
figure  seems  actually  to  change  its  position  by 
an  act  of  animatefl  motion,  so  as  in  no  small 
degree  to  imitate  the  appearance  of  a  living 
object. — The  following  curious  experiment  also 
finds  its  ex]3lanation  in  the  principle  of  persist- 
ence. A  wheel,  which  may  be  a  disc  of  paste- 
board, with  straiglit  radial  lines  drawn  on  it  as 
in  fig.  2,  or  any  kind  of  spoked  wheel,  is  made 
to  revolve,  and  wliile  it  is  in  motion  a  straight 
barred  grating  which  may  be  such  as  in  fig.  3, 
or  the  fingers  of  the  hand  slightly  separated,  is 
interposed  between  the  eye  and  the  disc.  As 
long  as  the  grating  is  kept  at  rest  the  rays  ap- 
pear straight,  but 
when  it  is  moved  in 
a  direction  transverse 
to  the  bars  the  rays 
appear  cm-ved  as  in 
fig.  4.  When  the 
motion  of  the  grat- 
ing is  reversed,  the 
curves  take  an  op- 
posite curvature  as 
at  fig.  5  In  en- 
deavouring to  ascer- 
tain the  cause  of  this 
curious  appearance,  it  soon  becomes  obvious  that, 


Fis.  o. 

while  the  grating  moves  uniformly  in  all  the 

Icngtli  of  its  bars,  the 
"\  rays  of  the  ^vheel,  on 
the  contrary,  move 
more  and  more  ra- 
pidly as  the  distance 
from  the  centre  in- 
creases, so  that  wliile 
tlic  vertical  ray  o  a, 
fig.  6,  starts  from  a 
and  passes  over  the 
arc  A  B,  tlic  bar  a  a' 
only  reaches  b  b', 
and  now  cuts  llie  ray 
in  the  position  of  the  first  dot.     Again,  wlicn 
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tlie  ray  goes  over  an  equal  angle  and  is  at  c, 
the  bar  is  at  c  C.  and  cuts  tlic  ray  in  the  second 
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position  marked,  and  so  on.  Now,  by  the  per- 
sistence of  the  images  on  tlie  retina,  these  suc- 
cessive positions  of 
intersection  are  all 
perceived  at  once  and 
constitute  the  curve. 
— That  this  is  the 
true  explanation  can 
easily  be  proved  ma- 
thematically by  in- 
vestigating the  pro- 
perties of  a  curve 
which  would  be 
formed  by  the  inter- 
section of  such  an 
advancing  line  and  a  revolving  radius,  and  then 
examining  its  properties,  or  constructing  it  by 
points,  and  observing  that  it  is  the  same  as  the 
one  alluded  to.  The  polar  equation  of  such  a 
curve  is  easily  proved  to  be 

^         V  6 

—   : — /) 

w  sin  " 

wliere  !•  is  the  radius  vector  referred  to  the 
centre  as  origin,  v  the  velocity  of  the  advancing 
bars,  to  the  angular 
velocity  of  the  re- 
volving ray,  and  i 
the  angle  which  the 
radius  vector  makes 
with  some  fixed  line 
of  reference,  in  this 
case  the  vertical.  It 
will  be  seen  at  once 
that  for  6  =  ISO^" 
the  value  of  1'  is  in- 
finite, so  that  the 
downward  branches 
in  figure  3  would  ex- 
tend infinitely  downward  without  ever  meeting 
the  vertical  again,  if  the  bars  and  rays  were  Ion;: 
enough.  If  instead  of  a  series  of  straight  bars, 
another  wheel  be  interposed  "between  the  eye  and 
the  revolving  rays,  other  curious  curves  are  per- 
ceived when  it  is  set  in  motion,  forming  a  si>i- 
gular  spectacle  when  thro\ra  on  a  screen  bv 
means  of  a  magic  lantcni,  and  affording  ample 
scope  for  mathematical  research. 

Recently,  Mr.  Rose  of  Glasgow  has  made  a 
very  important  and  ingenious  addition  to  tli 
means  of  illustrating  persistence.  ■  His  method 
consists  in  the  employment  of  an  apparatus  for 
tlirowing  flashes  of  liglit,  at  regular  and  short 
intervals,  on  revolving  discs  placed  vertically  in 
front  of  the  source  of  illumination.  The  discs 
may  be  made  of  large  size,  and  wiili  the  illus- 
tiaiions  used  in  the  thaumatrope  depicted  on 
them.  AVhcn  they  are  put  into  rapid  rotation 
in  ordinary  light,  the  usual  appearance  of  con- 
fusion or  blending  of  the  revolving  figures  lakes, 
place;  but  if  the  apai'tment  be  darkened,  and  by. 
means  of  slits  in  a  disc  placed  at  the  aperture  hyi 
which  liglit  is  admitted  to  the  revolving  figure, | 
flashe.<!,  rapidly  succeeding  each  other  with  inter 
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•f  of  darkness,  be  thrown  on  it,  all  the  appear- 
ees  exhibited  by  the  thaumatrope  may  be  shown 
:i  large  audience.    The  sunlight  might  be  used 
!■  this  purpose,  when  admitted  through  the  con- 
:  sing  lenses  of  a  solar  microscope ;  or  the  magic 
;ern  may  be  employed  to  throw  artificial  light 
the  revolving  figure.    The  disc,  having  the 
its  cut  in  its  circumference,  being  placed  in 
1  lit  of,  and  close  to  the  object-lens  of  the  lan- 
in,  it  is  put  into  rotation  with  greater  or  less 
.pidity,  till  the  flashes  of  light  reach  the  revolv- 
;g  thaumatrope  figure  in  such  numbers  as  to 
ivelop  the  deshed  eiFect.    It  is  easy  thus  to 
.khibit  a  rapidly  revolving  wheel  as  if  it  were  at 
rtrfect  rest,  and,  as  has  been  said,  to  produce  on  a 
rsrge  scale  all  the  other  effects  of  the  thaumatrope. 
S  Still  more  recently,  Mr.  Edmund  Hunt  has 
hiibited  the  effects  of  persistence  under  another 
rnijby  means  of  what  has  been  called  the  colour 
9.    This  top  consists  of  a  metallic  disc,  fitted 
th  a  spindle  projecting  from  its  centre  on  both 
fiea — one  end  forming  the  point  on  which  it 
■jns,  and  the  other  the  means  by  which  it  is  set 
Ao  rapid  rotation,  by  the  unwinding  of  a  cord, 
M  in  the  common  top.    Discs,  with  radial  bars  of 
Sferent  colours,  are  fixed  by  a  binding  nut  on  the 
pper  side  of  the  top;  and  after  it  is  in  motion, 
■xither  disc,  having  a  central  aperture  rather 
:3ger  than  the  spindle  of  the  top,  is  allowed  to 
ide  down  on  this  spindle.    This  latter  disc  is  so 
Histructed  as  to  have  little  weight,  that  it  may 
n  retarded  in  its  rotation  to  some  extent  by  the 
Ionosphere.    It  is  blackened,  and  has  apertures 
;  different  forms  cut  in  it,  so  as  to  exhibit  the 
ioured  disc  revolving  beneath.    Great  variety 
1  be  given  to  the  forms  of  the  coloured  spaces 
:.  the  under  disc,  and  also  to  the  apertures  or 
sis  in  the  upper  disc ;  and  by  this  means  many 
lantiful  effects  of  graduated  and  continually 
langing  colours  are  produced,  constituting  a  most 
nractive  as  well  as  instructive  optical  exhibition. 
PPcrspcctiFC.    The  object  of  perspective  is  to 
ikike  such  a  representation  of  an  object  upon  a 
•"rface  as  shall  present  to  the  eye,  situated  at  a 
fticular  point,  the  same  appearance  that  the  ob- 
:t  itself  would  present  were  the  surface  removed. 
Perspective  consists  of  two  parts: — First,  the 
;urate  delineation  of  the  principal  lines  of  the 
■ture;  and  second,  the  shading  and  colouring 
the  picture  so  as  to  produce  the  desired  effect 
listancc,  &c.   The  first  part,  called  linear  per- 
ctive,  Ls  purely  mathematical,  and  this  part 
y  will  be  considered.    Perspective  drawings 
y  be  made  upon  any  surface,  but  wo  shall 
y  consider  them  made  upon  a  plane.  The 
ne  upon  which  the  representation  is  made  is 
'ed  the  perspective  plane,  and  is  g.nerally  sup- 
'ed  to  be  vertical.    The  point  at  whidi  the  eye 
upposed  to  be  situated  is  called  the  point  of 
It-  All  that  part  of  space  situated  on  the  same 
•■  of  the  perspective  plane  with  the  eye,  is  said 
'e  in  front  of  the  perspective  plane;  all  on  the 
2rside  is  said  to  be  beliind  the  perspective  plane. 
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— A  visualray  is  any  straight  line  passing  throngli 
the  point  of  sight.   A  visual  plane  is  a  plane  pass- 
ing through  the  point  of  sight.    A  visual  cone  is 
a  cone  whose  vortex  is  at  the  point  of  sight. — 
The  perspective  of  a  point  is  the  point  in  which 
a  visual  ray  through  the  point  pierces  the  per- 
spective plane.    If  the  given  point  and  its  per- 
spective are  on  the  same  side  of  the  eye  the  per- 
spective is  said  to  be  real,  if  on  opposite  sides  it 
is  virtual. — The  perspective  of  a  straight  line  is 
the  intersection  of  the  perspective  plane  with 
the  visual  plane  passing  through  the  line. — 
The  perspective  of  a  curved  line  is  the  inter- 
section of  the  perspective  plane  with  the  visual 
cone  passing  through  the  line. — The  outline  of 
the  perspective  of  any  body,  is  the  intersec- 
tion of  the  perspective  plane  with  the  enveloping 
visual  cone;  the  line  of  contact  of  this  envelop- 
ing cone  with  the  body,  is  called  the  apparent 
contour  of  the  bodj'.     The  term  cone  is  here 
used  in  its  most  enlarged  sense.    It  may  some- 
times happen  that  the  enveloping  visual  sur- 
face may  be  pyramidal,  as  is  the  case  in  finding 
the  perspective  of  a  cube,  or  other  polyhedron,  or 
it  may  be  composed  of  both  conical  and  pyra- 
midal surfaces ;  aU  of  these  surfaces  come  under 
the  general  denomination  of  conical  surfaces. — 
The  perspective  of  a  body  is  generally  obtained 
by  finding  the  perspective  of  the  principal  lines 
of  the  body,  embracing  all  those  included  within 
the  apparent  contour.    The  perspective  of  any 
point  of  a  body  may  be  found  by  drawing  a  visual 
ray  through  it,  and  determining  the  point  in  which 
it  pierces  the  perspective  plane.    This  operation 
is  tedious,  and  to  shorten  the  process,  other  methods 
have  been  devised,  the  best  of  which  is  that  of 
diagonals  and  perpendiculars.     The  following 
definitions  of  terms  are  given  as  necessary  to 

a  complete  understanding  of  the  method:  

A  perpendicular  is  a  straight  line  perpendicular 
to  the  perspective  plane.    A  diagonal  is  a  hori- 
zontal line  making  an  angle  of  45°  with  tbe 
perspective  plane.    Through  any  pomt  in  space 
one  perpendicular  and  two  diagonals  can  always 
be  drawn. — The  centre  af  the  picture  is  the  point 
in  which  the  perpendicular,  through  the  point 
of  sight,  pierces  the  perspective  plane.  The  hori- 
zon is  the  intersection  of  the  perspective  plane 
with  a  horizontal  visual  plane.  It  passes  through 
the  centre  of  the  picture  and  is  hoiizontal.— 
The  vanishing  point  of  a  line  is  tlie  point  in 
which  a  line  drawn  parallel  to  it,  through  the 
point  of  sight,  pierces  the  perspective  plane. 
Everjr  system  of  parallel  lines  has  the  same 
vanishing  point,  ivhich  is  a  point  common  to  the 
perspectives  of  all  the  lines  of  tiie  system.  1"lie 
centre  of  the  picture  is  the  vanishing  point  of  all 
perpendiculars.    If  a  line  is  parallel  to  the  per- 
spective plane,  its  vanishing  point  is  at  an  infinite 
distance.    The  vanishing  points  of  diagonals  are 
the  points  in  which  the  diagonals,  through  the 
point  of  sight,  pierce  the  perspective  plane.  They 
are  in  tbe  horizon  of  the  picture  and  at  distances 
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from  the  centre  of  the  picture  equal  to  the  distance 
from  the  point  of  sight  to  the  perspective  plane. 
— Magnitudes,  to  be  put  in  perspective,  are  given 
by  their  projections,  or  by  their  distances  above  a 
horizontal  visual  plane,  and  from  the  perspective 
plane.  To  find  the  perspective  of  any  point  draw 
any  two  lines  through  the  point,  and  find  their 
perspectives;  their  point  of  intersection  is  the  per- 
spective required.  The  most  convenient  auxiliary 
lines  are  the  jierpendicular  and  a  diagonal  through 
the  point  To  find  the  perspective  of  the  per- 
pendicular, find  the  point  where  it  pierces  the 
perspective  plane,  and  join  it  by  a  straight  line 
with  the  centre  of  the  picture;  this  will  be  the  per- 
spective.— To  find  the  perspective  of  a  diagonal, 
find  the  point  where  the  diagonal  pierces  the 
perspective  plane,  and  join  it  by  a  straight  line 
with  the  proper  vanishing  point  of  diagonals; 
this  will  be  the  perspective  of  the  diagonal. — 
To  ascertain  the  proper  vanishing  point  of  any 
diagonal,  conceive  it  produced  till  a  part  of  the 
diagonal  comes  in  front  of  the  perspective  plane, 
then  if  this  line  inclines  to  the  right,  it  vanishes 
at  the  right  hand  vanishing  point  of  diagonal, 
otherwise  it  vanishes  at  the  left  hand  one. — 
The  vanishing  point  of  rays  is  the  point  in 
which  a  ray  of  light,  through  the  point  of  sight, 
pierces  the  perspective  plane;  the  vanishing  point 
of  horizontal  projections  is  the  point  in  which  the 
projection  of  the  same  ray  on  the  horizontal  plane 
through  the  point  of  sight  intersects  the  horizon 
of  the  picture.  These  two  points  are  in  the 
same  straight  line,  perpendicular  to  the  horizon. 
When  the  former  is  assumed  or  given,  the  latter 
can  be  found  by  drawing  through  it  a  straight 
line  perpendicular  to  the  horizon,  and  finding 
the  point  in  which  it  intersects  the  horizon. — 
The  shadow  which  any  point  casts  upon  any 
surface,  lies  upon  the  ray  of  light,  and  upon  the 
projection  of  that  ray  upon  the  surface.  Hence, 
to  tind  the  perspective  of  the  shadow  cast  by  any 
point  upon  a  horizontal  plane,  find  the  perspec- 
tive of  the  projection  of  the  point  upon  the  plane, 
and  join  it  by  a  straight  line  with  the  vanishing 
point  of  horizontal  projections  of  rays,  join  the 
perspective  of  the  point  with  the  vanishing  point 
of  rays ;  the  point  in  which  these  two  lines  inter- 
sect is  the  perspective  required.  These  principles 
are  enough  to  find  the  perspective  of  all  bodies, 
and  the  perspective  of  tiieir  shadows;  but 
certain  constructions,  in  particular  cases,  serve 
to  facilitate  the  operations  of  finding  the  per- 
spectives of  bodies  and  of  their  shadows.— 
The  principles  of  mathematical  perspective  arc 
intimatelv  connected  with  the  arts  of  design,  and 
a  knowledge  of  tlieir  application  is  indispensable 
to  the  architect,  the  engraver,  and  the  skilful 
mechanic.  The  practice  of  perspective  is  parti- 
cularly necessary  to  the  painter  and  the  sculptor. 
Perspective  alone  enables  us  to  represent  fore- 
.•jhortenings  with  accurac}',  and  its  aid  is  required 
in  the  accurate  delineation  of  even  the  simplest 
of  natural  objects. 
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Perturbations.    Under  Gravitation  and 
Kepler's  Laws,  those  conditions  have  been 
explained,  to  wliich  one  celestial  body  mov- 
ing around  another  must  be  subject ;  and  in 
Lunar  Theory,  a  detailed  exposition  is  given 
of  the  leading  changes  impressed  on  these  con- 
ditions, in  case  of  the  presence  of  a  third  or 
disturbing  body  unequally  aflfecting  the  two  con- 
stituents of  a  double  system.    This  latter,  or  the 
material  of  the  celebrated  problem  of  the  Three 
Bodies,  may  serve  as  an  introduction  to  the  general 
problem  of  Planetary  Perturbations — a  problem 
of  the  greatest  complicacy,  and  presenting  diffi- 
culties so  great^  that  we  are  fain  to  reach  numeri- 
cal and  practical  results  by  way  of  approximation. 
If  the  reader  picture  to  himself  the  solar  system 
as  it  is — composed  of  so  many  orbs  ever  shifting 
their  relative  distances  and  positions — and  if  he 
recollects  at  the  same  time  that  every  one  of 
these  bodies  is  at  every  moment  acting  upon 
every  other  with  a  force  varying  with  changes 
of  distance  and  position,  he  will  conceive  verA- 
readily  how  arduous  the  task  to  estimate  all 
these  influences,  and  so  to  follow  the  course  of 
any  one  planet  through  its  complex  path !  It 
is  a  fortunate  circumstance — that  indeed,  which 
alone  renders  the  problem  resolvable  under  our 
present  analj'tic  means — that  the  mass  of  the 
Sun  so  enonnously  exceeds  that  of  any  planetary' 
orb.    The  influence  of  the  grand  centre  of  the 
system  on  each  planet,  on  this  account  so  greatly 
transcends  the  influences  (always  conflicting)  of 
its  companion  planets,  that  in  the  main  ou 
Luminary  is  stW  the  controller  of  every  orbi 
It  is  allowed  us  therefore  to  represent  the  per- 
turbations as  slight  deviations  only  firom  Kep 
ler's  Laws  ;  and  still  to  assume  these  laws  as  th 
normal  conditions  of  every  body's  course.  Thi 
problem  of  perturbations  then  takes  the  foUowin; 
shape : — the  normal  orbit  and  habitudes  of  ev 
planet  are  known,  how  can  we  best  determim 
the  small  deviations  from  these?     Even  aftei 
this  simplification,  however,  enough  of  difficult)] 
remains ;  and  to  overcome  it  we  must  resort  t 
artifices  or  conventions.    The  fundamental  con' 
ception  adopted  almost  universally  by  geometei 
is  termed  the  Variation  of  the  Elemems.  Th 
meaning  of  the  phrase  being  as  follows: — A 
ellipse  is  determined  by  a  few  data,  termed  ii 
elements.  Now,  a  planet  having,  as  stated  abov( 
to  move  in  an  ellipse  according  to  Kepler's  Law^ 
every  element  of  that  ellipise  is  imagined  in  a  stw 
of  slow  but  perpetual  flux ;  so  that  the  ellipse  i| 
which  the  earth  is  moving  at  the  present  momi 
exists  for  the  present  moment  only ;  at  the  nej 
moment  theelements  having  been  altered,  throug 
eftect  of  perturbations,  the  ellipse  constituting  " 
orbit  will  have  altered  also.   The  problem  is  thii 
transformed  into  the  following — in  what  mannel 
or  according  to  what  law,  are  these  elemcn 
constrained  to  vary  through  the  said  effect 
perturbations?    By  this  convention,  the  inquit 
appears  put  into  an  intelligible  and  seemingi 
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■managoftble  form.    But  now  the  analytical  tlif 
■iiculties  begin.     It  is  impossible  to  present  at 
once  and  completely  the  law  of  the  variations  of 
the  elements  for  any  one  planet.    Just  as  illus- 
trated in  the  case  of  the  Lunar  Theory,  this  is 
iiccoraplished  only  by  a  summation  of  separate 
changes  or  details,  —now  the  effect  of  one  class  of 
^pcrturbations  being  estimated,  and  now  another  ; 
mad  the  separate  and  special  values  are  arranged 
■in  separate  tables.     It  were  vain  to  attempt 
to  enter  farther  on  this  portion  of  the  subject. 
The  student  must  apply  to  the  works  of  Pon- 
:ecoulant,  of  Air_v,  and  of  Hansen:  among 
separate  memoirs,  we  would  specify  those  of 
Encke,  especially  his  recent  important  and  very 
xmious  one,  on  the  perturbations  of  the  Asteroids. 
—There  are  two  classes  of  perturbations,  whose 
difference  is  well  marked— the  Periodical  and 
ihe  Secular.    The  first  and  simplest  class  corn- 
irises  the  effects  produced  on  any  planet  by  its 
companion  orbs,  in  so  far  as  these  depend  on 
:heir  directions  with  regard  to  it,  and  of  course 
•-■n  their  magnitudes   and  average  distances, 
fow,  as  the  relative  directions  of  any  two  orbs 
i/ill  always  recur  within  a  comparatively  short 
ime,  and,  after  recurring,  again  pass  through  all 
li^eir  variations,  this  class  is  called  as  above,  the 
"eriodic  Inequalities.     Their  periods,  generally 
rpeaking,  are  not  long,  and  their  general  effect  is 
iightly  to  accelerate  or  retard  a  planet  in  its 
Tbit.    The  second  class  again  takes  into  account 
ne  iKCuliarities  of  the  paths  in  which  the  dis- 
nrbed  and  disturbing  bodies  are  moving,  pe- 
libliarities  which  immensely  prolong  the  cycle 
' '  variations,  and  which  may  even  be  conceived 
h  >  postpone  the  period  of  the  recurrence  of  ex- 
Ktly  the  same  relations,  for  centuries.    These  as 
_  oove  are  termed  the  Secular  Inequalities.  Nor 
^'•e  the  changes  they  produce  less  complex  than 
^  •olonged.    Instead  of  the  mere  acceleration  or 
<^tardation  of  a  planet  in  its  orbit,  they  bring 
Hrfore  the  mind's  eye,  our  system  slowly  chang- 
i-g  in  every  element;  orbits" enlarging  and  again 
■ntracting;  paths  almost  circular  gradually  flat- 
ning  into  well  marked  ovals,  and  those  that 
-ere  most  elliptical  verging  towards  circles;  the 
isitions  of  the  ovals  changing  with  regard  to 
'  e  sun  and  to  each  other,  i.e.,  their  perihelia 
iftmg  necessarily  and  determinately  through 
ace;   the  inclination  of  the   planes  of  the 
Ijits  to  the  plane  of  the  sun's  equator  under- 
■ng  change ;  and  the  directions  in  which  these 
ines  lie,  also  subject  to  the  same  singular  re- 
•ution  of  the  nodes  which  enters  as  so  essential 
element  in  the  theory  of  the  eclipses  of  the 
'>on.    Surely  when  one  gazes  on  a  scene  so  in- 
cate  and  so  restless,  astonishment  will  not  be 
perienced  that  the  innnortal  Newton,  when 
necessity  of  their  incessant  mutations  first 
Peared  to  liiin,  gave  way  for  a  moment  to 
!  ilread  that  through  effect  of  what  seemed 
endless  and  ever-augmenting  confusion,  the 
ler  ot  our  gieat  system  might  one  day  come 
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'  to  a  dose,  and  require,  to  restore  it.  Ibn  in- 
tervention of  the  Creative  hand!     But  as  ia 
ever  the  case,  our  discovery  of  this  apparent 
confusion  has  only  led  to  the  perception  of  a 
loftier  and  nobler  simp]icit_v.    This  is  manifested 
by  the  following  two  general  propositions  with 
which  we  close  this  notice: —I.    The  Law  of 
Areas  as  stated  by  Kepler,  if  disturbed  with 
regard  to  every  single  planet,  holds  most  accu- 
rately with  regard  to  the  aggregate  motions  of 
the  System  projected  on  any  plane;  and  this 
has  further  led  to  the  discovery  of  that  c/reat 
equa.tor  plane,  whose  changes,  innumerable  cen- 
turies hence,  will  record  in  a  literature  intelligible 
by  all  the  universe,  every  momentous  phase  in 
the  destiny  of  our  system.    The  nature  of  this 
extension  of  Kepler's  Law,  and  the  character  of 
the  g!-eat  Equator  Plane  have  been  already  de- 
tailed under  Areas.— IL  But  notwithstand- 
ing this  permanence  of  the  Law  of  Areas  for 
the  entu-e  system,  might  not  indi\ddual  planet 
come,  in  the  course  of  ages,  to  coalesce  with  in- 
dividual planet,  through  the  accumulated  effect 
of  separate  but  incessant  changes ;  or,  at  the  very 
least,  might  not  the  orbits  of  the  different  globes 
undergo  such  enlargement  or  diminution  as  would 
utterly  destroy  their  existing  adaptation  to  'he 
organisms  and  vitality  on  their  surfaces  ?  This 
question  has  been  answered  and  uneasiness  all 
dispeUed.    Under  Nebular  Hypothesis,  we 
have  spoken  of  certain  constituent  elements  of 
our  planetary  scheme,  as  for  instance,  the  facts 
that  the  Earth  and  its  companions  move  in 
orbits  of  but  small  eccentricity,  or  almost  in 
circles,  that  the  incUnation  of  the  planes  of  their 
orbits  are  small,  and  that  they  revolve  around  our 
Luminary  in  one  uniform  direction.   Now  it  ap- 
peared to  Lagrange  (a  defect  in  whose  process 
has  since  been  supplied  by  Poisson)  that  the 
existence  of  such  primal  aiTangements,  impresses 
upon  the  effects  of  perturbation  a  condition, 
which,  m  the  happy  phrase  of  Su-  John  Herschel, 
may  well  be  termed  the  Magna  Ciiarta  of  our 
system.    Subjecting  the  entire  question,  talten 
m  Its  highest  generality,  to  treatment  by  his 
masterly  and  most  penetrating  analysis,  La- 
grange discovered  that  all  changes  of  the  es- 
sential elements  of  any  orbit  which  can  arise 
from  perturbations,  must  be  periodical.  The 
major  axes  of  the  orbits,  for  instance,  can  neither 
increase  nor  decrease  indefinitely;  nay,  their 
variations  are  confined  as  if  by  ordinance  witliin 
the  narrowest  limits.    But  upon  the  size  of  the 
major  axis  the  period  of  revolution  depends  ;  so 
that  we  are  entitled  to  conclude  that,  through 
effect  of  disturbing  agencies,  no  orb  can  ever  bo 
witlidrawn  by  more  than  a  quantity  nearly  un- 
important from  its  normal  iiosition  iii  reference  to 
tlie  sun,  and  that  its  cardinal  period,  or  its  yisar. 
must  tlirough  the  long  succession  of  ages  abitle 
nearly  as  it  is.    It  is  surely  worthy  of  higliest  ad- 
miration, this  simplicity  amid  so  much  that 
seems  complex,  this  assured  stability,  with  so 
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many  varying  causes  around  threatening  dis- 
aster! Nay,  our  feelings  much  transcend  mere 
admiration — they  belong  rather  to  that  state  of 
mind  which  leads  one  to  adore! 

E:*iiaroM,  or  Xii^jhthousc. — We  owe  mainly 
to  the  illustrious  Fresnel  the  best  and  most 
practicable  idea  of  the  mode  of  constructing  lenses 
that  will  throw  an  artificial  light  to  a  very  great 
cUstance,  and  so  enable  mariners  to  discern  their 
precise  position  amid  the  rocks  and  shoals  of 
the  coast.  The  figure  below  represents  an  an- 
nular lens  cut  through  the  middle ;  it  is  com- 
posed of  the  segment  of  a  sphere  a,  around  which 
several  rings  6,  c,  d  are  placed — a  section  of 
■which  is  seen  as  under  6',  c',  d'. — The  curve  of 


these  rings  is  so  calculated  that  each  of  them  have 
the  same  focus  J'  as  the  seguaent  a  has,  so  that  if 
a  light  be  placed  at  f,  the  whole  rays  falling 
from  it  on  the  lens  shall  fonn  a  set  of  rays 
nearly  parallel : — they  would  be  rigorously  par- 
allel if  the  source  of  light  were  a  simple  point, 
and  therefore  exactly  in  the  focus  f.  The  en- 
feebling of  the  intensity  of  the  transmitted  light 
being  simply  due  to  the  divergence  of  the  trans- 
mitted rays,  it  follows  from  the  slight  amount  of 
divergence  under  such  arrangements,  that  the 
luminous  beams  may  thus  be  thrown,  nearly  un- 
impaired, through  great  distances. —  It  is  by  this 
principle,  and  by  varying  the  forms  of  the  refring- 
ent  glasses,  that  Fresnel  has  founded  that  new 
system  of  lighthouses  now  accepted  by  the  chief 
maritime  powers  of  Eui  opo.  By  adding  a  motion 
of  rotation,  the  Pharos  may  be  made  to  present 
momentary  eclipses,  or  a  succession  of  coloured 
lights. — On  this  subject  we  refer  also  to  Mr. 
Steplienson's  Memoir  on  Kata-dioptric  lights; 
nor  do  his  contrivances  stand  alone.  There  is  a 
line  and  most  effective  lighthouse  in  the  small 
Scottisli  harbour  of  Kirkaldy,  due  to  one  of  our 
best  and  most  ingenious  Inquirers  and  Engineers 
— Islr.  Edward  Sang. 

PhciiakiKito.'Sicopc.  An  interesting  toy  de- 
vised by  M.  Plateau,  and  depending  on  the  prin- 
ciple of  the  persktencji  of  impressions.  Its 
structure  is  well  known,  as  also  the  singular 
elfccts  produced  by  it ;  such  as  the  representa- 
tion of  actual  motions— leaping,  flying,  &c. 

JPhocL-n.    One  of  the  Asteroids.    For  ele- 


ments, «S:C.,  see  ASTEUOIDS. 


PlKEiiix.  One  of  Bayer's  southern  constel- 
lations it  is  close  to  Acliernar,  the  bright  star 
iu  Eridanus,  though  farther  from  the  south  pole. 
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The  star  «  Phcenicis  is  of  the  second  magnitude; 
y  Phcenicis  of  the  third,  and  /3  Phcenicis  be- 
tween the  third  and  fourth. 

Pliotogi-aphy,  or  Light  "Writing,  as  the  word 
literally  impUes,  must  be  reckoned  one  of  the  most 
admirable  discoveries  of  the  present  age.  It  is 
wholly  of  recent  origin,  and  can  be  traced  to  some 
accidental  observations  of  Sir  Humphrey  Davy 
and  M.  Daguerre,  on  the  blackening  of  salts  of 
silver,  as  is  familiarly  seen  in  the.case  of  marking 
ink,  as  it  is  called,  or  the  liquid  used  for  perma- 
nently writing  on  linen  or  cotton  cloth.  The 
superiority  of  this  species  of  delineation  over  all 
others,  is  its  absolute  fidelity  as  contradistinguished 
from  the  work  of  even  the  most  accomplished  and 
accurate  artist  who,  notmthstanding  all  his  efforts 
to  the  contrary,  yet  invariably  impresses  his  pic- 
tures with  the  mannerism  which  distinguishes  his 
style,  as  is  proved  by  the  fact  that  they  are  easily 
recognized  as  his  the  instant  they  are  seen.  Thus, 
there  is  about  photograplis  a  certain  degree  of 
reliable  veracity  which  give  them,  in  many  in- 
stances, incalculable  value.  The  artist  uncon- 
sciously selects,  conceals,  flatters,  or  ostentatiously 
displays ;  but  the  faithful  eye  of  the  camera  re- 
cords all  alike,  omitting  no  accessary  or  detail 
however  apparently  worthless,  and  thus  such 
pictures  are  like  nature  itself,  capable  of  being 
relished  by  all  classes  of  mind,  each  seemg  in  them 
what  it  looks  for,  fearless  of  deceit.  Already 
photography  has  been  turned  to  a  multiplicity  of 
uses,  in  supplymg  faithful  records  of  the  human 
face  and  figure,  obtainable  -ftnthout  labour,  and, 
it  may  be  said,  almost  wthout  cost.  What 
would  we  not  give  for  such  exponents  of  the 
living  features  of  the  great  and  noble  of  past 
ages,  or  of  the  chief  actors  in  events  which  his- 
tory has  rendered  sacred  ?  In  affording  perfect  re- 
presentations of  all  the  most  remarkable  buildings 
and  passages  of  natural  scenerj',  photography  has 
already,  to  a  great  extent,  supplied  to  those,  to 
whom  extensive  travelling  is  impossible,  the 
means  of  enjoying  at  least  one  of  its  many 
advantages  and' gratifications ;  and  ere  long  there 
is  little  doubt  but  that,  so  to  speak,  without  the 
toil  of  travel,  but  merely  by  peering  through  the 
ubiquitous  eye  of  the  camera,  it  will  be  possible 
to  view  the  natural  and  artificial  productions  of 
every  climate  of  the  globe,  whether  by  sea  or 
land,  and  this  with  a  degree  of  vividness  and 
accuracy  which,  in  no  period  of  the  worlds  history, 
would  till  now  have  been  by  i)ossibility  attain- 
able. Already  photography,  in  procuring  accurate 
details  and  materials  for  his  studies,  has  dom 
great  things  for  tlie  sculptor  and  for  the  ])aintcr. 
It  registers  by  night  and  day  to  the  meteorologist 
the  minutest' movements  of  all  his  instruments. 
The  Astronomer  is  now  enlisting  it  in  his  service. 
It  is  the  willing  slave  of  the  Police,  and,  greatest  i 
cf  all,  it  promises  m  affording  endless  means  of; 
illustration  to  the  Lecturer  and  the  Schoolmaster, 
to  be  a  most  powerful  assistant  in  the  great  work 
of  education.    It  is  scarcely,  then,  too  much  to 
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assy,  that  its  practice  must  become  all  but  uni- 
'versal,  and  that  every  improvement  in  its  pro- 
icesses  is  of  public  importance. 

Recently  it  has  been  discovered,  that  many  sub- 
tffltances  besides  silver  are  sensitive  to  the  action  of 
liiight,  and,  mdeed,  that  there  are  few  kinds  of  mat- 
trter  which  are  not  acted  on  by  it,  although,  in  most 
iaastances,  not  with  sufficient  rapidity  to  render 
:tthem  eligible  as  photographic  agents.    As  might 
rfrom  this  be  expected,  photographic  processes  are 
iMready  numerous,  and,  fully  to  describe  them, 
»  would  reqiure  a  considerable  volume. — Under  the 
laeads  Collodion,  Calotype,  and  Daguekee- 
)DTYPE,  will  be  found  descriptions  of  some  of  the 
Most  useful  modifications.  Here,  all  that  will  be 
(done  is  to  describe  two  processes  not  there  alluded 
lU),  which  are  yet,  from  their  applicability  to  land- 
Gcape  delineation,  the  portability  of  the  materials, 
innd  the  ease  and  certainty  with  which  a  traveller 
aan  by  these  means  obtain  what  are  called  nega- 
i uve  pictures  of  whatever  he  desires  on  his  route, 
xxceedingly  valuable  and  interesting.   The  most 
important  photographic  processes   at  present 
mown  agree  in  this,  that  they  all  consist 
S£Bsentially  in  four  steps,  1st,  the  preparation  of 
fcie  sensitive  surface ;  2d,  the  exposure  of  that 
mrface  to  the  image  formed  by  the  lenses  of  the 
lamera  obscura ;  3d,  the  development  or  bring 
lag  out,  by  some  chemical  means,  of  the  latent 
anage;  and,  lastly,  the  fixing  of  the  image  so  as 
)  0  render  it  no  longer  liable  to  be  afiected  by  light, 
nod,  at  the  same  time,  protecting  it  from  the  in- 
■nrious  action  of  the  air  and  other  foreign  agents. 
:hin  films  of  some  of  the  more  sensitive  salts  of 
Iver,  such  as  the  chloride,  bromide,  or  iodide, 
nread  on  paper,  or,  by  means  of  some  vehicle  on 
lalass  plates,  constitute,  along  with  the  pure  silver 
aiate  of  the  daguerreotype,  the  chief  modifications 
■  sensitive  surface  at  present  employed.  The 
ifference  between  these  processes  consists  in  the 
i.iriou3  degrees  of  rapidity  with  which  the  expo- 
iru-e  in  the  camera  can  be  completed,  and  the  fact 
i«iat  some  of  them,  such  as  the  collodion  process 
iiiid  the  daguerreotj-pe,  give  what  are  called  posi- 
i«'e  or  complete  pictures  at  once,  in  which  the 
-  ?hts  and  shades  appear  as  in  nature, — whereas 
e  calotj-pe,  and  the  two  other  processes  about 
be  described,  are  slow  in  their  operation,  pro- 
ice  negative  pictures,  which  therefore  require  to 
'  again  used  in  an  operation  of  printing,  whereby 
leir  lights  and  shades  are  reversed,  and  then 
•ipear  in  their  natural  aspects.    They  have, 
>wever,  tlie  great  advantage  of  simplicity  and 
ecision  in  their  details,  which  admit  of  being 
>rformcd,  all  except  the  exposure  in  the  camera 
'scura,  in  tlic  operating-room  at  home.  The 
ates  may  then  be  preserved  in  boxes,  so  as  to 
;  transported  in  a  dry  state  over  long  journeys, 
:d  for  many  weeks,  and  developed  and  finished 
'  convenience.— Tiic  simplest  of  these  negative 
odiCcations,  is  that  known  as  the  albumen  pre- 
ss, from  albumen  forming  tlie  vehicle  by  which 
e  iodide  of  silver  is  spread  and  retaiued  on  tlie 
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glass  plate.    Its  details  are  as  follows :— the 
whites  of  as  many  fresh  eggs  as  may  be  neces- 
sary are  beaten  up  in  a  basin,  with  a  glass  rod 
till  they  form  a  complete  froth,  four  grains  of 
iodide  of  ammonium  having  previously  been 
mixed  with  them  for  each  egg  used.   When  this 
froth  has  subsided  for  a  few  hours,  and  the  limpid 
albumen  has  collected  in  sufficient  quantity  at 
the  bottom,  it  is  to  be  poured  on  the  carefully 
cleaned  glass  plate,  and  spread  by  means  of  a 
feather,  till  it  covers  the  whole  surface;  after 
which,  the  plate  is  to  be  held  in  a  vertical  posi- 
tion for  half  a  minute  or  so,  to  allow  of  the 
superfluous  albumen  running  off.    It  is  then  to  be 
levelled  carefully  by  means  of  a  spirit-level,  and 
allowed  to  diy,  being  kept  free  from  dust.  The 
most  difficult  part  of  this  process  consists  in 
gettmg  the  plate  flat  and  level,  so  as  to  secure  a 
perfectly  equable  coating  of  albumen  over  the 
whole  surface,— great  care  and  the  use  of  the 
best  plate  glass  can,  however,  generally  secure 
this.    A  simpler  plan  consists  in  fixing  to  the 
back  of  the  glass  plate  a  piece  of  gutta  percha, 
to  which  is  attached  a  rounded  stick,  and  then 
having  poured  on  and  spread  the  albumen  as 
before,  to  whirl  the  plate  round  in  a  vertical 
position  before  a  pretty  strong  fire  so  rapidly  as 
to  prevent  the  liquid  running  more  to  one  ed'j-e 
than  another  duiing  the  few  seconds  occupied  in 
drying.  The  subsequent  operations  are  to  be  done 
only  by  the  light  of  a  candle.    Having  got  the 
albumen  film  properly  formed  by  either  mode, 
the  next  proceeding  is  to  render  it  sensitive  by 
immersion  for  twenty  seconds  in  a  bath  composed 
of  thu-ty  grams  of  nitrate  of  silver  and  half  a 
drachm  of  glacial  acetic  acid  to  each  ounce  of 
water.    Havmg  removed  it  from  this  bath,  it  is 
to  be  carefully  washed  in  a  stream  of  water,  and 
either  immediately  exposed  in  the  camera  or  put 
aside  in  a  dark  place  to  dry.    The  exposure  m 
the  camera  must  be  prolonged  for  at  least  half  an 
hour  even  in  a  good  light,  and  in  feeble  light,  or 
with  a  small  aperture  of  lens,  a  much  longer  time 
must  be  given,— the  great  error  being  generally 
too  short,  rather  than  too  long,  an  exposure. 
The  image  is  to  be  developed,  either  immediately 
after  exposure,  or  at  a  future  time  as  may  bes't 
suit,  by  immersing  the  plate  in  a  saturated  solu- 
tion of  common  crystallized  gallic  acid  in  water, 
to  which  four  drops  of  the  same  mixture  as  com- 
posed the  silver  bath,  is  to  be  added  for  each  ounce 
of  water.    The  gallic  acid  ought  to  be  dissolved, 
and  the  silver  added  to  it  only  before  using,  as  it 
does  not  keep  fit  for  use  in  a  state  of  solution.  In 
the  course  of  half  an  hour  or  an  hour,  the  picturo 
will  make  its  appearance  in  the  form  of  dark 
shades  where  the  lights  of  the  camera  acted  on 
the  glass,  and  generally  with  exquisite  sharpness 
and  precision.    If  the  development  is  not  suffi- 
cient, after  a  few  hours,  to  give  opacity  enough  to 
enable  the  higli  lights  to  print  well,  fresh  de- 
veloping solution  can  be  used,  and  continued  till 
tliis  result  is  obtained.    The  fixmg  process  is 
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then  to  be  gone  through,  by  first  washing  the 
plate  in  water,  and  then  immersing  it  in  a  mix- 
ture of  one  part  of  a  saturated  solution  of  hypo- 
sulphite of  soda  in  water,  with  two  more  parts 
of  water  to  render  it  weak  enough  not  to  cause 
the  lifting  of  the  film  from  the  plate,  which  is 
apt  otherwise  to  occur.  In  the  course  of  half  an 
hour,  the  milky- like  opalescence  will  be  dissolved 
out  by  means  of  the  soda,  after  which  water  is  to 
be  freely  and  repeatedly  applied,  so  as  to  remove 
completely  the  soda  from  the  film.  The  negative 
picture  is  now  complete,  and  may  be  used  for 
printing  on  paper,  as  described  in  Calotype, 
or  may  be  applied  over  another  prepared  albumen 
]ilate,  and  the  two  exposed  to  light  and  finished, 
as  has  now  been  described,  so  as  to  give  the  kind 
of  transparent  picture  now  so  much  used  as  a 
means  of  illustration  in  the  stereoscope.  The 
chief  inconvenience  of  the  albumen  process,  is  the 
great  length  of  exposure  required  in  the  camera, 
precluding  the  introduction  of  living  figures  into 
the  views  so  taken,  and  thus  giving  the  streets, 
of  even  the  most  busy  cities,  a  death-like  deser- 
tion. In  September,  1855,  M.  Taupenot  of  Paris, 
invented  a  modification  of  the  albumen  process, 
which  has  since  come  deservedly  into  esteem,  and 
is  now  known  by  his  name.  Its  advantages  are 
chiefly  in  the  facility  with  which  the  film  can  be 
formed,  the  absence  of  the  necessity  of  levelling 
the  plate  during  the  drying,  and  the  much  greater 
sensibility  it  possesses  compared  with  the  common 
albumen,  only  about  one-tenth  of  the  time  of  ex- 
posure being  necessary.  Taupenot's  process  may 
be  briefly  described  thus : — A  collodion  plate  is 
prepared  in  the  manner  stated  in  Collodion, 
till  it  is  ready  for  the  camera ;  but  instead  of 
exposing  it,  it  is  washed  well  in  water,  and  then, 
while  moist,  is  used  exactlj'  as  the  common  glass 
plate  would  be  in  the  albumen  process,  that  is, 
the  albumen  prepared  in  the  same  way,  is  poured 
over  it,  but  instead  of  being  levelled,  it  is  held 
before  a  fire  in  a  vertical  position  to  diy,  after 
which  it  is  sensitized  in  the  same  bath,  and  for 
the  same  time  as  the  albumen  plate,  and  subse- 
r|uently  treated  in  the  same  manner.  Taupenot's 
j)rocess,  as  wiU  be  at  once  obvious,  is  nothing 
more  tlian  this,  viz.,  spreading  the  albumen  film 
over  a  layer  of  collodion,  containing  iodide  of 
silver,  instead  of  over  the  bare  surface  of  the 
glass.  It  is  certain  that  the  iodide  of  silver  is 
not  in  this  case  the  sensitive  film,  as  it  may  be 
freely  exposed  to  common  da^-light  before  the 
albumen  is  applied  without  any  injury  to  the 
])icture,  and  it  is  also  all  subsequenlly  removed 
in  the  fixing  process.  Whence,  then,  comes  the 
increased  sensitiveness  ?  Taupenot  himself  sup- 
poses that  the  presence<of  the  iodide  of  silver  in 
an  active  state,  in  clo9#'proximity  to  tihe  albumen 
film,  hastens,  by  some  catalytic  action,  the  effect 
of  the  light,  but  it  seems  to  the  present  writer, 
more  likely  that  the  true  cause  consists  in  the 
fact  that  the  white  film  of  iodide  of  silver,  imme- 
diately behind  the  transparent  albumen,  reflects 


the  light  back,  and  enables  it  to  expend  itself  in 
effecting  the  chemical  change,  whereas  it  would 
have  otherwise  been  in  a  great  degree  lost  on  the 
black  surface  of  the  camera  slide. 

Plioloiucicr.  An  instrument  intended  to 
enable  the  observer  to  compare  the  intensity  of 
the  light  of  different  luminous  points.  The 
photometer  is  far  from  being  so  perfect  or  re- 
liable, under  any  of  its  forms,  as  the  thermome- 
ter ;  its  indications  are  still  ultimately  dependent 
for  evaluation  on  a  judgment  bj'  the  eye;  and 
there  is  a  material  difficulty  in  the  way  of  cor- 
rect determination,  in  the  fact  that  bright  objects 
differ  in  the  qualily  as  well  as  in  the  quanlity 
of  the  light  they  emit,  i.  e.,  they  are  of  differ- 
ent colours.  This  latter  difficulty,  indeed,  can 
scarcely  be  surmounted ;  we  have  no  means  of 
estimating  different  degrees  of  brilliancy  with 
any  approach  to  correctness,  unless  the  shining 
points  are  of  the  same  colour,  or  verj'  nearly  so. 
— Several  photometers  have  been  proposed, — the 
chief  ones  being  as  follows: — 1.  Rumfo}-d' s pho- 
tometer. The  indications  of  this  instrument  de- 
pend on  our  power  of  estimating  the  equality  of 
shacloios.  It  consists  of  a  white  screen,  behind 
which  two  equal  opnque  objects  are  placed  at  the 
same  distance.  If  two  lights  are  to  be  com- 
pared, it  is  so  arranged  that  each  of  them  throw 
upon  the  screen  the  shadow  of  one  of  the  opaque 
objects.  The  lights  are  then  so  placed,  that  the 
two  shadows  seem  uniform;  which  bemg  at- 
tained, the  intensities  of  the  two  luminous  points 
will  be  as  the  squares  of  their  distances  from  the 
screen. — 2.  Ritchie's  photometer.  ThLs  instru- 
ment is  extremely  simple.  By  aid  of  two  re- 
flecting surfaces,  joined  at  the  apex  as  below, 
rays  from  the  two  luminous  points  are  reflected 
upwards  to  meet  the  ^ 
eye  at  c,  so  that 
images  of  both  are  /  \ 

seen.  The  brighter 
light  is  then  with- 
drawn  until  the  two  images  appear  equally  hriU 
Kant;  in  which  event  the  relative  brightnesses 
are  estimated  by  the  same  proportion  as  before. 
This  instrument  nuiy  be  termed  the  reverse  of 
Comrt  Rumford's.— 3.  Wlieat^iones  pihotomcter. 
A  small  sphere,  with  a  reflecting  surface,  being 
]  laced  between  the  two  lights,  each  light  is  seer, 
ill  it  by  the  spectator— the  two  being  reflected 
from  different  points  of  the  sjihere's  surface.  By 
an  ingenious  but  simple  mechanical  contrivance, 
a  rai)id  looped  motion  is  communicated  to  the 
ball ;  and  by  the  principle  of  the  persistence  of 
impressions,  the  spectator  immediately  sees  two 
looped  curs-es  of  different  brightnesses.  The 
brighter  light  is  removed  until  these  curves 
seem  of  the  same  brightness,  and  the  intensities 
of  the  luminous  points  arc  then  as  the  squares  of 
the  distances.  Unquestionably  this  species  of 
photometer  enables  the  eye  to  judge  more  arcu- 
ralcly  of  the  eqiftlity  of  two  adjacent  lights, 
than  any  other  contriviince  hithei-to  proposed.— 
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+  4.  Eahlnefs  polarizing  photometer.  In  this  very 
'  beautiful  instrument  the  two  lights  are  so  placed 
:  that  the  rays  from  a  small  disc,  illuminated  by 

■  one  of  them,  shall  be  polarized  by  reflection  from 
I  a  bundle  of  plates  of  glass,  while  the  rays  from 

similar  disc  illuminated  by  the  other  point 
ihroufjh  the  plates,  and  therefore  polarized  by  re- 
'fraction,  proceed  along  the  same  line  with  the 
other  polarized  rays.    Both  sets  of  rays  pass 
iitogether  through  a  plate  of  quartz  of  double 

■  rotation,  and  are  then  seen  by  the  experimenter 
1  looking  through  a  doubly  refracting  achroniatic 

prism.    Since  the  plane  of  polarization  by  reflec- 

•  tion  is  at  right  angles  to  the  plane  of  polarization 
by  refraction,  it  is  evident  that  the  plate  of  quartz 

■  will  be  presented  to  the  ej^e,  by  the  two  sets  of 
r.rays,  with  complementary  colours.  If  the  lights 
aiare  of  equal  intensity,  these  complementary  col- 
.i*)urs  on  blending,  should  give  a  white  image  of 
lUhe  quartz  plate ;  if  they  are  not  equal,  the  plate 
»>vill  appear  tinted.  Let  the  brighter  light  be 
wemoved  until  all  tint  disappears,  and  the  relative 
>ibrilliancies  will  result  as  a  consequence  of  the  pro- 
portion already  laid  down. — It  is  clear,  that  in 
lall  these  photometers,  no  provision  whatever  is 

■nade  for  differences  of  colour  in  the  luminous 
Doints  whose  intensities  are  to  be  measured. — 
.5.  Photometers  for  measuring  the  relative  bril- 
'iancij  of  the  Stars. — These  contrivances  and  in- 
struments are  qu'te  as  imperfect  as  the  previous 
"ones.  A  very  complex  although  apparently 
>4ffective  apparatus,  was  devised  some  years  ago 
<>y  Steinheil  of  Munich,  but  its  complexity,  pro- 
bably, has  prevented  its  being  put  to  use.  The 
)rinciple  of  all  the  methods  generally  employed 
3  the  following: — The  brilliancy  of  the  image 
■f  a  star  seen  through  a  telescope,  depends — 
ither  things  being  equal — on  the  size  of  the 
bject-glass.  By  obscuring  the  outer  rings  of 
'lie  object-glass,  the  image  of  a  star  of  a  high 
..lagnitude  can  readily  be  reduced  to  the  light  of 

•  star  of  any  lower  magnitude  seen  through  the 
r.tire  object-glass.  The  relative  brilliancy  of 
■^e  two  bodies  may  then  be  inferred  from  the 
liameters  of  the  free  object-glasses  employed, 
luch  better  is  the  use  of  two  corresponding 
ilescopes  at  the  same  time,  as  the  eye  can 

■:etter  compare  two  images  actually  before  it 
•nan  estimate  from  recollection.  Or,  the  size 
f  the  object-glass  may  be  noted,  which  suffices 
)  endow  a  small  star  with  the  brilliancy  of 
lother  star  as  it  appears  to  the  naked  eye. 
rofessor  Manuel  Johnson  of  Oxford  at  one 
:nie  employed  with  much  success,  a  method 
'Unded  on  the  degree  of  illumination  neces- 
iry  for  tlie  observation  of  a  star :  but  he  has 
lice  largely  used,  for  this  purpose,  the  great 
xford  Heliometer.  In  measuring  the  distance 
itween  two  unequal  stars,  it  is  necessarj'  to 
'luce  the  aperture  of  one  of  the  segments  of 
le  divided  object-glass.  If  then  the  aperture 
''  the  segment,  through  which  the  briglitcr  star 

•  seen,  be  reduced  until  both  stars  appear  of  the, 
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same  magnitude,  the  ratio  of  light  will  be  in- 
versely as  the  diameters  of  the  apertures.  We 
alread}'  owe  much  invaluable  information  to 
researches  thus  conducted. — See  Stars. 

PhotomctiT.  The  branch  of  science  con- 
cerned with  the  methods  of  estimating  the  bril- 
liancy of  different  lights,  and  the  results  of  such 
inquiries.  Nothing  can  be  added  here  to  the 
contents  of  the  foregoing  article. 

Physics.  A  general  term  which  applies  to 
the  study  of  those  laws  of  natural  phenomena  in 
the  appearance  of  which  the  element  of  life  is 
not  largely  intermingled.  It  is  in  this  country 
sjTionymous  with  the  phrase  Natural  Philosophy. 
It  includes  also  ordinarily  the  science  of  mecha- 
nics, i.e.,  the  application  of  force  to  inanimate 
matter— the  force  being  that  evident  one  which 
voluntary  exertion  or  impact  gives.  All  other 
developments  of  the  action  of  forces  on  inanimate 
matter,  vital  forces  excepted,  are  treated  of  under 
this  same  name. 

Piezometer.    An  instrument  (invented  by 
Oersted)  for  measuring  the  compressibility  of 
liquids.    It  is  a  vessel  of  glass,  consisting,  like  a 
thermometer,  of  a  bulb  and  a  stem,  and  having 
a  graduated  scale  attached  along  the  stem.  The 
upper  end  of  the  stem  is  open.     The  liquid 
whose  compressibility  is  to  be  measured  is  in- 
troduced into  the  piezometer,  so  as  not  quite  to 
fill  it ;  and  on  the  upper  surface  of  the  liquid  in 
the  stem  is  placed  a  globule  of  mercury  to  sen-e 
as  an  index.    The  piezometer,  with  its  enclosed 
liquid,  is  then  immersed  upright  in  a  very  strong 
closed  glass  cylinder,  which  is  completely  fillrd 
with  water,  and  to  this  watdi-  pressure  is  applied 
by  means  of  a  screw.    The  amount  of  the  pres- 
sure is  ascertained  by  observing  the  compression 
of  the  air  contained  in  a  glass  tube,  which  is  also 
immersed  upright  in  the  cylinder,  with  the  upper 
end  closed,  and  the  lower  end  open.    The  water 
in  the  cylinder  presses  on  the  piezometer  and  its 
enclosed  liquid  equally  in  all  directions ;  and  the 
descent  of  the  mercurial  index  in  the  stem  shows 
the  excess  of  the  compressibility  of  the  liquid 
above  that  of  the  glass  of  which  the  bulb  is  made. 
Piezometers  with  bulbs  of  different  materials, 
tilled  with  some  liquid  whose  compressibility  is 
known,  have  been  used  to  ascertain  the  cubic  com- 
pressibility of  the  material  of  the  bulbs.    In  this 
manner  it  was  discovered  by  Dr.  J.  D.  Forbes 
that  the  cubic  compressibilitj'  of  caoutchouc  is 
nearly  the  same  with  that  of  water ;  for  when 
a  [liezometer  with  a  caoutchouc  bulb,  filled  with 
water,  is  compressed,  the  index  remains  nearly 
stationary  in  the  stem. 

Pisces.  The  last  constellation  of  the  zodiac. 
It  consists  of  two  fishes  linked  together  by  a 
string  tied  to  tlieir  tails,  tiie  upper  being  close  to 
Andromeda,  and  the  lower  close  under  the  wing 
of  Pegasus.  The  largest  star,  a  Piscium,  is  of 
the  third  magnitude. 

Piseis  AiiKlrmis.  Also  culled  Piscis  Aus- 
trinus,  the  Southern  Fish.  In  is  one  of  the  an- 
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ciont  constellations  directly  under  Aquarius,  by 
whom  it  seems  to  be  in  the  act  of  being  sup- 
jilied  with  water.  It  has  one  star,  Fomalhaut, 
of  the  first  magnitude. 

Plscis  Volaiifii.  The  Flying  Fish.  A 
southern  constellation  of  Baj'er's,  between  the 
north  pole  and  the  constellation  Argo.  It  has 
no  stars  above  the  fifth  magnitude. 

Piston.  A  solid  beam  whose  lower  part  per- 
forms the  office  of  a  cork  closing  the  body  of  a 
cylindrical  vessel  in  which  it  moves,  wherever  it 
is  applied  along  the  length.  To  this,  in  the 
centre,  a  rod  is  fastened,  which  rises  or  falls  with 
it ;  and  with  this  rising  or  falling,  the  motion  of 
the  machines  which  use  the  piston,  is  connected 
directly.  In  engines,  the  piston  is  moved  hy  the 
expansive  force  of  steam  (in  steam  engines),  or 
lieated  gas  (in  air  engines) ;  and  the  motion  of 
the  rod  being  communicated,  the  engine  is  set 
inoving.  It  is  of  everj'  importance  that  the  piston 
should  exactly  fit  the  cylinder.  If  it  do  not, 
it  is  manifest,  that  the  expanding  steam  or  gases 
will  not  act  exclusively  on  the  piston,  which 
is  to  be  moved,  but  will  make  their  escape  by 
the  easier  passages.  In  order  that  it  should  fit, 
various  ingenious  contrivances  have  been  made, 
the  best  of  which  appears  to  be  that  now  used — 
where,  round  an  accurate  circular  rim,  a  leather 
rim  is  put,  kept  distended  and  applied  very  closely 
to  the  cylinder  by  steel  springs.  Other  methods 
also  are  employed. 

Plauclariiiiii.    See  Orrery. 

Plaiiimcler.  A  name  given  to  instruments 
designed  to  measure  bj'  mechanical  means  and  at 
once,  the  area  of  atny  plane  figure  drawn  on 
paper.  We  owe  an  accurate  and  effective  one, 
easy  of  management,  and  of  quite  transportable 
weight  and  dimensions  to  M.  Amsler  of  Schaff- 
l!au=en.  There  are  others,  likewise,  especiallv 
an  excellent  one  by  Mr.  John  Sang  of  Kircaldy. 
lie  names  it  a  Platometkr. 

Plates  Thick  and  I?£i.xcfl,  Colours  of. 
The  phenomena  now  referred  to,  are  very  various 
and  remarkably  beautiful.  They  are  explicable 
by  the  Wave-Theory  of  Light  in  a  way  quite 
analogous  to  the  subject  of  the  following  article  ; 
but  as  that  article  has  assumed  a  considerable 
extension,  we  shall  only  briefly  allude  to  these 
otlier  appearances. — The  colours  of  t/iicic  plates 
were  first  observed  by  Newton,  and  may  be  pro- 
duced by  the  following  simple  contrivance. 
Having  covered  the  interior  of  a  shutter  with  a 
slieet  of  white  paper,  make  a  circular  hole  in  it, 
and  through  this  admit  a  ray  of  light  into  the 
room.  If  that  ray  is  permitted  to  fall  on  a  glass 
mirror  about  a  quarter  of  an  inch  thick,  and  quick- 
silvered behind— both  surfaces  having  a  radius 
of  curvature  equal  to  the  distance  of  the  mirror 
from  the  shutter— a  series  of  four  or  five  coloured 
rings  will  be  reflected  on  the  pajier ;  the  colours 
succeeding  each  other  in  the  order  obsei-ved  in 
the  transmitted  sj-stcm  in  the  case  of  thin  plates. 
Sir  David  Brewster  produced  thesame  phenoraeua 
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by  using  two  plates  of  glass  of  equal  thickness; 
for  an  account  of  which  experiment  we  must  refer 
to  his  treatise  on  Optics.  This  is  also  a  fine  case 
of  interference,  and  admirablj'  fitted  to  illustrate 
the  cause  of  this  whole  class  of  appearances. — 
The  phenomena  of  Mixed  Plates  are  still  more 
remarkable,  and  susceptible  of  innumerable  vari- 
ations. They  were  known  to  Dr.  Thomas  Young, 
who  produced  them  by  pressing  portions  of  water, 
butter,  or  tallow,  between  two  plates  of  glass,  or 
between  two  object-glasses  that  give  the  ordi- 
nary rings  of  thin  plates.  The  rings  thus  evoh-ed 
are  very  large.  Seen  by  the  direct  light  of  a 
candle,  they  begin  from  a  white  centre ;  but  on 
tlie  dark  space  next  the  edge  of  the  plate  there  is 
another  set  complementary  to  the  first  and  begin- 
ning from  a  black  centre.  For  the  complete  de- 
velopment of  this  cimous  subject,  and  many  fine 
contrivances  for  rendering  the  phenomena  appre- 
ciable in  all  their  varieties  of  forms,  we  must  again 
simply  refer  to  the  IMemoirs  and  other  writings  of 
Sir  David  Brewster. 

Plates  Thin,  Colours  of.  The  colours 
of  thin  plates  were  first  noticed  bj'  Boyle  and 
Hooke.  They  are  displayed  in  everj'  instance  in 
which  transparent  bodies  are  reduced  to  films  of 
great  tenuity.  Boyle  succeeded  in  blowing  glass 
so  thin  as  to  exhibit  the  phenomena;  they  are 
more  readily  developed  in  mica,  and  some  other 
transparent  minerals,  which  possess  a  lamellar 
structure;  but  the  most  familiar  instance  of  their 
exhibition  is  in  the  froth  of  liquids — the  fluid 
envelope  of  the  bubbles  which  compose  it  beiug 
in  general  of  extreme  thinness.  These  colours 
vary  with  the  thickness  of  the  film,  and  disap- 
pear altogether  when  it  passes  certain  limits. 
When  the  film  exceeds  a  certain  thickness  all 
the  colours  are  equally  reflected,  and  the  re- 
flected light  is  therefore  white.  On  the  contrary, 
when  the  tliickness  falls  below  a  certain  limit,  no 
light  whatever  reaches  the  eye,  and  the  surface 
of  the  film  appears  absolutely  black.  These  facts 
may  be  obser^'ed  in  the  common  soap-bubble, 
when  properly  defended  from  the  disturbing  in- 
fluence of  currents  of  air.  If  the  mouth  of  a 
wine-glass  be  suddenly  dipped  in  water,  which 
has  been  rendered  somewhat  viscid  by  the  mix- 
ture of  soap,  the  aqueous  film  which  remains  in 
contact  with  it  after  immersion  will  display  the 
whole  succession  of  these  phenomena.  When 
held  in  a  vertical  plane,  it  will  at  first  appear 
uniformly  white  over  its  entire  surface;  but  as  it 
grows  thinner  by  the  descent  of  the  fluid  particles, 
colours  begin  to  be  exhibited  at  the  top,  where  it 
is  thinnest.  These  colours  arrange  Ihemselves 
in  horizontal  bands,  and  become  more  and  more 
brilliant  as  the  thickness  diminishes  —  until, 
finally,  when  the  thickness  is  reduced  to  a  cer- 
tain limit,  the  upper  part  of  the  film  becomes 
completely  black.  When  the  bubble  has  arrived 
at  this  stage  of  tenuity  cohesion  is  no  longer  .able 
to  unite  the  other  forces  which  are  actiug  on  its 
particles,  and  it  bursts.     Similar  phenomena 
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!  tnny  be  observed  when  a  drop  of  oil  is  lot  fall  on 
1  water — as  it  spreads  rapidly  over  the  surface,  it  is 
s  soon  reduced  to  a  very  thin  film,  which  displaj's 
t  the  spectral  colours.  Every  one  has  noticed  the  fact 
I  that  steel  and  other  metals  when  polished,  acquire 
\  various  shades  of  colour  by  exposure  to  the  air, 
'  These  colours  are  produced  by  a  thin  coating  of 
r  metallic  oxide  which  is  gradually  formed  on  the 
f  surface.    The  formation  of  this  oxide  is  greatly 
a  accelerated  by  an  augmentation  of  temperature, 
:i  and  the  colour  thus  formed  is  so  invariably  con- 
i:  nected  with  the  thickness  of  the  film,  and  this 
il.  latter  with  the  degree  of  heat,  that  artists  are  in 
|!the  habit  of  measuring  the  temperature  by  the 
f  colour  developed.    Thus  steel,  in  the  process  of 
('tempering,  is  said  to  have  received  a  yellow  heat, 
aa  blue  heat,  &c.    The  same  appearances  are  dis- 
pplaved  in  a  still  more  striking  manner  by  air 
iiitself,  or  even  by  a  vacuum.    If  two  plates  of 
iglass  be  pressed  together  by  the  fingers,  we  shall 
observe  round  the  point  of  nearest  approach,  a 
^  succession  of  coloured  bands  of  great  brilliancy, 
v.which  dilate  as  the  pressure  is  increased,  and  the 
(■enclosed  plate  reduced  in  thickness. — But,  in 
order  to  observe  these  phenomena,  in  such  a 
manner  as  to  be  enabled  to  tr.ace  their  laws  we 
linust  follow  Newton.   Newton's  experiment  con- 
isisted  simply  in  lajnng  a  convex  lens  of  glass 
i-.upon  a  plane  surface  of  the  same  material.  The 
(.thickness  of  the  plate  of  air  increases  as  the 
^square  of  the  distance  from  the  point  of  contact, 
land  is  therefore  the  same  at  all  equal  distances 
ffrom  that  point.    Hence,  as  the  reflected  colour 
ildepends  on  the  thickness,  the  bands  of  the  same 
rcnlour  will  be  arranged  in  concentric  circles  of 
vwhich  that  point  is  the  centre.    The  same  suc- 
wcession  of  colours  is  produced  when  any  other 
("transparent  fluid  is  enclosed  between  the  glasses. 
IThe  colours,  however,  are  more  vivid,  the  more 
!  tiie  refractive  power  of  the  plate  differs  from  that 
of  (he  substances  within  which  it  is  enclosed. 
"AVhun  we  ionk  attentively  at  these  rings,  the 
light  being  reflected  always  at  the  same  angle, 
we  observe  that  the  central  one  is  not  a  mere 
aniuiliis,  but  a  complete  circle  of  nearly  uni- 
foiin  colour. — If  then  we  diminish  th«  thickness 
I'jf  the  plate  of  air,  by  pressing  the  two  glasses 
more  closely  together,  the  central  circle  isobserved 
tt)  dilate,  and  a  new  circle  of  a  dificrent  colour  to 
spring  up  in  its  centre.    This  will  dilate  in  turn, 
iriving  the  former  before  it,  and  another  circle 
ippear  within  it;  until  at  length  a  blade  spot 
allows  itself  in  the  centre  of  the  system,  after 
ivhich  no  further  diminution  of  thickness  will 
ilter  the  succession.     When  the  black  spot 
Jiakes  its  appearance,  we  have  obtained  a  plate 
5f  air  so  tliin  as  no  longer  to  reflect  any  colours, 
ind  the  piicnomcnon  is  then  complete.  Newton 
■raced  seven  coloured  rings  round  tliis  spot,  the 
lolours  of  which  were  said  to  be  of  the  first, 
•iccond,  third,  &c.,  order,  according  to  the  order 
>f  the  ring  to  wiiich  they  belong.    Thus,  the 
■cd  of  the  Uiird  ordei-  is  the  red  which  is  found 
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in  the  third  ring  from  the  central  black,  &c 
The  whole  succession  of  colours  is  called  Newton's 
scale — The  principal  laws  of  these  phenomena 
are  included  in  the  following  propositions: — 1. 
In  homogeneous  light  the  rings  are  alternately 
brir/ht  and  black;  the  thicknesses  corresponding 
to  the  bright  rings  of  succeeding  orders  being  as 
the  odd  numbers  of  the  natural  series,  and  those 
corresponding  to  the  black  rings  as  the  interme- 
diate even  numbers. — 2.  The  thickness  corre- 
sponding to  the  ring  of  any  given  order  varies 
with  the  colour  of  the  light, — being  greatest  in 
red  light,  least  in  violet,  and  of  intermediate 
magnitude  in  light  of  intermediate  refrangibility. 
In  white  or  comjMund  light,  therefore,  each  ring 
will  be  composed  of  the  rings  of  different  colours, 
succeeding  one  another  in  the  order  of  their  re- 
frangiliilitv. — 3.  The  thickness  corresponding  to 
the  ring  of  any  given  order  varies  with  the  ob- 
liquity^ being  very  nearly  proportional  to  the 
secant  of  the  angle  of  incidence  4.  The  thick- 
ness corresponding  to  the  ring  of  any  given 
order  varies  with  the  substance  of  the  reflecting 
plate,  and  in  the  inverse  ratio  of  its  refractive 
index. — In  order  to  establish  the  first  of  these 
laws,  it  is  necessary  to  employ  homogeneous 
light.    This  may  be  obtained  by  means  of  the 
prism ;  or  we  may  adopt  the  method  suggested  by 
Mr.  Talbot, and  illuminate  the  glass  with  a  spirit 
lamp  having  a  salted  wick.    The  light  of  such  a 
lamp  being  a  yellow  of  almost  perfect  homogene- 
ity, the  rings  will  be  ultimately  black  and  yellow; 
and  their  number  is  so  great  as  to  baffle  any  at- 
tempt to  determine  it.    The  law  of  the  tliick- 
nesses  corresponding  to  the  successive  rings  is 
easily  established.   Let  o  be  the  point  of  contact  of 
the  plane  and  spherical  surface,  and  a  a',  b  b',  c  c', 
&c.,  the  diameters  of  the  successive  rings  formed 
round  that  point  as  a  centre.    It  is  evident  that 
the  thicknesses  of  the  plate  of  air  at  the  point 
where  these  rings  are  formed  a  cc,bfi,c<y,  &&,  are 
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as  the  squares  of  the  distances,  o  «,  o  i,  o  c.  &c., 
or  as  the  squares  of  the  diameters  of  the  rings. 
To  determine  the  law  of  the  thicknesses,  there- 
fore, we  have  only  to  measure  these  diameters. 
This  was  done  by  Newton  with  great  accin'acv, 
and  it  was  found  tliat  their  squares  were  in  m-ilh- 
metical  progression^  consequently  the  (liicknesses 
at  which  the  successive  rings  weie  formed  in- 
creased in  a  similar  progression.  But  Newton 
did  not  stop  here.  He  ascertained  further  tlie 
absolute  thickness  oi  the  platxjof  air  at  which  each 
ring  was  formed,  and  that  in  the  most  cxjict 
manner.  It  is  manifest  tliat  if  the  tliirlnicss  of 
the  plate  be  delermiued  for  any  one  of  the  riiig.s, 
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that  corresponding  to  the  others  will' be  given  by 
the  law  just  stated.  Newton,  accordingly,  pro- 
ceeded to  ascertain  this  thickness  for  the  dark 
ring  of  thQ  fifth  order.  This  was  done  by  measur- 
ing its  diameter  accurately,  and  determining  the 
radius  of  the  spherical  surface  from  the  focal  length 
of  the  lens  and  its  refractive  index.  These  two 
elements  being  obtained,  the  thickness  is  immedi- 
ately deduced ;  for  it  is  equal  to  the  square  of  the 
radius  of  the  ring  divided  by  the  diameter  of  the 
8j)herical  surface.  The  value  thus  deduced  being 
suitably  corrected,  it  was  found  that  the  thickness 
of  the  plate  of  air  was  the  ^,30^  of  an  inch,  at 
the  dark  ring  of  the  fifth  order,  and  this  tliickness 
being  decuple  of  that  corresponding  to  the  first 
bright  ring,  it  followed  that  the  thickness  of  the 
plate  of  air,  where  the  fi.rst  bright  ring  was  formed, 
was  the  -n^cdc  of  an  inch.  Thus  the  bright  rings 
of  the  successive  orders  are  formed  at  the  thick- 
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These  determinations  belong  to  the  most  lumin- 
ous rays  of  the  spectrum,  or  those  at  the  con- 
fines of  the  orange  and  yellow.  The  variation 
of  the  diameters  of  the  rings  (or  of  the  thickness 
of  the  plate  of  air  at  which  they  are  exhibited) 
with  the  colour  of  the  light  may  be  observed  by 
illuminating  the  glasses  with  diflerent  portions 
of  the  spectrum  in  succession;  or,  yet  more 
simply,  by  looking  at  the  rings  through  coloured 
glasses ;  and  it  will  be  found  that  the  magnitude 
of  the  rings  is  greater,  the  less  the  refrangibility 
of  the  light. — This  being  imderstood,  it  is  easy  to 
comprehend  the  succession  of  colours  in  each  ring, 
when  white  or  compound  light  is  used.  For  the 
rings  in  this  case  are  the  aggregate  of  the  rings 
of  different  colours ;  and  these  being  of  different 
magnitudes,  the  compound  ring  will  be  vari- 
ously coloured,  the  more  refrangible  rays  occu- 
pying the  interior  and  the  less  refrangible  the 
exterior  parts  of  the  ring.  It  is  easy  to  see  also, 
that,  in  this  case,  all  phenomena  of  colour  must 
disappear  after  a  few  successions,  the  rings  of 
different  colours,  belonging  to  difrerent  orders, 
being  at  length  superposed — Tlic  variation  of  the 
rings  with  the  obliqidtg  of  the  incident  light  may 
be  observed  by  depressing  the  eye.  The  rings  are 
tlien  seen  to  dilate  rapidly  with  the  obliquity  of 
the  reflected  pencil;  the  thickness  of  the  ])Iate  of 
air  at  which  they  are  exhibited  being  nearly  as 
the  secant  of  the  angle  of  incidence  or  reflection. 
— The  fourth  and  last  law,  which  expresses  the 
dependence  of  the  tliickness  at  which  any  ring  is 
formed  upon  the  refraciive  power  of  tlie  plate,  is 
easily  verified  by  "introducing  a  drop  of  water 
between  tiie  glasses.  The  rings  arc  then  observed 
to  contract,  and  if  we  compare  their  diameters  in 
air  and  in  water,  it  will  be  found  that  the  cor- 
responding thicknesses  of  the  plate  are  as  four  to 
three,  or  in  the  inverse  ratio  of  the  refractive 
indices.  Wc  have  hitherto  spoken  only  of  the 
rejected  rings.    There  is  auother  system  of  rings 
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formed  by  transmission,  but  much  fainter  flian 
the  former.  The  transmitted  rings  are  found  to 
observe  the  same  laws  as  the  reflected  rings,  with 
this  remarkable  exception,  that  the  colour  ti-ans- 
mitted  at  any  particular  thickness  of  the  plate  is 
always  complernentary  to  that  reflected  at  the 
same  thickness ;  so  that,  in  homogeneous  light, 
the  bright  transmitted  ring  is  always  at  the  same 
distance  from  the  centre  as  the  corresponding 
dark  one  of  the  reflected  system.  Such  being 
the  phenomena,  the  question  arises  as  to  their 
physical  theory.  Already  on  several  occasions 
(see  Light)  we  have  noticed  Newton's  very  arti- 
ficial theory  of  fits.  The  theory  may  be  said  to 
have  been  originallj'  suggested  hy  the  colours  of 
thin  plates;  but  as  it  is  now  quite  discredited 
and  has  been  found  wholly  inefficient  to  explain 
the  facts,  we  shall  venture  to  lay  it  entirely  aside. 
It  soon  appeared  that  the  light  reflected  from 
both  surfaces  of  the  plate  is  essential  to  the  pro- 
duction of  the  phenomena ;  and  this  fact  led  to 
the  very  threshold  of  the  true  explanation.  The 
light  incident  on  the  first  surface  of  the  plate  is 
in  part  reflected,  and  in  part  also  transmitted. 
The  transmitted  portion  undergoes  a  similar  sub- 
division at  the  second  surface ;  and  part  of  the 
portion  reflected  at  that  surface  will  emerge 
through  the  first,  and  reach  the  eye  along  with 
that  originally  reflected  there.  Thus  the  re- 
flected light  consists  of  two  portions,  one  reflected 
at  the  upper,  and  the  other  at  the  lower  surface 
of  the  plate;  and  these  two  portions — one  re- 
flected at  the  upper,  and  the  other  at  the  lower 
surface  of  the  plate— will  interfere,  and  rein- 
force or  weaken  each  other's  effects  according  as 
they  reach  the  eye  in  the  same  or  in  opposite 
phases.  This  mode  of  explaining  the  pheno- 
mena of  thin  plates  was  pointed  out  by  Hooke  in 
his  Micrographia,  some  years  before  the  subject 
was  taken  up  by  Newton.  In  this  passage  he 
ver7  clearly  describes  the  manner  in  which  the 
rings  of  successive  orders  depend  on  the  in- 
terval of  retardation  of  the  second  "  pulse " 
or  wave,  with  respect  to  the  first,  and  there- 
fore on  the  thickness  of  the  plate.  But  he 
does  not  seem  to  have  had  any  distinct  idea 
of  the  principle  of  interference  itself;  and  his 
conception  of  the  mode  in  which  the  colours 
resulted  from  this  "duplicated  pulse"  is  entirely 
enoneous.  Euler  was  the  next  who  attempted 
to  connect  the  phenomena  of  thin  plates  with 
the  wave  theory  of  light,  but  the  attempt,  like 
all  the  physical  speculations  of  this  great  ma- 
thematician, was  signally  unsuccessful,  and  the 
subject  remained  in  this  unsettled  state  until 
the  jirinciplc  of  interference  was  discovered  by 
Young.  When  this  principle  was  combined 
with  the  suggestion  of  Ilooke,  the  whole  mys- 
tery vanished.  The  application  was  made  by 
Young  himself,  and  all  the  principal  laws  of 
the  phenomena  were  readily  and  simply  ex- 
plained. Let  in  0  n  be  tlie  course  of  a  ray  reflect- 
ed at  the  first  smfaee  of  a  plate;  m  0 p  0'  n'  that 
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if  the  ray  reflected  at  the  second  surface,  and 
.ivice  transmitted  through  the  first.  From  the 
point  d  let  fall  the 
perpendicular  to  o' 
upon  the  reflected  ray 
0  «;  it  will  be  also 
perpendicular  to  o'  n\ 
and  will  therefore  be 
parallel  to  the  front 
of  the  two  reflected 
waves.  Now,  let  us 
conceive  a  wave  re- 
flected at  the  first  sur- 
face, in  the  position 
I  r',  to  meet  at  the  same  place  an  anterior 
vave  reflected  at  the  second  surface,  and  let 
IS  calculate  the  original  interval  between  them, 
■"rom  the  time  that  they  reached  the  first  sur- 
ace  at  o,  one  has  travelled  over  the  space  o  r' 
nd  the  other  over  the  space  o  -p  +  "go'.  But, 
f  we  let  fall  the  perpendicular  o  r  upon  p  o' 
t  is  evident  from  the  law  of  refraction  that  the 
paces  0  r'and  o'  r  are  traversed  in  the  same  time 
1  the  two  media ;  and,  consequently,  that  the  in- 
srval  of  retardation  is  the  time  of  describing  o  p 
r.  Now ^  r  =  0  /)  cos  2  0J3  g,  and  there- 
're  op  +  pr  =  op  cos  2  opq)  ~  2  op 
os'^  opq.  But  o  p  cos  0  p  q  =  p  q-,  and  con- 
'qrently,  the  inten-al  is  2  p  g'  cos  opq.  Or,  if 
e  denote  that  interval  by  i,  the  thickness  of  the 
late  (j)  q)  by  t,  and  the  angle  o  p  q  hy  0, 

S  =  2  f  cos  ^. 
■  ow,  the  two  waves  are  in  complete  accordance 
!■  discordance,  when  the  interval  of  retardation 
an  exact  multiple  of  the  length  of  half  a  wave, 
e..  when 

2 

being  any  number  of  the  natural  series.  Equat- 
these  values  of  J,  therefore,  we  have,  for  the 

dues  of  the  thickness  of  the  plate  which  will  pro- 
uce  a  complete  accordance  or  discordance  of  the 
(vo  waves, 

t  =  \  nX  sec  6. 
•t^e  leam,  then,  1st,  that  the  successive  thick- 
Jsses  of  the  plate,  for  which  the  intensity  of  the 
■■fleeted  light  is  greatest  or  least,  are  as  the  num- 
rjrs  of  the  natural  series ;  2dly,  that,  for  differ- 
!it  species  of  simple  light,  these  thicknesses  are 
'-oponional  to  the  length  of  the  wave;  3dlv, 
"at,  for  different  obliquities,  they  vary  as  the 
■cant  of  the  angle  of  incidence  on  the  exterior 
edium;  and,  4thly,  that,  for  plates  of  difT'er- 
<it  substances,  they  are  proportional  to  x,  and 
lerefore  in  tlie  direct  ratio  of  the  velocity  of  pro- 
-agation,  or  in  the  inverse  ratio  of  the  refractive 
•dex  of  the  substance  of  which  the  plate  is 
)mposed.    There  is  one  part  of  the  preceding 
M'lanation  which  will  require  a  little  considera- 
an.    The  two  waves  being  in  complete  nccwc/- 
■!ce  when  the  interval  of  retardation  is  an  even 
'Ultiple  of  the  length  of  half  a  wave,  and  in  com- 
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plete  discordancevfhcn  that  interval  is  an  oddmul- 
tiple  of  the  same  quantits',  it  would  seem,  from  the 
foregomg  account,  that  the  bright  rings  should 
be  formed  at  all  those  points  for  which  n  is  an 
even  number  in  the  formula  above  given  (or  the 
thickness  an  even  multiple  of  ^  X  sec      and  the 
dark  rings  at  those  points  for  which  it  is  odd.  If 
this  were  trae,  the  point  of  contact  should  be  a 
point  of  accordance,  and  the  rings  should  com- 
mence from  a  bright  centre,  instead  of  a  dark 
one.    This  apparent  discrepancj'  is  explained  by 
the  fact,  that  the  two  reflections  take  place  under 
opposite  circumstances;  one  of  the  rays  being 
reflected  at  the  surface  of  a  denser,  and  the  other 
at  that  of  a  rarer  medium.    The  effect  of  this 
difference  will  be  best  understood  by  a  simple 
illustration.    When  one  elastic  ball  strikes  an- 
other at  rest,  it  communicates  motion  to  it  in  all 
cases ;  but  its  own  condition  after  the  shock  will 
depend  on  the  relative  masses  of  the  two  balls. 
If  the  balls  be  equal,  the  first  will  remain  at  rest 
after  the  shock.    If  they  be  unequal,  it  will  move; 
and  its  motion  will  be  in  the  direction  of  its  former 
motion  when  its  mass  exceeds  that  of  the  second 
ball ;  it  will  be  in  the  opposite  direction  when  it 
is  less.    This  -will  help  us  to  understand  what 
passes  when  a  wave  reaches  the  surface,  separat- 
ing two  media.    The  particles  of  ether  next  the 
bounding  surface  communicate  motion  to  the  ad- 
jacent particles  of  the  second  medium,  and  thus 
give  rise  to  the  refracted  wave.    But  the  fonner 
particles  will  not  remain  at  rest  afterwards,  unless 
the  density  and  elasticity  of  the  ether  be  the  same 
in  the  two  media.    When  this  is  not  the  case, 
the  particles  of  the  first  medium  will  move,  after 
communicating  motion  to  those  of  the  second, 
and  in  mo\nng  give  rise  to  the  reflected  luave. 
Thus  refraction  is  always  accompanied  by  re- 
flection ;  and  this  reflection  is  greater,  the  greater 
the  difference  of  the  densities  of  the  ether  in  the 
two  media.    It  appears  also,  from  what  has  been 
said,  that  the  direction  of  the  motions,  or  the  par- 
ticles of  the  first  medium,  after  thev  communicate 
motion  to  those  of  the  second,  will  be  different, 
according  as  the  ether  is  denser  or  rarer  in  the 
first  medium.    In  the  former  case  the  vibration 
of  the  particles  is  in  the  same  direction  that  it 
was  before ;  in  the  latter  it  is  in  the  opposite  direc- 
tion.   Thus  there  will  be  a  reflected  wave  in  both 
cases ;  but  in  one  case  this  reflected  wave  is  caused 
by  a  vibration  i^  the  same  direction  as  that  of 
the  incident  wave,  in  the  other  by  a  vibration  in 
an  opposite  direction.    The  rosidt  of  this  differ- 
ence is  obviously  the  same  as  if  one  of  tiie  svstems 
of  waves  were  to  gain  or  lose  half  an  undiilation 
on  the  other;  so  that  when  the  two  waves,  re- 
flected from  the  two  suifaces  of  the  plute,  should 
be  in  comiiletc  accordance,  as  far  as  depended  on 
the  difference  of  the  lengths  of  their  path?,  thev 
will  actually  bo  incomplete  discordance,  and  vice 
versa.    Thus  the  dark  rings  will  be  formed  where 
the  thickness  of  the  plate,  is  an  even  multiple  of 
-fXsccS;  and  the  bright  ones  where  that  thick- 
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rcss  is  an  odd  multiple  of  the  same  quantity ;  and 
thus  the  facts  and  tlie  theory  are  reconciled.  AVe 
have  spoken  of  another  set  of  rings  visible  by 
transmission.  These  are  produced  by  the  inter- 
ference of  the  rays  directly  transmitted  through 
the  plate  with  those  which  penetrate  it  after  two 
interior  reflections.  It  follows  from  the  preceding 
considerations  that  they  must  be  complementanj 
to  those  seen  by  reflection ;  and  this  is  observed 
to  be  the  case.  The  extreme  paleness  of  the 
transmitted  rings  arises  from  the  great  difference 
ill  the  intensity  of  the  interfering  pencils.  The 
tJieory  of  thin  plates,  as  it  came  from  the  hands 
of  Young,  laboured  under  an  imperfection,  which 
was,  however,  soon  removed.  It  is  obvious  that 
the  intensity  of  the  two  portions  of  light,  reflected 
from  the  upper  and  under  surfaces  of  the  plate, 
can  never  be  the  same, — the  light  incident  on 
the  second  surface  being  already  weakened  by 
partial  reflection  at  the  first.  These  two  portions, 
therefore,  could  never  wholly  destroy  one  an- 
other by  interference,  and  the  intensity  of  the  light 
in  the  dark  rings  could  never  entirely  vanish,  as 
it  appears  to  do  when  homogeneous  light  is  em- 
ploj'ed.  M.  Poisson  was  the  first  to  point  out 
and  to  remedy  this  defect  in  the  theorj'.  It  is 
evident,  in  fact,  that  there  must  be  an  infinite 
number  of  partial  reflections  within  the  plate,  at 
each  of  which  a  portion  is  transmitted ;  and  that 
it  is  the  sum  of  all  these  portions,  and  not  the 
two  first  terms  of  the  series  onty,  which  is  to  be 
considered  in  the  calculation  of  the  effort.  When 
the  problem  is  taken  up  in  this  more  general 
form,  it  is  found  that  where  the  effective  thick- 
ness of  the  plate  is  an  exact  multiple  of  the  length 
of  half  a  wave,  the  intensity  of  the  reflected  and 
transmitted  lights  will  be  the  same  as  if  it  were 
removed  altogether,  and  the  bounding  media 
I^laced  in  absolute  contact;  so  that  when  these 
media  are  of  the  same  refractive  power,  the  re- 
flected light  must  vanish  altogether,  and  the 
transmitted  light  be  equal  to  the  incident — It 
ought  to  i)e  added  that  the  finest  illustrations  of 
the  iridescent  lines  on  the  surfaces  of  metals, 
alluded  to  above,  are  produced  when  thin  films 
of  peroxide  of  lead  are  formed  upon  steel  plates 
by  the  electrolytic  decomposition  of  acelate  of 
lead.  These  gorgeous  tints  were  discovered  by 
M.  Nobili,  and  are  commonly  known  as  NobiU's 
mefallochromes.  See  Taylor's  Scientific  Me- 
moirs, vol.  i. 

Plcintlct.  A  constellation  in  the  sign 
Taurus,  near  Ilvades.  The  latter  form  the  fore- 
head and  eye  of  the  bull ;  the  Pleiades  form  the 
Bhoulder.  'J'heir  name  is  said  to  be  derived  from 
the  daughters  of  Plcione  and  Atlas ;  more  pro- 
bably from  to  sail.  There  are  said  to  bo 
seven  of  them  visible,  but  they  are  so  close  that 
tlie  unaided  eye,  in  our  latitudes,  can  never  make 
out  more  than  six;  the  telescope  reveals  nmlti- 
tndps  more.  In  the  catalogue  of  Flamstecd,  they 
rank  as  17,  19,  20,  23,  25,  2G  Tauri.  The  star 
Alcyone  is  the  brightest  of  the  Pleiades,  ihis 
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is  the  star  around  which  as  their  commnn 
centre  Dr.  iNliidler  of  Dorpat  considers  tliat  the 
whole  orbs  of  the  firmament  revolve.  Set- 
Stars. 

PIcochroimin ;  Polychroism.  Under  ar- 
ticle DicHiioiSM,  the  nature  of  the  phenomenon 
now  referred  to,  has  been  explained.  The  latter 
term  was  first  used  to  designate  the  phenomenon 
of  two  different  colours  observed  through  a  per- 
fectly homogeneous  crystal,  when  that  is  turned 
in  different  directions;  and,  although  these  two 
princii)al  colours  are  united  —  the  one  to  the 
other  by  intermediate  tints — the  term  dichroism 
is  still  retained  when  we  speak  of  crystals  ivith 
one  optical  axis.  IMore  recently,  Soret  and 
others  have  noticed  in  topaz  and  other  species, 
three  well  marked  tints,  along  three  rectangular 
axes, — a  phenomenon  termed  Tuichkoism.  If 
the  crystals  in  question  are  cut  in  the  form  of 
a  sphere,  we  maj'  notice  at  the  sides  of  the 
pure  or  limiting  tints,  all  intermediate  tints :  the 
name  pleochroism  or  polychroism,  has  therefore 
been  proposed  to  designate  the  entire  phenome- 
non,— of  course  comprehending  both  dichroism 

and  trichroism  The  following  are  some  of  the 

conclusions  drawn  by  M.  Haidinger,  regarding 
this  curious  subject:  for  fuller  information  the 
student  must  refer  to  the  original  memoirs  of 
this  eminent  mineralogist.  In  crystab,  with  two 
optical  axes,  the  separation  and  distribution  of 
shades  or  colours,  depend  as  much  upon  their 
structure  as  in  the  case  of  crj^staLs  with  one 
optical  axis ; — it  takes  place  along  the  axes  of 
elasticity, which  are  always  rectangu  lar.  In  ortho- 
typic  forms,  these  axes  coincide  with  the  crystal- 
lographic  axes :  in  augitic  forms,  with  the  prin- 
cipal axis,  the  transverse  axis,  and  the  normal 
to  these  two :  in  anorthic  forms,  one  of  the 
axes  of  elasticity  coincides  with  the  princii)al 
axis,  the  second  is  perpendicular  to  tlie  longi- 
tudinal face,  and  the  third  is  perpendicular  to 
these  two.  A  crystal,  with  one  optical  axis, 
placed  verticiiUy  before  the  oiiening  of  tlie  dicro- 
scope  (see  Microscope  Dic  hroic),  yields  an 
ordinary  superior  image  O,  and  an  extraordinary 
inferior  one  K ;  these  two  images  are  sometimes 
differently  tinted,  and  ciich  preserves  its  colour 
while  the  cr3-stal  is  turned  round  its  axis.  Often, 
however,  the  colour  of  the  two  images  is  the 
same.  If  a  crystal,  with  two  optical  axes,  is 
examined  in  a  "similar  way— placing  the  three 
axes  of  elasticity  successively  in  a  vertical  posi- 
tion—it will  be  found  that  the  extraordinary 
image  preserves  its  colour  during  tlie  rotation, 
while  the  ordinary  image  changes  its  tint  in  two 
directions  mutually  perpendicular.  But  in  turn- 
ing the  crystal,  with  reference  to  a  horizontal 
axis  placed  transversely,  the  inferior  ordinal} 
image  jireserves  its  colour,  while  the  extraordi- 
nary ray,  indicated  in  the  dichroscope  by  two 
inferior  images  of  diflerent  colour.s,  gives  a  maxi- 
mum and  a  minimum.  Haidinger  has  carriiil 
out  these  rcscai-ches  iu  the  case  of  a  great  vai  ic;. 
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!'  cn-stals ;  but  our  limits  do  not  permit  us  to 
ut'-T  on  tliem. 

Pliivioiurtcr.    See  Rain-gauob. 

Piicituintics.  "We  propose  to  give  a  mere 
mtline  of  the  general  laws  of  pneumatical 
l  ience  —  that  is,  of  the  mechanics  of  elastic 
:  iiids.  For  their  various  practical  applications  we 
1  list  refer  to  articles  under  which  pneumatical 
ii:ichines,  such  as  Air  Pujip,  Barometek,  &c., 
ire  specifically  treated. 

1.  The  Statics  or  Laws  of  Equilibrium 
IF  Elastic  Fluids.  These  laws  are  four  in 
lumber : — 

(1.)  The  Law  of  Boyle  or  Marriotte,  expres- 
ing  the  relation  between  the  elastic  force  and 
olume  when  the  temperatiu-e  is  constant.  It 
<  that  the  pressure  of  an  elastic  fluid  at  a 
onstant  temperature,  varies  inversely  as  the 
pace  which  it  occupies,  and  directly  as  the 
ensity.    Experimental  proof  of  this  can  readily 
e  obtained.    Thus,  let  a  glass  tube  a  b  d, 
closed  at  A,  be  placed  with  the  axis 
vertical.    Pour  a  little  mercury  into 
B  D,  and  let  a  little  air  be  withdrawn 
from  the  tube  a  b,  so  that  the  mer- 
cury may  stand  at  the  same  level  p 
in  the  two  sections.    Then  pour  in 
slow/y  more  mercury  into  D,  until  the 
level  reaches,  suppose  c  in  the  one  and 
M  M  in  the  other  tube.    Then  if  h  be  the 
height  of  the  atmospheric  column  of 
mercury,  the  pressure  in  the  tube,  a  m, 
will  evidently  be  representable  by  A  -f- 
M  c  ;  that  in  the  tube  a  p  by  h.  Now, 
it  will  be  found  by  measurement  that 
the  space  a  p  bears  to  the  space  a  m 
eie  ratio  of  A  -f-  m  c  to  h.    The  spaces  a  m,  a  p 
will  be  best  measured  by  filling  them 
respectively  with  mercury  and  com- 
paring the  amounts  which  they  re- 
spectively contain.    We  thus  find  that 
when  air  is  more  compressed  than  the 
M  atmospheric  air,  the  law  holds.  Sup- 
pose again  a  great  deal  of  air  with- 
drawn from  the  tube,  so  that  the  origi- 
nal level  p  may  be  very  high.  If, 
by  means  of  a  siphon,  a  considerable 
portion  of  the  mercury  be  withdrawn 
— the  level  in  the  two  arms  will  fall 
to  M  and  c  respectively.    The  pres- 
j    sure  in  a  p  will  evidently  vary  with  k,  and 
that  in  a  m  will  be  A  —  m  c.    It  will  be 
found  by  similar  measurements  that  the 
p   space  A  p  is  to  the  space  a  M  as  /«  —  mo 
is  to  h.    Hence  in  the  case  of  rarefied  air 
^   also,  and  therefore  in  all  cases,  the  pres- 
sure, when  the  temperature  is  constant, 
varies  directly  as  the  space  the  elastic  fluid 
occupies.    It  will  vary,  therefore,  directly 
■with  the  density.    Hence  if  ?r  represent  the 
pressure  at  0°,"  and  g°  the  density     =  ft 
*   e°,  where  fi  is  constant.  We  have  also  cr 
5-3.  =:  (/  r  k,  where  a-  is  the  density.  By 
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comparing  these  two,  we  find  from  Biot  and 
Dumas' experiments  V^ct  =  9I6'188. 

(2.)  The  Second  law  is  that  of  Dalton  and  Gay 
Lussac.  This  gives  she  relatitn  between  the  vol- 
ume or  density  and  rmperature  when  the  elastic 
force  is  constant:— If         be  the  densities  of 

mercury  at  t°,  0°  Centigrade    =  i  t'le 

1  -j-et 

density  therefore  diminishing  as  the  tempera- 
ture increases.  The  quantitv  e  is  constant,  and 
for  Centigrade  degrees  is  -OOOISOIS.  Since  in 
all  practical  cases  e  <  is  a  very  small  quantity 


—  =  ir 


'o(l—et  (e«)2_|-&c.) 


=  <^o  (1  —  «  Oi  approximately. 
(3.)  The  Third  great  law  is  Amonton's,  which 
states  that  to  obtain  the  relation  of  the  elastic 
force  and  temperature  when  the  density  is  con- 
stant, we  may  compound  the  two  laws,  whicli 
each  refer  to  part  of  the  total  phenomenon,  into 
one.  Thu3:-Let  W,  r',  W,  be  a  given  volume, 
temperature  and  pressure,  n,  t,  n  be  the  simUar 
standard  quantities  ;  then  tlie  volumes  of  the  two 
gases  at  temperature  0°  under  the  actual  pres- 
sures will  be  *^ 


u' 
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r^rr^'  rp77  ^'^"^^ '  =  -003665 ;  this 

number  being  the  expansion  of  air  for  one  ccn- 
tennal  degree.  Now  these  volumes  are  in- 
versely as  the  pressures  ;  therefore 

n  _      u'      .  u 

■  ST 


n' 

u' 
u 


l-l-er' 

n' 


which  expresses  the  proportion  of  the  volume  of 
a  given  quantity  of  air  at  any  given  temperature 
and  pressure  to  that  at  the  stan  i,nrd  temperature 
and  pressure — We  have  said  in  the  experiments 
illustrating  Boyle's  law,  that  the  operations  must 
be  slow.  This  is  necessary  to  allow  the  heat 
that  is  generated  on  compression  and  the  cold  of 
dilatation  to  disappear.  Let  us  consider  the 
case  of  ordinary  dilatation  and  compression.  Let 
n,  T,  be  temperature,  pressure,  densitj-^,  at  any 
given  moment, 

afie^  +  tliose  immediately 

n  —  ^  e  (1  +  '  t) 
n     Sn  =  ^(f-|-5j)(i4 

^  n  =  A*  s  e  (1  + '  0  +   (e-t  2  f) « 2  r. 

Dividing  by 

II  =  ^  g  (1  +  .  r) 

_^    id  r        f  +  Jf 
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Now  where  ».  is  a  constant  quantity 


 where  o> 


is  constant,  thus  giving  the  expression  which 
cdnnects  tlie  sudden  changes  of  temperature  and 
density.  Hence 


d  n 


Now  it  appears  from  experiment  that    j-^-  ^ 

is  constant,  that  is,  that  t>  is  proportional  to 
1  _j-  £  T.    Call  it  ic.  Then 

n  e 

Integrating  lege  n  =  k  logs  j  +  c. 

If  n',  be  any  other  pressure,  (  any  other  density 

logE  n'  =  KlogE  c 

,  .  logE  H  =  K  logs  — • 

n  e 


1  -|-  s  ft(    pressure. 
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specific  heat  of  air  under  constant 


H=(fr 


But  we  have  shown  already  that 

Xi.~  P       1  -j-ST 


K  —  1. 


The  probable  value  for  k  is  found  to  be  about  1  42 
Let  us  examine  the  physical  meaning  of  this 
quantity  k.— Let  r',  j',  n'  represent  an  mitial 
state,  add  t  in  heat,  and  let  t,  g,  n  be  the  new 
state ; 

then  L.  =:  Llhil'  because  the  pressure  is  un- 

changed.  , 
Suppose  the  air  now  compressed  ti  1  it  comes 
bacii  to  the  density       tlie  heat  evolved  will  be 


0-7)  = 


e  00 


—  t) 


1  +  « 

Hence  "the  temperature  of  the  air  has  been  in- 
creased by    —  t)  ^  ^    r+rr) ' 

Under  the  constant  pressure,  i  increases  the  tem- 
perature by  t'  —  T.  Ileuce 


specific  heat  imder  constant  vol- 
ume. 

These  three  laws  of  Marriotte,  Gay  Lussac, 
and  Amontons  then,  exi)ress  the  relations  be- 
tween elastic  force,  density,  and  temperature. 

(4.)  A  Fourth  L\w  is  required  however,  to 
express  the  relation  between  the  volume  and  tlie 
temperature  when  the  quantity  of  heat  is  con- 
stant. The  experimental  result  is,  that  in  all 
cases  of  sudden  rarefaction  or  condensation,  the 
diflerence  of  temperature  varies  as  the  cube  of  thir 
rarefaction.  Thus,  if  o>,  be  the  difference  of 
temperature  for  1,  and  S  of  rarefaction,  re«pecrively 
—these  expressing  the  proportions  of  the  increase 
of  volume  to  the  original  volume,  then— 

This  we  may  lay  down  as  a  fourth  law.    <wi  i- 
found  experimentally  by  Professor  Potter  {Ph 
losopJdcal  Magazine,  September,  1853)  to  I" 
•2077. 

To  find  the  ratio  of  the  two  specific  heats  spoke 
of  above. 

Let  c  =  capacity  of  air  for  heat  at  a  consta: 
pressure. 

quantity  of  heat  which  raises  1  grai;. 

of  air  1°  Fahr. 
quantitv  of  heat  to  raise  it  £°  Fahr, 

Then  r  =  c  £. 
capacity  of  air  for  heat  at  constn- 
volume. 

=  quantitv  of  heat  which  raises  1  grni 
of  air  1°  Fahr.  under  constat 
volume. 

Then  V  will  raise  it  higher  than  t  degrees,  V 
cause  expansion  is  not  here  allowed,  let  it  i 
J  Then  r  =  c'  (s  -|-  «)  =  c  £. 

^  =  1  +  - 

Now  if  no  heat  be  lost,  u  is  the  temperan 
which  would  be  lost  when  expansion  takes  pi;, 
down  to  the  original  pressure,  and 

a)  =  coy  0 

Let     V  V'  be  temperatures  at  freezing,  ^  ah- 
freezing,  and(^+  0°  above  freezing,  of  any  gas- 
Then  t)  =      (1  +  "  ^) 

v'  =  ,;,      +  O) 


Andr 
Let  c' 


V' 
V 


1  -f-  a. 
And  S,  the  rarefaction 


\  -\-  a  6  -\-a.  I  .    1  -\- 
1 


-|-  a  I 


V        ^  at 
■V         I.        1  .  
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..'.'ice  s  = 


5(l  +  aO 


S  (1  +  a  0 
1 

lence  putting  a,  =  -j^^  ,  for  Fahr.  degrees,  = 

'jG5  for  Centigrade,  as  above  noted,  and  usiiio 
^1  +  2077,  we  have 

7  +  ^+2^9  (^+"^- 
I  formula  in  -nrhicb  we  have  varying  values  for 
le  ratio  of  specific  heat.    Where  the  rarefac- 
■in  is  very  small  or  iuverssly,  the  condensa- 
c 

is  very  nearly  equal  to  1.— These  four 

i^s  constitute  what  we  may  call  the  Statics  of 
lis  subject. 

II.  A  few  words  remain  to  be  said  as  to  the 
li'NAMics  of  elastic  fluids.  In  Hydrodynamics, 
le  theorem  of  Torricelli  states  that  molecules  of 
aiid  in  leaving  an  orifice,  issue  with  a  velocity 
:ae  same  as  if  they  had  fallen  freely  in  the  va- 
iimm  from  a  height  equal  to  that  of  the  level 
>30ve  the  centre  of  the  orifice.  Assuming  this 
hold  for  air  and  gases,  Bernouilli  deduced  the 
miowing  expression 


There  v  is  the  velocity  of  flow  per  second,  cj  is 
«e  expression  for  gravity,  .S2-2  in  feet;  jo'the 
ijight  of  the  liquid  column  which  measures  the 
nrmal  pressure  of  the  elastic  fluids ;  Z  3  the 
iieights  of  unit  volumes  of  the  liquid  which  serves 
i  standard  for  measuring  the  normal  pressures 
■  the  elastic  fluids  and  of  the  gas  at  0°  and 
1  ider  that  pressure ;  a  the  co-efBcient  of  dilata- 
on  for  the  gas— <  the  temperature— A  H  the 
■tterior  and  exterior  pressures.  Introducing  d 
■  r  density  of  anv  gas  different  for  air,  and  sub- 
i;ituting  the  usual  constants,  we  find 


1  w  =  430 


r'  alculatmg  for  air  at  0°,  and  at  barometric 
i-'ightj?  near  760  millimetres,  wliich  is  the  stan- 
•'■rd,  we  find  these  results  :— 


1  ExwBS  of  Pressure  h' 
over  700  mm.  h. 
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As  in  the  case  of  fluids  however,  this  is  not 
found  accurately  true.  Call  v  the  theoretical 
velocity,  and  v'  the  experimental.  Then 

v'  =  .  65  V  for  orifices  in  thin  wall. 
=:  .  93  z;  for  cj-lindrical  spouts, 
==  .  94  u  for  conical,  and  narrowing  from  the 
wall  of  the  gasometer. 

The  hypothesis  about  the  narrowing  of  the  stream 
of  air  after  emission  which  reconciles  theory  with 
experiment  for  fluids,  may  be  repeated  here — , 
We  may  compare  the  foregoing  velocities  with  a 
rough  tabular  estimate  of  velocities  of  wind  : — 

Velocity  in 
meires. 

Wind  just  sensible,   1 

Moderate,   2 

Fi-esli  breeze— extendinR  sails,  ,   G 

"Wind  most  suitable  for  mills,   7 

Good  breeze   9 

Stiff  breeze,  requiring  topsails  to  be  reefed,  12 

Very  strong  wind,   1.5 

Great  tempest,  ,   27 

HuiTicane,  36 

Hurricane  which  overturns  buildings,  '.  45 

Bemouilli's  formula  answers  for  the  case  of  open- 
ings in  thin  walls,  but  not  well  for  long  tubes. 
No  very  accurate  theoretical  account  can  be  given 
either  for  those  cases,  or  where  the  difference  of 
exterior  and  interior  pressures  is  great,  or  for  the 
changes  which  are  to  be  made  for  gases  diff"er- 
ent  from  air. 

III.  We  shall  trace  a  few  applications  of  ,  these 
principles. 

(1.)  Let  two  gases  under  pressures  m,  n,  occupy 
spaces  M,  V,  and  let  them  be  allowed  to  inter- 
permeate— there  being  no  chemical  action.  Sup- 
pose we  have  to  find  the  volume  of  the  mixtures 
under  the  pressure  p 


V,  under  pressure  p  becomes  ; 


Br 


n 


•.  When  mixed,  under  pressure  p,  we  shall  have 
p 


as  the  total  volume. 


(2.)  Our  space  does  not  permit  us  to  repeat 
the  statements  regarding  vapours,  elsewhere  fullv 
illustrated.  We  shall  assume  them  to  be  known. 
They  hold  with  regard  to  all  fluids  in  varying 
degi-ee.  The  fundamental  principle  is  that  all 
fluids  whose  surfaces  are  open,  only  cease  eva- 
porating when  a  lajer  of  their  own  vapour  of 
given  amount  ior  each  temperature  lies  above 
them.  Suppose  we  talce  the  important  problem,  to 
discuss  the  comparative  density  of  dry  and  moist 
air  under  tlie  same  temperature  and  prcssui-e.— 
Let  n  be  tlie  total  pressure,  and  T  that  due  to 
aqueous  vapours.  Thcn.n  —  r  is  the  pressure 
of  the  air :  and  if  ^  bp  the  density  of  dry  air  at 
609 


n.  then 


n  —  T 
n 


PNE 

?  is  the  density  of  the  air. 


The  density  of  vapour  under  pressure  T  is 
n 

ties  of  air  and  vapour.  Hence  the  mass,  a  vol- 
ume V  of  the  mixture,  will  be  equal  to  a  mass. 


.  m,  where  m  is  the  ratio  of  specific  gravi- 


of  dry  air  -(- 


V 


m  5  of 

n 

,      the  mass  is  v       therefore  the 

densities — pro^)ortional  to  the  masses — arepropor- 

tiunal  to   !  • 


n 


It  is  only  necessaiy  to 


vary  the  conditions  of  the  question  to  frame  as 
many  questions  upon  this  subject  as  we  choose. 
In  all  of  them  we  have  merely  the  application  of 
Boyle's  and  Dalton's  simple  temperature  law. 

(3.)  We  shall  give  the  process  by  means  of 
which  heights  are  calculated  by  means  of  the 
barometer,  as  a  last  illustration. 

Let  H,  n,  K  be  the  pressures  at  h,  p  k,  s  the 
temperature  at  h,  t  at  k;  p  Q  adjacent  points, 
j,j  p  =xpq=dx.  Then  the  excess  of  pressure 
:it  Q  over  that  at  P  is  ultimately  d  U.  We  may 
suppose  the  temperature  between  n  and  k  to  be 
uniform  and  mean  between  s  and  t.    Hence  the 

densitv  of  the  air  at  p  is  —   i—  (s  +  ''')• 

^    1  + 1  s 

But  the  excess  of  pressure  at 

n  1 

p  =  ^  .  p  Q 


1  + 
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Hence  for  a;  -4-  o,  x  =  A,  where  h  —  ii  ic 

gh  -fc 


logs  n  =  o  c 


logc  -  =  ■ 


g  h  


which,  since  n,  k  are  given  by  the  barometer,  will 
give  /t,    and  r  being  known  by  the  thermometer. 

I'oinis.  Had  space  permitted,  we  should  have 
discoursed  here  at  some  length  on  the  subject  indi- 
cated under  Invoi.ution.  The  reader,  however, 
must  be  referred  to  K.vTio  Anuau.monic.  The 
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relations  of  systems  of  points  now  forms  an  ira 
portant  part  in  the  modern  Geometry.  Sec 
Chasles  and  Mulcahy. 

Polar  Co-ordinates.  A  system  of  reference 
for  positions  and  magnitudes  which,  as  of  the 
highest  importance  in  analytics,  we  give  here. 
Suppose  a  point  o,  and  a  line  o  A  be  taken  as 
fixed.  Then  one  refers  any  point  p,  to  o  a 
and  o  by  specifying  OP  poa  =  6 

For  several  lines  in  the  same  plane  that  have 
previously  been  referred  to  co-ordinate  axes 
o  X,  o  Y,  we  have,  if  x  o  a  =  «,  x  =  ?-  cos 
— a),  y  =  r  sin  {6—ct) — Where  we  have 
points  in  space  referred  to  polar  co-ordinates- 
suppose,  for  instance,  o  x,  o  Y,  o  z  to  be  the 
ordinary  lines  of  reference.  Then  the  polar 
quantities  for  the  point  p  are  O  p  =  r,  z  o  p  =  rf, 
and  if  a  plane  be  passed  through  z  o,  o  p,  its 
line  of  section  with  o  x  y,  makes  au  angle,  x  o  m, 
which  is  the  other  polar  dictum  —  (f.  It  is 
easy  to  show  that  z  =  a  cos  ^,  =  »•  sin  ^  sin  (p, 
X  —  r  sin  6  cos  (p. 

Polar  Forces.    There  are  two  classes  of 
Forces  at  the  root  of  Natural  Phenomena,  of  which 
we  have  now  a  distinct  idea.    The  first,  simpk 
Forces  such  as  Impulse  or  Gravity ;  forces  that 
impress  one  single  and  simple  effect.  The  secon  I 
class  is  much  more  complex;  and  the  rise  of 
clear  conceptions  regarding  them  may  be  said  to 
be  coincident  with  the  rise  and  development  of 
all  modern  Phj-sical  Science.  These  second  forces 
are  termed  Polar  Forces ;  and  their  characteristic 
is  this; — they  are  developed  and  act  in  pairs. 
No  force  belonging  to  this  class  can  act  or  even 
exist  singly:  for  instance,  one  Jlagnetic  Force 
cannot  be  developed  without  the  simultaneous 
development  of  its  opposite:  so  likewise  with 
Electricity  ;  there  is  no  such  thing  as  an  Electric 
attraction  unaccompanied  by  a  corresponding  or 
equal  repulsion,  nor  can  a  voltaic  current  be  de- 
veloped without  an  accompanying  opposite  n 
polar  current.  These  Polar  Forces  govern  nearly 
the  entire  domain  of  Physics.    To  them  must  be 
referred  all  phenomena  of  Magnetism,  Electritit  v 
and  Chemical  Action;  nor  does  their  influenc 
stop  with  the  linuts  of  these  sciences : — their  pur. 
application  to  the  phenomena  of  Light,  will  yi  ; 
suffice  to  disembarrass  this  branch  of  physics  « 
the  hypotheses  that  now  encimiber  it.— One  c  ; 
the  most  clamant  desideranda  of  our  Time,  is 
pure  Principia  of  Polar  Forces.   Existing  modi 
of  treating  them  are  only  tentative,— consistir  - 
of  expedients  suggested  by  actual  difficuliic- 
Svstem  and  adequate  Methods  will  assured! 
and  duly  come ;  but  they  must  bring  along  wii^ 
them  an  entire  remodelling  of  our  Aualytii:, 
Sciences. — See  next  article. 

PoInrii4t.apv :  Polavimclcr.  The  nam 
given  to  instruments  meant  to  discover  ami 
estimate  Polarized  Light.  See  Polarization-. 
Every  such  instrument  consists  of  a  Polarizer 
and  an  Anahjzer ;  the  former  pohirizcs  the  ray, 
the  latter  discei-ns  that  it  is  polaiizcd,  and  enables 
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^  to  trace  its  characteristics.  Of  couree  the  means 
■f  various.  The  polarizer  may  be  a  refiectiny 
late, — a  bundle  of  transparent  plates — a  plate 

■  such  a  crystal  as  the  tourmaline — or  a  doubly 
■iVacting  rhomb.  The  an.alyzer,  again,  is  gene- 
illy  another  reflecting  plate,  capable  of  being 

iced  in  any  azimuth  and  inclination  to  the 
me  of  the  polarized  ray, — a  second  plate  of 
>urnialine — or  another  doubly  reflecting  crys- 
il— say  a  NicoFs  prism  (q.  v.)  The  details  of 
le  instruments  greatly  differ,  as  well  as  their 
cpense.  Some  of  them,  for  ordinary  use — 
ilHcient  to  show  the  superb  colours  developed 
r  the  polarized  ray — are  simple  and  cheap; 
It  the  best  instruments  cannot  be  obtained  at 

low  price.    Their  forms  and  prices  may  now 

■  seen  in  any  catalogue  of  optical  instruments, 
lie  student  is  again  referred  to  Sir  David  Brew- 

r's  Optics;  and  inter  alia,  to  recent  Memoh-s 
Dove. 

iPolai-ijj-.  The  conception  of  Polarity  in  re- 
reuce  to  Natural  Phenomena  is,  in  its  purity,  of 
i  th  so  recent  that  it  may  well  be  questioned 
hether  it  has  yet  attained  to  due  distmctness, 
id  been  fully  disembarrassed  of  accessary  con- 
lerations,  in  the  minds  of  many  inquirers.  Sug- 
-;ed  originally  by  special  facts"— e.y.,  the  pheno- 
i  na  of  Magnetism— it  long  retained,  connected 
Ith  it  and  apparently  inseparable,  the  notion  of 
iLES,  or  distinct  seats  of  action;  and,  more  or 

it  has  been  encumbered  ever  since,  in  all  the 
partments  of  physics  of  which  it  constitutes  an 
^ential  part,  with  different  and  limited  hypo- 
etical  subsumptions.  Separated  from  everything 
■titious,  the  idea  of  Polarity  is  simply  that  of 
■lal  and  opposite  poicers  called  into  existence 
a  common  condition ;  or,  as  Dr.  Whewell  ex- 
■<ses  it  still  more  generally,  it  is  a  condition 
i  ;r  wliich  we  have  a  contrast  of  projjerties 

esponding  to  a  contrast  of  positions.  Re- 
rded  in  this  light,  the  idea  of  Polarity  is  as 
rely  rational  as  the  Laws  of  Motion,  and  may 
equally  made  the  foundation  of  a  Rutimal 
immics.  It  has  nothing  to  do  with  the  fancy 
Terrestrial  Jlagnets,  with  Hypotheses  concern- 
;  impalpable  and  incognoscible  Fluids,  with 
una  having  Poles,  or  with  doctrines  concerning 

real  vibrations.    Hypotheses  like  these  are 
'inpure  part  of  our  modern  physics,  although 

liave,  doubtless,  often  assisted  the  Liquirer; 
1  they  are  clearly  quite  separable  from  the 
i"n  of  Polarity  in  itself,— the  notion  which 
J  really  given  these  hypotheses  by  far  tiie 
;'er  portion  of  the  cfTicacy  they  possess. — The 
'lain  of  the  idea  of  Polarity,  discerned  simply 
I  abstractly,  stretchns  very  far.  It  includes  the 
ire  phenomena  of  Magnetism,  of  Electricity,  of 
■inical  Adinity,  of  Crystallization,  and' the 
i'>r  part  of  the  phenomena  of  Light.  In  these 
I'jus  departments  of  physics  it  manifests  itself 
urioiis  ways,— ways,  iiowever,  not  necessarily 
"rse.  In  fact,  most  of  the  grandest  discoveries 

cent  times,  lie  m  the  direction  of  establishing 
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what  Dr.  Wliewell  has  happily  called  the  crow- 
nection  of  Polarities  ;  by  which  is  meant  the  dis- 
cernment of  a  correlation  among  different  mani- 
festations of  Polar  Forces.  It  is  in  this  research 
that  Ampere  achieved  his  signal  triumph.  That 
a  connection  exists  between  the  Magnetic  and 
Electric  Polarities,  could  no  longer  be  doubted 
after  the  brilliant  experiment  by  Oersted ;  but 
Ampere  determined  the  nature  of  that  connection, 
laid  down  its  fundamental  laws,  and  showed  how 
to  deduce  its  inevitable  results.  The  essay  of 
Ampere  was  the  earliest,  and  may  still  be  termed 
the  only  rational  attempt  to  deal  largely  with 
Polar  Forces.  Hence,  he  has  not  unworthily 
been  termed  the  Newton  of  Magnetism  and 
Electricity.  —  In  the  essays  of  our  illustrious 
Faraday,  there  are  endless  materials  and  sug- 
gestions of  inappreciable  value,  towards  the  pur- 
suit of  the  same  difficult  course.  Nor  can  we 
omit  notice  of  the  remarkable  contributions  of  Pro- 
fessor William  Thomson.  Nevertheless  there  is  a 
great  void.  General  methods  are  wanting ;  and 
to  supply  these  our  modern  geometry  and  our 
analytical  resources  must  be  stirred  to  their 
depths. — For  further  illustrations  see  Polari- 
zation. 

Polarization.  A  name  applied  to  a  class  of 
very  peculiar  phenomena,  the  nature  of  which  is 
described  in  the  articles  below. 

Polarization  of  Elcat.  Eadiant  Heat  ap- 
pears subject  to  all  the  changes  incident  to 
Radiant  Light :  it  is  reflected,  refracted,  doubly 
refracted,  and  polarized.  Likewise  something 
akin  to  Polarization  of  Heat  by  the  Atmosphere, 
seems  to  exist.  We  do  not  as  yet  know  anj'- 
thing  similar  to  coloured  Polarization,  in  the 
case  of  Radiant  Heat ;  although  the  discoveries 
of  Melloni  indicate  that  a  Ray  of  ordinary  Heat 
is— in  analogy  with  a  sunbeam— rather  a  sheaf 
of  dive-se  rays.  Revelations  on  this  difficult  and 
delicate  subject,  will  doubtless  be  portion  of  the 
harvest  of  the  l<'uture. 

Polarization  ofXiiglit.  Under  this  term 
is  comprehended  a  variety  of  phenomena  of  a 
singular  description  which  are  presented  by  a 
Ray  of  Light  under  certain  circumstances.  The 
subject  is  now  so  extensive  and  complex,  that  it 
were  vain  to  attempt  a  complete  survey  of  .it 
within  the  limits  of  this  Cj'clopajdia :  we  shall 
essay  to  sketch  merely  its  leading  features  under 
appropriate  heads. 

I.  Tun  SIGNIFICATION  OF  THE  TERM  POLAR- 
IZATION.—Tlie  adoption  of  this  name  has  un- 
questionably been  facilitated  by  certain  physical 
theories  concerning  the  cause  of  the  phenomena 
it  indicates.  Eut  the  primary  fact  which  the 
term  marks  out  and  distingui  lies,  may  bo  pre- 
sented and  the  name  juhtilicd,  apart  from  all 
physical  tlieoryor  liypotiietical  substratum.  That 

fact,  in  its  simple  purity,  is  the  following:  

under  certain  circumstances,  a  ray  of  ordinary 
or  indeed  of  amj  Ligiit,  appears  to  assume  what 
may  be  designated  as  sides,  and,  therefore  to 
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present  opposite  or  pohi-  properties  according  as 
these  sides  liappen  to  lie  towards  the  observer. 
For  instance,  no  solid  body  except  a  sphere,  will 
appear  of  the  same  uniform  shape,  wherever  the 
observer's  eve  is  placed;— a  flat  scale,  looked  ?it 
edgeways,  is  a  thin  line ;  looked  at  sideways,  it 
is  a  flat  parallelogram.    The  word  side,  as  at 
present  emploved,  is  not  intended  to  involve  any 
theoretical  notion  whatsoever:  it  is  used  only  as 
a  convenient  expression  by  which  the  existence 
of  opposite  or  polar  properties  in  the  Rays  _o 
Lift-Ut  may  be  indicated. -But  the  subject  will 
become  clearer,  if,  from  general  illustration,  we 
descend  to  the  actual  facts  of  the  case    There  is 
a  crvstal  called  the  Tourmalme,  dark  but  still 
transparent,  especially  in  thin  plates.  If  a  direct 
ray  of  ordinarv  Light  is  looked  at  through  a  thin 
plate  of  Tourmaline  which  has  been  smtably  cut, 
it  will  appear  rigorously  of  the  same  colour  and 
briUiancy,  ichatever  the  position  of  the  Tourmalme. 
But  wth  a  ray,  aftected  by  various  circumstances, 
this  by  no  means  holds.    Should  the  observer 
look  through  the  Tourmaline  plate,  not  at  a  direct 
ray,  but  a  reflected  one,— say  reflected  from  the 
surface  of  a  sheet  of  polished  glass-he  will  find 
(at  certain  angles  of  reflection),  that,  while  on  the 
Tourmaline  being  held  in  one  position  the  whole 
reflected  rav  is  transmitted,  the  very  reverse  takes 
place  when  the  crystalline  plate  is  turned  round 
iiinetv  degrees  :-ie.,  no  light  whatever  is  then 
transmitted.    By  that  act  of  reflex.ioa  then,  the 
rav  of  Light  has  been  endowed  with  a  certain 
determinate  peculiarity.    It  passes  through  the 
Tourmaline  plate,  if  that  plate  is  held  in  one 
position;  but  if  the  plate  be  turned  round  ninety 
de-rees  the  rav  cannot  at  all  pass  through  it. 
Instead  of  beini  as  formerly  indifferent  to  the  po- 
sition of  the  Tourmaline,  the  Ray  now  mamfests 
opposite  qualities  in  its  relations  to  that  plate  :  it 
seems  to  have  obtained  sides,  or  a  polar  charac- 
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ter-  i.e.,  it  has  been  polarized.— One  other 
fact  will  enable  the  student  to  fix  this  curious 
change  more  firmly  in  his  mind.  It  is  well  known 
that  certain  crystals  divide  a  rav  of  Light  that 
passes  through  them,  into  two  distinct  parts;  and 
ihis  not  through  any  dispersive  efiicacy,  because 
the  two  ravs  that  issue  continue  white  if  the 
intrant  light  were  white.  Of  these  crystals 
Iceland  Spar  is  an  available  instance.  Place 
a  rhomb  if  that  spar  over  a  clearly  marke 
noint  and  two  images  of  the  point  will  usually 
Pppear  -ie-Tthe  ray  issuing  from  the  point  has 
E  divided  bv  the'  spar  into  two  parts  or  rays 
pursuing  two  distinct  directions    Now,  if  these 

Tourmaline  quite  as  opposite  as  the  two  poles  oi 
t  Znet:  in  the  true  and  only  pure  sense  of 
th^  word  they  are  oppositely  Polarized;  and  as^ 


it  is  expressed  technically,  they  are  polarized  la 
planes  at  right  angles  to  each  other. 

II.  ClUCUMSTANCES   UNDER  WHICH  A  RaY 

OF  Light  is  Polarized.— These  circumstances 
are  mainlv  the  following : — 

(1.)  Polarization  by  D<yubly  Eefracting  Crystals. 
 This,  as  being  the  most  efiective  mode  of  polar- 
izing Light  over  which  the  physicist  at  present 
has  command,  is  mentioned  first.  The  phenomena 
of  Double  Refraction  are  very  various,  and  are 
explained  under  Refraction.   Two  phenomena 
alone,  require  description  here;  and  these  may  be 
discerned  by  anv  student  in  possession  of  two  good 
Rhombs  of  Iceland  Spar.  Let  the  two  images— 
either  of  a  black  or  of  a  bright  point— seen  through 
one  Rhomb,  be  looked  at  through  another  whose 
position  with  regard  to  the  first  Rhomb  may  be 
altered  at  will.    Several  important  changes  m 
respect  of  these  two  images  occur  as  the  second 
Rhomb  is  turned  round.    Generally  speakmg, 
one  finds  four  images  presented  to  the  eye,  en- 
dowed with  different  intensities  of  Light,  but 
when  the  two  Rhombs  are  placed  in  certam  rela- 
tions there  are  only  two  images.  If,  for  instance, 
the  second  Rhomb  is  placed  with  its  principal 
plane  parallel  to  the  principal  plane  of  the  first 
Rhomb,  that  rav  which  was  ordinarily  refracted 
before  is  only  ordinarily  refracted  agam  (i.e., 
according  to  Snell's  Law)  ;  while  the  other  ray, 
extraordinarilv  refracted  before,  is  again  extraor- 
dinarily refracted.    Reverse  the  positions  of  the 
Rhombs-that  is,  place  their  principal  planes  at 
right  angles  to  each  other-and  the  reverse  takes 
place.  The  ordinary  ray  through  the  first  Rhomb 
is  now  extraordinarily  refracted  as  it  passes 
through  the  second;  while  the  extraordmarj- 
rav  of  the  first  is  now  refracted  in  stnctest  ac- 
cordance with  Sneirs  Law 
and  direct  inferences  are  sustained  by  this  pheno- 
menon.   First,  it  cannot  be  doubted  that-as  by 
the  Tourmaline,  so  by  the  new  test  of  the  second 
Rhomb-it  is  established  that  these  two  rays 
issuing  from  the  doubly  refracting  substance,  are, 
iu  the  most  strict  sense  of  the  word,  polarized; 
and,  stiU  further,  that  these  planes  of  polariza- 
tion are  at  right  angles  to  each  other.-Secondly, 
the  second  Rhomb-over  whose  positions  we  ma.% 
have  the  completest  command-serves  as  »  ready 
and  unquestionable  amlyze,'  of  the  Light  tran  - 
mitted 'through  the  first;  i.e.,  it  -  ^s  ^/^^  e 
as  the  Tourmaline  to  inform  us,  ^h-^^^cr  J 

in  what  plane,  any  ray  is  P''l«"^^^--Xnr 
1  the  close  relation  between  these  singular  pheno 
'  mena  and  the  axes  of  crystals-whether  mam. 
fested  bv  the  Tourmaline,  or  by  the  action  of  th. 
Iceland  Rhomb-induces  us  to  connec  them  ^vitn 
crvstalline  structure,  or  with  the  f 
prevail  in  vario.m  directions  wi  hm  crystalline 
minerals.    These  varying  elasticities  cannot^but 
influence  the  character  of  amj  mode  oj  propaga- 
tion through  them.-It  maybe 
that  while  we  obtain,  through  e&ect  of  the  led 
Spar,  a  complete,  entire,  and  entirely  oppoMi. 
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larization  of  Rays,  the  separation  of  these  Eays 
nay  be  made  so  pure  and  complete  by  the  thick- 
'.ess  of  the  crj-stal,  that,  as  already  stated,  no 
:rency  need  be  expected  more  capable  of  bringing 
nder  the  power  of  the  experimenting  physicist, 

lys  of  Light  in  these  remarkable  and  opposite 

ites  See  Prism,  Nicol's. 

(2.)  Polarization  by  Reflection. — It  has  been 
xplained  above,  that  a  Ray  of  Light  reflected 
om  many  surfaces  is  found  to  have  undergone 
n  important  change.  That  this  change  be  com- 
lete,  or  rather  that  it  reach  its  maximum,  the 
nlinary  Ray  must  fall  on  the  reflecting  surface 
t  an  angle  depending  on  the  nature  of  that  sui- 
ice.  The  discovery  of  the  Law  which  determines 
le  amount  of  this  angle  is  due  to  Sir  David 
irewster.  The  Law  is  this : — The  index  ofRe- 
■'iciion  characterizing  the  reflecting  substance  is 

tangent  of  the  angle  of  maximum  polarization. 
rom  which  it  follows,  that  the  refracted  position 


POL 

of  the  incident  light  pursues  a  path  at  right  angles 
to  the  reflected  polarized  parts.  On  reaching  the 
second  surface  of  bodies,  a  second  reflection  takes 
place,  and  a  new  polarization,  of  which  the  law 
is  the  following: — The  polarizing  angle  at  the 
second  surface  is  equal  to  the  complement  of  the 
polarizing  angle  at  the  first  surface,  or  to  the 
angle  of  refraction. — There  are  two  special  points 
demanding  notice.  1.  The  different  rays  of  the 
spectrum  have  different  angles  of  polarization. 
When  homogeneous  light  is  used— say  the  red  ' 
or  yellow  ray — the  polarization  may  be  made 
complete, — i.e.,  no  light  whatever  will  pass 
through  the  analyzing  plate  of  Tourmaline  :  but 
when  white  or  common  light  is  employed,  the 
polarization  is  never  complete.  The  following 
table,  given  by  Su-  David  Brewster,  shows  the 
amount  of  this  difference  in  the  case  of  the  various 
simple  rays : — 


^ Red  rays, ... 
Water,  -^Mean  rays,.. 

(  Violet  rays,. 

fRed  rays, ... 
Plate  glass,    -j  Mean  rays,.. 

(Violet  rays,. 

^  Red  rays, ... 
Oil  of  cassia,     Mean  rays,. . 

(Violet  rays,. , 


Index  of 
Eefraction. 

Maximum  Polar- 
izing Angle. 

Differences  between  the 
greatest  and  least  , 
Polarizing  Angles. 

1-330 

63°    4'  ) 

1-336 

53    11  C 

15' 

1-342 

63    19  ) 

1-515 

66  34) 

1-525 

56    45  y 

21' 

1-535 

56    65  ) 

1  597 

57  57) 

1-642 

58    40  y 

1°  24' 

1-687 

59    21  ) 

— Light  is  alwaj's  polarized  in  degree,  al- 
ough  the  incident  ray  does  not  fall  on  the  re- 
eling surface  at  the  maximum  angle.  And 
baat  is  very  peculiar,  it  can  be  polarized  to  its 
aaximum,  in  that  case,  by  successive  reflections. 
lae  following  table,  also  given  by  Sir  David 
irewster,  exhibits  the  number  of  reflections  re- 
iiired  to  efifect  maximum  polarization  at  differ- 
t  angles  of  incidence :  — 


BELOW  THE 
PPOLARIZINO  ANGLE. 

AnoVE  THE 
POLARIZING  ANGLE. 

Jfo  of 
Weliectioiu. 

Angle  at  which 
the  Light  is 
Polarized. 

No.  of 
Reflections. 

Angle  at  which 
the  Light  is 
Polarized. 

2 
3 
4 
5 
6 
7 
8 

56°  4.V 
50  26 
46  30 
43  51 
41  43 
40  0 
38  33 
37  20 

J 

2 
3 
4 
5 
6 
7 

56°  45' 
62  30 
65  33 
67  33 

69  1 

70  9 

71  5 
71  51 

.  '  1" — yriitll,  in  UlU  Con- 

xion of  this  partiall)^  polarized  ray?  Is  that 
'Ta  compound  of  a  ray  perfectly  polarized,  and 
•1  a  beam  of  ordinary  light  ?  Or  is  it  a  compound 
t  two  or  more  rays  perfectly  polarized,  but  so 
u!bned  to  each  other  that  in  no  case  can  pcr- 
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fectly  polarized  light  be  detected  by  the  Tour- 
maline ?  Further  notice  of  this  question,  in  con- 
nection with  the  phenomena  of  metallic  reflexion 
will  be  found  elsewhere  in  our  Dictionary.  See 
especially  Reflexion. 

(3.)  Polarization  by  Simple  Refraction. — That 
light  is  polarized  by  refraction  may  be  said  to 
have  been  ascertained  by  Iluyghens.  He  exa- 
mined indeed  only  the  two  rays,  or  the  divided 
ray,  through  Iceland  spar:  nevertheless  it  was 
his  observation  that  induced  Newton  to  sav, 
"This  fact  implies,  in  the  sides  of  the  ray, 'a 
faculty  of  disposition  having  relations  of  corre- 
spondence with,  or  a  sympathy,  correlative  dis- 
positions in  the  crystal :  it  is  thus  that  the  poles 
of  two  magnets  mutually  correspond."  About 
the  year  1811,  however,  itwas  discovered  through 
independent  observation  by  Sir  David  Brewster 
Malus,  and  Biot,  tliat  the  peculiar  change  im- 
pressed on  an  ordinary  ray  of  light  by  reflexion 
can  also  be  impressed  on  it  by  simple  refrac- 
tion. We  cannot  do  better,  in  explanation  of 
this  mode  of  polarizing  light,  and  its  laws,  than 
reproduce  a  few  pages  from  Sir  David  Brewster's 
recent  and  almost  exhaustive  work  on  Pheno- 
menal Optics : — 

"  To  explain  this  property  of  light,  let  r  r 
fig.  1,  be  a  beam  of  light  incident  at  a  great 
3  2  X 


POL 

angle  between  80°  and  90°  on  a  horizontal  plate 
of  glass,  No.  1 ;  a  portion  of  it  -will  be  reflected 


Fig.  1. 

at  its  two  surfaces,  r  and  a,  and  the  refracted 
beam  a  is  found  to  contain  a  small  portion  of 
polarized  liglit. — If  this  beam  a  again  falls  upon 
a  second  plate,  No.  2,  parallel  to  the  first,  it  will 
suffer  two  reflections ;  and  the  refracted  pencil 
h  will  contain  more  polarized  light  than  a.  In 
m: 


like  manner,  by  transmitting  it  through  the 
plates,  Nos.  3,  4,  5,  and  6,  the  last  refracted 
pencil,  f  g,  will  be  found  to  consist  entirely,  so  far 
as  the  eye  can  judge,  of  polarized  light.  But, 
what  is  very  interesting,  the  beam  f  g  is  not 
polarized  in  the  plane  of  refraction  or  reflection, 
but  in  a  plane  at  right  angles  to  it;  that  is,  its 
plane  of  polarization  is  not  represented  by  the 
ordinary  ray  in  Iceland  spar,  or  as  light  polar- 
ized by  reflection,  but  by  the  extraordinary  ray 
in  Iceland  spar.  From  a  great  number  of  ex- 
periments, I  found  that  the  light  of  a  wax 
candle  at  the  distance  of  ten  or  twelve  feet  was 
polarized  at  the  following  angles,  by  the  follow- 
ing number  of  plates  of  cro^vn  glass  : — 


No.  of  Plates 
of  Crown 
Glass. 

Observed  An- 
glos at  which 
tlie  Pencil  is 
polarized. 

No.  of  Plates 
of  Crown 
Glass, 

Observed  An- 
gles at  wliicli 
the  Pencil  is 
polarized. 

8 

79°  11' 

27 

67"  10' 

12 

74  0 

.31 

53  28 

16 

69  4 

35 

50  6 

21 

63  21 

41 

45  35 

24 

60  8 

47 

41  41 

It  follows  from  the  above  experiments,  that  if 
we  divide  the  number  41-84  by  any  number  of 
ci-own  glass  plates,  wc  shall  have  the  tangent  of 
the  angle  at  which  the  beam  is  polarized  by  that 
number. — Hence  it  is  obvious  that  tlie  power  of 
polarizing  tlie  refracted  light  increases  Avitli  (he 
angle  of  incidence,  being  nothing  or  a  minimum 
at  a  perpendicular  incidence,  or  0°,  and  the  great- 
est possible  or  a  maximum  at  90°  of  incidence. 
I  found  likewise,  by  various  experiments,  that 
the  power  of  polarizing  (he  liglit  at  any  given 
angle  increased  with  the  refracdvc  power  of  the 
body,  and  conserpiently  that  a  smaller  number  of 
l)l:itcs  of  a  highly  refracting  body  was  necessary 
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than  of  a  refracting  body  of  low  power,  the  angle 
of  incidence  being  the  same. — As  Malus,  Biot, 
and  Arago  considered  the  beams  a,  &,  &c.,  before 
they  were  completel}'  polarized.  e^H pariially  polar- 
ized, and  as  consisting  of  a  portion  of  polarized  and 
a  portion  of  unpolarized  light ;  so,  on  the  otlier 
hand,  I  concluded  from  the  following  reasoning 
that  the  unpolarized  light  had  suffered  a  physi- 
cal change,  which  made  it  approach  to  the  state 
of  complete  polarization.  For  since  sixteen  platea 
are  required  to  polarize  completely  a  beam  of 
light  incident  at  an  angle  of  69°,  it  is  clear  that 
eight  plates  will  not  polarize  the  whole  beam  at 
the  same  angle,  but  will  leave  a  portion  unpolar- 
ized. Now,  if  this  portion  were  absolutely  un- 
polarized like  common  light,  it  would  require  td 
pass  through  other  sixteen  plates,  at  an  angle  ol 
69°,  in  order  to  be  completely  polarized  ;  but  the 
truth  is,  that  it  requires  to  pa.ss  through  only 
eight  plates  to  be  completely  polarized.  Hence 
I  conclude  that  the  beam  has  been  nearly  hall 
polarized  by  the  first  eight  plates,  and  the  polari- 
zation completed  by  the  other  eight.  This  con- 
clusion, though  rejected  by  both  the  French  and 
English  philosophers,  is  capable  of  rigid  demon- 
stration, as  will  appear  from  the  following  obser- 
vations:— In  order  to  determine  the  change  whicl: 
refraction  produced  in  the  plane  of  polarizatioi! 
of  a  polarized  T&y,  I  used  prisms  and  plates  ct 
glass,  plates  of  water,  and  a  plate  of  a  highly  re- 
fractive metalline  glass ;  and  I  found  that 
refracting  surface  produced  the  greatest  chanp 
at  the  most  oblique  incidence,  or  that  of  90^^ : 
and  that  the  change  gradualh'  diminished  to  :i 
perpendicular  incidence,  or  0°,  where  it  was  no- 
thing. I  found  also  that  the  greatest  effect  pro- 
duced by  a  single  plate  of  glass  was  about  IG" 
39',  at  an  angle  of  86°  ;  that  it  was  3°  5'  at  an 
angle  of  55°,  1°  12'  at  an  angle  of  35°,  and  0 


at  an  angle  of  0°.- 
therefore  constituted 


-A  beam  of  common  light, 
as  in  fig.  2,  No.  1,  witl. 


each  of  its  planes  a  b,  c  d  inclined  45   to  tli 
plane  of  refraction,  will  have  these  planes  openc  i 
16°  39'  each,  by  one  plate  of  glass  at  an  inci- 
dence of  86° ;  that  is,  their  inchnation,  in  plac 
of  90°  will  be  123°  18'  as  in  No.  2.    By  th 
action  of  the  other  two  or  three  plates  they  will 
be  opened  wider,  as  in  No.  3  ;  and  by  seven  < 
eight  plates  they  will  be  opened  to  near  180°,  oi 
so  that  A  n,  c  D  nearlj-  coincide  as  in  No.  4,  si' 
as  to  form  a  single  polarized  beam,  whose  plan' 
of  polarization  is  perpendicular  to  the  plane 
refraction.    1  have  shown,  in  ano(her  place,  tliat 
these  planes  can  never  be  brought  into  nintlic- 
ma(ical  coincidence  by  any  number  of  refraclions : 
but  they  approach  so  ncfir  to  it  that  the  jionril 
is,  to  all  appearance,  completely  polarized  with 
lights  of  ordinary  strength    All  the  light  ]u>lav 
ized  by  refraction  is  only  partially  polarized,  an  ' 
it  has  the  same  proper(ies  as  that  which  is  jiar- 
tially  polarized  by  i-eflection.    A  certain  por 
tion  of  (he  light  of  a  beam  thus  par(inlly  polni- 
ized,  will  disappear  when  reflected  at  the  polariz- 
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:  angle;  and  this  quantity,  which  I  have 
where  shown  how  to  calculate,  is  given  in 
following  table  for  a  siiir/le  surface  of  glass, 
■se  index  of  refraction  is  1'525  :  — 


roL 


-'b  of 
Jeuce. 

Inclination  of 
the  Plunes  of 

Polarization 
A  B  C  D,  flg.  2. 

Quantity  of 
transmitted 
Rays  out  of 
1000. 

Quantity  of 
Pularized 
Bays  out  of 

oooo. 

90°  0' 

956-77 

0 

90  26 

956-59 

7  22 

92  0 

950-90 

32-2 

45' 

94  58 

920-5 

79  5 

93  56 

8.37-33 

129  8 

'  40' 

104  55 

608  3 

156-7 
12:i-7 

108  44 

3S3.72 

■  112  58 

0 

'  Although  the  quantity  of  light  polarized  by 
■action,  as  given  in  the  last  column  of  this 
le,  is  calculated  by  a  formula  essentially 
rent  from  that  by  which  the  quantity  of 
It  polarized  by  reflection  was  calculated  ;  yet 
-  ciuious  to  see  that  the  two  quantities  are 
i;isely  equal.  Hence  we  obtain  the  following 
• — When  a  ray  of  common  light  is  reflected 
'  refracted  hj  amj  surface,  the  quaniit?/  of  light 
irized  hy  refraction  is  exactly  equal  to  that 
n-ized  by  reflection — This  law  is  not  at  all 
licable  to  plates,  as  it  appeared  to  be  from 

experiments  of  M.  Arago  When  the  pre- 

5  method  of  analysis  is  applied  to  the  light 
ted  by  the  second  surface  of  plates,  we  ob 
the  following  curious  law:— A  pencil  of 
I  reflected  from  the  second  surfaces  of  trans- 
'nt  plates,  and  reaching  the  eye  after  two  re- 
■llons  and  an  intermediate  reflection,  contains 
U  angles  of  incidence,  from  0°  to  the  maxi- 
i  polarizing  angle,  a  portion  of  light  polar- 
In  the  plane  of  reflection.    Above  the  polar- 
angle,  the  part  of  the  pencil  polarized  in  the 
reflection  diminishes,  till  the  incidence 
tries  78°  7'  in  glass,  when  it  disappears,  and 
ii-kole  pencil  has  the  character  of  common 

■  Above  this  last  angle  the  pencil  contains  a 
'' '■'!!_  "f  li'fit  polarized  perpendicularhi  to  the 

■  "J  reflection,  which  increases  to  a  maximum, 
then  diminishes  to  nothing  at  90°. — As  a 
lie  of  gla-ss  plates  acts  upon  light,  and  polar- 
it  as  effectually  as  reflection  from  the  sur- 
of  glass  at  the  polarizing  angle,  we  may 
litutfi  a  bundle  of  glass  plates  in  place  of 

of  glaiis.    Thus,  if  A,  fig.  3,  is  a  bundle  of 

A 


Fig.  3. 

plat&s  which  polarizes  the  transmitted  ray 
'"-■11  if  the  second  bundle  v.,  is  placed  as  in 
igure,  with  the  planes  of  refraction  of  its 
■i  parallel  to  the  planes  of  refraction  of 
(0  ato  of  A,  the  ray  s  t  will  penetrate  the 
'■i.a  bundle;  and  if  s  Ms  incident  on  n  at 
['Polarizing  angle,  not  a  ray  of  it  will  be 
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reflected  by  the  plates  of  b.    If  b  is  now  turned 
round  its  axis,  the  transmitted  light  v  w  will 
gradually  diminish,  and  more  and  more  light 
will  be  reflected  by  the  plates  of  the  bundle,  till, 
after  a  rotation  of  90°,  the  ray  v  w  will  disap- 
pear, and  all  the  light  will  be  reflected.  By 
continuing  to  turn  round  b,  the  ray  v  w  wUl  re- 
appear, and  reach  its  maximum  "brightness  at 
180°,  its  minimum  at  270°,  and  its  maximum  at 
0°,  after  having  made  one  complete  revolution.", 
(4.)  Among  other  modes  by  which  polarization 
may  be  efifected,  we  may  just  refer  the  action  of 
certain  crystal  plates,  such  as  plates  of  tourma- 
line and  agate,  and  the  phenomena  of  w^hat  has 
been  termed  Lamellar  Polarization.  The  student 
must  consult  the  essay  by  Biot,  and  Sir  David 
Brewster's  researches. 

III.  General  View  of  the  Theory  of 
Polarization.— When  Sir  Isaac  Newton  first 
became  aware  of  the  existence  of  phenomena  like 
those  of  polarization,  he  considered  it  a  conclu- 
sive argument  against  the  conception  -which  had 
been  powerfully  advocated  even  in  his  time,  that 
the  propagation  of  light  is  due  to  the  propaga- 
tion of  waves.  Nor  can  it  be  doubted  that  the  ex- 
istence of  silks  in  a  ray,  is  irreconcileable  with 
propagation  by  waves  aldn  to  the  waves  of  s&und. 
These  latter  waves  or  imdulations  take  place 
along  the  line  of  propagation— that  is  to  say,  the 
vibratmg  or  oscillating  molecule  of  air  moves  to 
and  fro  in  the  direction  in  which  the  waves  (if 
sound  pass ;  and  one  cannot  discern  the  possi- 
bihty  of  impressing  on  such  motions  any  change 
or  modification  that  would  cause  them  possess 
sides,  or  appear  different  whether  looked  at  from 
above  or  from  below,  from  one  side  or  another. 
No  such  change,  indeed,  is  conceivable,  unless 
the  vibrations  take  place  athwart  the  line  of 
general  propagation,  or  are  Transverse  ;  and 
therefore  rather  resemble  the  vibrations  that  pass 
from  one  end  to  another  of  a  musical  string. 
But  the  general  conception  of  the  undulatorv 
theory  of  light,  places  no  restriction  whatsoever 
on  the  nature  of  the  waves  it  subsumes ;  this 
on  the  contrary,  has  to  be  discerned  through 
phenomena.    And  although  it  is  not  to  be  dis- 
guised tliat  difficulties  still  attend  the  applica- 
tion of  that  theory  in  some  cases— difficulties, 
however,  mostly  appertainmg  to  the  inadequacy, 
or  rather  intractability  of  our  transcendental 
analysis— the  assertion  may  safely  be  hazarded, 
that,  on  the  gi-ound  of  certain  subsumptions  re- 
garding the  nature  of  these  vibrations,  which  in 
no  case  can  be  refused,  as  mechanically  or  ab- 
stractly inadmissible,  a  fabric  of  deductive  science 
has  be(3n  reared,  which,  measured  bvits  power  not 
mei-ely  to  explain  but  to  predict  phenomena,  has 
not  at  present  any  superior  unless  it  be  the  sub- 
ject of  Celestial  Dynamics  itself.— To  obtain  clc-ir 
possession  of  tills  remarkable  theorv  the  student 
must,  in  the  first  place,  roach  a  distinct  idea  of  tiie 
nature  of  a  transoersal  vibration.    In  the  ether 
whose  waves  give  rise  to  the  onward  propagation 
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and  to  .all  tlie  moleculav  phenomena  of  light,  the 
molecules  are  supposed  to  oscillate  aci-oss  the  on- 
ward x)ath  of  the  wave.  As  already  said,  this 
onward  motion  is  propagated  somewhat  in  the 
waj'  in  which  vibrations  proceed  along  an  elastic 
string  held  in  high  tension.  Now,  so  soon  as 
this  conception  is  exactly  attained,  it  will  be 
clear  that  no  restriction  is  thereby  placed  on  the 
manner  of  the  motion  of  each  or  of  all  the  mole- 
cules, save  the  very  general  one  that  each  mole- 
cule must  vibrate  'in  a  plane  at  right  angles  to 
the  direction  Of  the  propagation  of  the  ray.  _  Con- 
sistently with  this  only  fundamental  restriction, 
the  molecules  may  describe  various  curves  in  such 
a  plane ;  they  may  all  describe  one  curve,  or 
each  may  describe  its  own;  or  they  may  de- 
scribe no  curve  at  all  but  each  oscillate  to  and 
fro  in  a  straight  line,  athwart  the  direction  of  the 
lay.  It  will  be  seen  on  a  glance  that  as  every 
such  moditication  of  oscillation  must  carry  with  it 
mechanical  consequences— altering  the  relations 
of  a  luminous  ray  to  the  bodies  through  which  it 

passes  how  fertile  is  the  undulatory  theory  at 

its  foimdation;  and  how  it  may  be  capable  of 
reducing  within  law,  numerous  varied  and  even 
apparently  contlicting  classes  of  phenomena. — 
Let  t!s  bi-iefly  and  very  generally  explain  the 
leadmg  modes  of  molecular  oscillation — of  which 
at  present  that  theoiy  takes  acconnt. 

(1.)  The  case  of  a  Ray  of  Ordinary  Light. — 
The  most  probable  form  of  such  wave-oscilla- 
tions around  the  axis  of  a  ray  and  in  the  plane 
perpendicular  to  it,  is  when  the  molecule  de- 
scribes an  ellipse,  and  when  the  major  axis  of 
these  various  ellipses  do  not  preserve  one  in- 
variable direction,  but  shift  round  and  round 
like  the  apsides  of  the  planets.  There  is  no- 
thing whatever  in  such  a  wave  to  impress  on  it 
sides,  or  to  cause  it  manifest  polarities,  under 
whatever  mode  it  is  ^newed  or  by  whatever  test 
it  is  examined.  Such  a  ray  will  be  subject  to 
the  ordinary  influences  of  reflexion  and  ref 'ac- 
tion; it  will,  imder  suitable  circumstances,  mani- 
fest the  phenomena  to  be  expected  from  inter- 
ference ;  and  if  it  is  made  up  of  sets  of  molecules 
moving  with  different  velocities,  we  would  expect 
also  the  phenomena  of  dispersion.  It  is  not  to 
be  supposed,  however,  that  in  passing  through 
various  bodies,  or  on  being  subjected  to  various  in- 
fluences, such  a  svstcm  of  vibrations  would  escape 
without  serious  mid  often  clearly  distinguishable 
modifications. 

(2.)  Plane  rolnrized  Urflit.—lt  is  easy  to 
conceive,  in  tlie  first  instance,  that  in  passing 
through  certain  media,  or  being  subjected,  say  to 
certain  reflexions  — the  liberty  of  these  mole- 
cules to  oscillate  in  a  curve  is  impaired— in 
otlier  words,  that  one  side  of  their  motion  is  en- 
feebled or  even  destroyed  ;  so  that  the  wave  comes 
to  consist  of  rectilineal  motions  in  some  plane 
perpendicular  to  the  axis  of  the  ray.  Or  it  may 
farther  be  conceived  that  on  the  curvilmcal  oscil- 
lation entering  a  medium,  it  is  divided  into  two 
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sets  of  rectilineal  oscillations  perpendicular  to 
each  other  as  well  as  to  the  direction  of  the  ray, 
and  propagated  along  different  paths.    In  tlie 
former  simple  case  M'e  should  have  the  ordinary 
ray  converted  into  one  ray  with  sides ;  and  in 
the  latter  case  we  should  have  what  occurs  in 
double  refraction,  the  ordinary  ray  emerging  in 
the  form  of  two  distinct  rays  oppositely  polar- 
ized.   The  student  will  observe  two  important 
truths  connected  with  this  remarkable  bnt  very 
simple  theory.    First,  the  view  it  gives,  close!;, 
appertains  to  the  molecular  structure  of  the  bodies 
which  are  supposed  to  impress  such  changes  on 
the  oscillations  constituting  the  waves  of  liglii ; 
and  we  shonld  expect  accordingly,  as  has  turned 
out,  to  find  the  phenomena  of  polarization  by  aid 
of  crystals,  indissolubly  connected  with  the  axes 
of  elasticity  of  these  bodies.    Secondly,  the  en- 
tire subject  is  thus  converted  into  a  mechanical 
one ;  and  we  are  entitled  to  demand  of  the  theory 
a  full  and  a  priori  deduction  of  those  various 
and  fundamental  empirical  laws  of  its  pheno- 
mena,  whose   discovery  so  distinguished  the 
career  of  Sir  David  Brewster.  And  a  reply  most 
adequate  has  been  given,  in  the  first  place,  by  the 
masterly  analysis  of  Fresnel.    An  outline  of  that 
analysis,  or  rather  of  the  march  of  its  results  has 
long  been  before  the  English  inquirer  in  the  most 
lucid  work  by  Professor  Lloyd,  whose  illustra- 
tions are  repeated  in  the  Repertoire  of  Abbe' 
Moiguo ;  and  we  observe  with  pleasure  that 
Professor  Powell,  to  whom  the  theory  of  light  in 
many  respects  owes  so  much,  has  recently  under- 
taken a  fresh  re\'iew  of  the  subject,  part  of  whidi 
he  has  already  communicated  to  the  Philosophi- 
cal Magazine.  With  a  reference  to  these  several 
works,  we  must  in  the  meantime  be  content  to 
rest;  only  remarking  further,  that  the  theorj' has 
accomplished  more  than  offering  a  ground  for 
existmg  laws ;  it  has  gone  a-head  of  discover}-, 
and  been  ever  prepared  to  grasp  and  resolve  new 
unexpected  facts. 

(3.)  Circidar  Polarization.— Tha  student  lia" 
now  to  be  introduced  to  another  set  of  pheno- 
mena.   The  modification  impressed  upon  a  ra 
of  light  by  the  mere  suppression  of  one  of  th 
axes  of  the  ordinary  elli])tic  wave,  or  its  re 
ductiou  to  the  state  of  a.  plane  wave,  is  evidentl 
only  one  of  the  changes  to  which  we  may  su 
pose  a  set  of  oscillations  of  such  a  kind  to 
subject.    It  is  easy  to  conceive  that,  tliroug 
effect  of  some  other  descriptions  of  action,  the  ax' 
of  the  ellipses  may  become  equal — or  that  th 
ellipse  is  changed  into  a  circle.    When  the  vi 
bration  assumes  this  form,  the  ray  is  said  to 
circularhi  polarized.     It  is  clear  that  to  sncH 
ray  peculiar  properties  must  belong,  distingui 
ing  it  verj'  broadly  from  common  Light  as  W 
as  from  plane  polarized  Light.  According  to  t 
rigid  significance  of  the  word  polarity,  that 
can  evidently  not  be  applied  to  such  a  ray  ex 
in  one  limited  and  special  sense :  a  wave  so  p 
pagated  can  have  no  sides,  unless  in  reference 
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lie  directions  in  which  the  particles  of  the  ether 
ive  moving — that  is,  whether  they  are  moving  in 
e  direction  of  tlie  liands  of  a  watch,  or  in  tlic 
utrary  direction,  constituting  the  distinction  of 
'I'  ft-hamled  and  a  rigkt-havded  circular  polar- 
ition.    The  mode  of  discriminating  between 
,ight  in  this  condition,  and  Light  in  any  other 
indition,  has  been  already  described  under  Cir- 
LLAU  Polarization,  so  that  we  shall  not 
ecur  to  that  subject.    It  is  right,  however,  to 
ilhide  once  more  to  the  fundamental  truth  on 
vhich  Fresnel  rested  his  memorable  theory  of 
ircularly  Polarized  Light,  and  from  which  he 
leduced  the  necessity,  according  to  the  UnJu- 
ating  Theorj-,  of  a  large  and  most  peculiar  class 
'f  phenomena  that  might  have  seemed  utterly 
HiEzling.  The  Truth  or  Law  in  question  is  this: 
/'  two  rays  of  plane  polarized  light,  whose  planes 
'  polarization  are  at  right  angles  to  each  other, 
it,  or  are  svperimposed,  m  phases  differ- 

.\G  FROM  EACH  OTHER  BY  ONE-FOUUTH  OF  A 

IRKATIOJJ,  a  circular  oscillation  immediately  re- 
"Its,  or  the  toave  is  circular/y  polarized. — Two 
liings  must  be  evident.  First,  if  this  law  be 
rue,  the  theory  of  the  phenomena  of  circular 
"darization,  must  be  at  once  reducible  to  the 
heorj'  of  p)lane  polarization,  because  every  cir- 
ular  wave  must  comport  itself  in  all  circum- 
tances,  as  two  plane  waves  in  the  foregoing 
elative  conditions,  inasmuch  as  it  may  always 
'6  resolved  into  the  elements  of  which  it  is  com- 
'lunded.  And,  secondly,  the  law  itself  must  be 
ii-ceptible  of  mathematical  demonstration,  for  it 
olves  nothing  other  than  a  question  of  the 
niposition  of  definite  motions.  It  is  confessedly 
uifiicult,  how  ever,  for  the  student  to  conceive  how 
.  combination  of  two  such  rectilineal  motions 
must  produce  a  circidar  one ;  on  which  account, 
we  esteem  the  whole  subject  largely  indebted  to 
Vrofessor  Powell  for  the  following  illustrative 
liiechanical  device.  Let  an  arm  f  attached  to  any 


Fig.  4. 


^tonvenient  support  terminate  in  two  branches, 
'n  whicli,  by  the  points  go',  a  small  frame 
•eirtgs:  in  this  frame,  i)y  the  points  h  ii',  whose 
^xis  13  at  right  angles  to  og',  a  pendulum  r. 
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with  a  weight  at  the  lower  end,  can  vibrate. 
Now,  on  the  pivots  H  h',  the  pendulum  can  evi- 
dently only  vibrate  in  the  plane  of  c  d  :  and  by 
the  pivots  G  g'  it  can  only  vibrate  in  the  plane 
of  A  B,  at  right  angles  to  the  former.  But  if 
motion  be  communicated  to  it  in  one  of  these 
planes,  and,  at  an  instant  after,  in  the  other  also, 
the  result  of  the  compound  motion  iu  this  dis- 
cordance, will  be  that  it  vibrate  in  a  circle,  if 
the  interval  between  giving  the  two  impulses  be 
exactly  one  quarter  the  time  of  its  vibration  in 
the  tirst  plane.  If  the  interval  be  different,  the 
pendulum  wiU  vibrate  in  an  ellipse. — The  cir- 
cular vibration  or  oscillation,  depends,  therefore, 
essentially  on  the  phases  of  vibration  that  are 
combined. 

(4)  .  Elliptical  Polarization. — One  other  pro- 
bable modification  of  the  ordinary  ray  of  light 
remains  to  be  noticed.  The  waves  may  be  neither 
cu'cular  nor  plane,  but  elliptical,  only  with  this 
modification  distinguishing  them  from  ordinary 
light — there  may  be  no  apsidal  motion,  in  other 
words,  the  two  axes  of  the  elliptic  wave  may 
continue  in  the  same  planes.  In  case  of  such  a 
wave,  there  must  clearly  be  a  polarity  of  two 
kinds :  first,  the  two  sides  of  the  wave  will  not 
be  the  same;  and,  secondly,  as  in  the  former 
case,  there  may  be  a  right-handed  and  a  left- 
handed  revolution  or  oscillation  of  the  ethereal 
particles.  The  treatment  of  tliis  new  phase  of 
the  subject  is  necessarily  much  more  complex, 
than  that  of  the  former ;  but  the  remark  made 
at  the  conclusion  of  last  section  indicates  the 
scientific  kej% — Elliptical,  as  well  as  Circular 
Polarization,  is  the  result  of  the  combination  or 
composition  of  two  rectangular  plane  waves,  in 
different  phases  of  vibration.  The  reflecting 
student  will  not  fail  to  remark,  that  notwith- 
standing the  order  in  which  we  have  arranged 
these  different  polarizations,  the  form  or  mode 
last  mentioned,  is  that  which  every  consideration 
of  probability,  would  induce  us  to  expect  to  find 
most  frequently  in  Nature.  Vibration  in  a  single 
plane,  and  vibration  in  a  pure  circle,  ought  to 
be  about  as  rare  an  occun-ence  as  a  perfectly 
circular  orbit  amid  planetary  motions.  They 
are  but  the  incidents,  the  except w??^;  while  Ellip- 
tical Polarization,  as  the  result  of  circumstances 
so  much  more  likely  to  occur,  ought  to  be  found 
to  be  the  rule.  As  minuter  discovery  advances, 
this  fact  will  doubtless  become  generally  descried ; 
nor  even  now  is  there  want  of  suflicient  grouncl 
for  the  foregoing  assertion,  as  we  shall  show 
abundantly  under  Eeflexion  and  Refrac- 
tion. 

(5)  .  Lastly,  one  other  change  may  be  supposed 

to  be  impressed  on  a  polarized  ray  of  light,  let 

us  say,  for  purposes  of  distinctness,  a  ray  plane 
polarized.  Is  it  not  possible  that  such  a  ray  mav 
under  certain  circumstances,  constantly  "chan'f/a 
its  plane?  Or,  that  instead  of  proceeding  on- 
wards like  a  straight  flat  rod,  it  may,  as  it  passes 
through  certam  media,  take  on  the"forni  of  a  fiat 
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rod,  twisted  like  a  cork-screw, —  or  into  the  shape 
of  a  spiral  staircase?  The  extraordinary  pbeno- 
nicnon  now  referred  to  is  a  real  one,  and  seems 
reducible  to  the  foregoing  geometrical  conditions. 
It  is  tlie  plienomenon  termed  Rolatoi-y  Polariza- 
tion, or,  as  is  preferable,  the  Rotation  of  the  Plane 
of  Polarization.  It  is  clear  that  a  change  of  this 
sort  is  altogether  distinguishable  from  Circular 
Polarization,  although  some  writers  have  chosen 
to  treat  it  under  that  head, — nor  is  it  to  be  denied 
that  hy  an  analytical  artifice  the  two  changes 
may  in  so  far  be  assimilated.  The  essential  dis- 
tinction is  this:  in  Rotatory  Polarization  the 
vibrations  are  plane,  but  the  plane  of  the  wave 
has  become  a  twisted  surface ;  while  the  vibra- 
tions are  themselves  circular  in  the  other  case, 
and  there  is  no  plane  of  polarization.  The  facts 
that  led  to  a  suspicion  of  the  existence  of  such 
a  change,  were,  we  believe,  first  noticed  by  M. 
Arago.  The  subject  has  been  cultivated  by  many 
distinguished  inquii-ers :  but  it  is  due  to  M.  Biot 
to  distinguish  him  from  all  othei's ;  for  to  him  is 
owing  that  continuous  and  successful  series  of 
efforts  to  convert  the  phenomena  now  referred  to, 
into  a  key  to  the  molecular  or  chemical  constitu- 
tion of  solutions.  See  especially  his  Memoir 
reprinted  in  the  Massrs.  Taylor's  Repertory. 

Such,  in  outline,  the  Theoretical  view  taken  by 
the  Undulatory  Hypothesrs,  of  the  immense,  com- 
plex, and  distinctive  class  of  phenomena,  ranged 
under  the  term  Polarized  Light.  That,  in  our 
present  condition  of  laiowledge,  this  theory  is 
encumbered  and  obstructed  by  ditficulties,  may 
well  be  conceded :  the  Modern  Analysis  with  all 
its  grasp  is  unequal  to  the  requirements  of  the 
problems  that  ever  and  anon  come  up ;  and  over 
the  intimate  or  molecular  causes  of  the  changes 
supposed  to  be  impressed  upon  the  mode  of 
vibration,  a  profound  obscurity — in  some  cases 
probably  impenetrable — still  hangs.  But  not- 
withstanding these  ditficulties,  how  wonderful  its 
triumphs,  and  eflfected  by  how  simple  means! 
The  foregoing  few  hypotheses  have  been  capable 
of  grasping  and  grouping  a  multitude  of  phe- 
nomena such  as  never  have  been  brought  within 
the  power  of  any  individual  Principle  since  the 
discovery  of  the  Law  of  Gravitation.  If  it 
must  be  acknowledged,  that,  even  in  presence  of 
these  triumphs,  an  air  of  unsubstantiality  con-^ 
tinucs  to  overshadow  these  curious  and  ethereal 
subsumptions— a  degree  of  artificiality  not  alto- 
gether agreeable  in  solid  physical  science;  no 
doubt  need  be  entertained  that,  however  liypo- 
thetical  their  form,  they  nnist  be  the  precursors 
of  mighty  and  unshakeable  Truths.  Even  wlien 
wo  shall  ha^•c  entered  the  Temple,  we  shall 
assuredly  never  forget  the  services  that  con- 
ducted us  to  its  Threshold. 

IV.  EvoLurioN  oi-  Colours  by  theTreat- 
MKNT  OF  PoLAUiZKi)  LioiiT — The  subject  on 
which  we  now  briefly  enter  may  be  termed  m 
one  respect  a  special  one— t.  e.,  its  results  are  no 
part  of  the  general  tlitory  of  polarization,  they 
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merely  follow  from  it ;  but  whether  it  be  con- 
sidered in  reference  to  the  variety  and  bril- 
liancj'  of  these  results,  or  the  light  it  has  thrown 
and  is  destined  to  throw  on  the  remotest  physical 
inquiries,  it  is  second  in  interest  to  no  special 
department  of  Inquiry  within  the  entire  range  of 
science.  Unfortunately  we  cannot  do  more  than 
advert  in  the  most  cursory  way  to  the  phenomena 
themselves,  and  the  rationale  of  their  production. 
The  phenomena  are  simply  as  follows  : — A  Po- 
LARiscoPE  (y.  v.),  as  is  well  known,  consists  of  a 
polarizing  crystal  or  plate,  and  an  analyzing  ap- 
paratus. The  latter  is  always  so  fitted  that  it  may 
be  turned  round  on  its  axis,  so  that — as  in  tin 
case  of  the  plate  of  tourmaline,  described  at  th- 
opening  of  this  article — the  opposite  effects  oi 
the  polarized  ray,  springing  out  of  the  differem 
positions  of  that  axis,  may  become  visible.  Ii 
in  such  an  instrument  a  thin  film  of  any  doubly 
refracting  crystal  be  placed  between  these  tv,. 
plates,  the  eye  directed  through  the  analyzer  imme- 
diately descries  the  most  remarkable  display  i  ' 
colours — systems  of  prismatic  rings  of  greater  c  r 
less  intricacy — crosses,  bright  and  dark — and  tli 
most  curious  inversions  of  these  systems  wht;: 
the  analyzer  is  rotated.  These  coloured  systeni- 
vaiy  with  the  species  of  crj'stal  interposed,  clearly 
depending  on  the  nature  of  that  crystal ;  and  they 
also  vary  with  the  form  in  which  the  light  that 
passes  through  it  has  become  polarized.  They 
are  descriptions  in  fact,  in  language  the  mo>: 
gorgeous,  of  large  classes  of  phenomena  an  . 
forces,  that  are  not  at  present  revealed  in  an;, 
other  manner.  The  student  must  go  for  detail 
on  this  engrossing  subject  to  works  on  optics — 
we  have  already  often  specified  Sir  David  Brew- 
ster's :  but,  better  still,  let  him  experiment  for 
himself,  having  procured  so  efi'ective,  pleasant, 
and  cheap  an  mstrumcnt  as  that  at  present  made 
by  Mr.  James  Bryson,  Optician,  Edinburgh. 
The  rationale  of  the  evolution  of  these  phe 
nomena  is  very  simple,  and  will  become  paly 
able  by  aid  of  the  subjoined  diagram,  co])ii'. 
fi-om  the  instructive  posthumous  work  by  Di. 
Pereira. 


FlR.  5. 

In  the  foregoing  an-angement  b  is  a  polariz- 
ing plate  of  tourmaline  and  G  the  analyzer;— 
a  doublv  refracting  prism  capable  of  being  ro- 
tated on  its  axis,  d  is  the  thin  film  of  crystal, 
sometimes  called  the  dcpohrizing  plate  for  rea- 
sons that  will  be  innnediately  obvious.  Let  us 
now  trace  the  progress  of  a  ray  of  common  li 
A  as  it  passes  through  this  aiTangcmcnt. 
emerging  from  the  tourmaline  B,  lliat  ray 
of  course  be  found  converted  into  another  ray, 
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■  at  is  plane-polarized.    This  plane-polarized 

entera  the  doubh- refracting  lihn  of  crystal 
;  from  which  it  issues  doubly  refracted;  i.e., 
jvirated  into  two  rays  o  and  e  (the  ordinary 
md  extraordinary),  polarized  at  right  angles  to 
;!ch  other — one  of  which,  the  ray  e,  is  found  to 
!;\ve  lagged  behind  the  other,  in  virtue  of  a 
;  inciple  already  adverted  to  under  Interfer- 
NCE.    They  come  out  therefore  in  different 
liases  of  vibration,  as  well  as  oppositeh'  polar- 
jd.    These  two  rays  on  passing  through  the 
iiialyzer  G  are  again  divided,  each  into  two, 
\z.,  the  ray  e  into  e  o  and  e  e,  and  the  ray  o  iuto 
)  and  o  «.  Now,  as  represented  in  the  diagram, 
)  and  o  0  will  emerge  together,  while  e  e  and 
emerge  together ;  and  as  may  also  be  readily 
iced  E  0  and  o  o  are  polarized  in  the  same  plane, 
iiile  E  e  and  o  e  are  also  both  polarized  in  the 
a  me  plane ;  but  the  one  set  at  right  angles  to  the 
ilier  set    Now  as  the  two  vibrations  that  are  in 
he  same  plane  are  not  in  the  same  phase  (be- 
ause  of  the  principle  of  lagging  or  retardation 
ist  spoken  of),  they  will  interfere,  and  therefore 
-  the  necessary  result  of  interference  of  rays 
ilarized  in  the  same  plane,  they  imisl  produce 
olour.  But,  besides,  the  two  systems  are  in  dif- 
;rent  states — the  vibrations  in  the  one  plane 
ispiring,  while  those  in  the  other  are  opposed. 
hence,  the  colour  evolved  by  the  one  set  of  in- 
;iferences  must  be  complementary  to  the  colours 
volved  by  the  other  set    Suppose,  then,  that 
analyzer  is  a  tourmaline,  it  is  manifest  that 
iring  its  rotation  we  shall  have  the  evolution 
f  two  sets  of  colours  produced  bj'  interference, 
lat  are  exactly  complementarj'  to  each  other, 
he  student  is  further  referred  to  the  lectures  of 
ereira. 

V.  Polarization  by  the  Atmosphere. 
-One  other  point  demands  a  passing  notice  ;  un- 
uestionably  a  much  more  important  one  than  it 
i-t  appears.  As  the  light  of  the  sun  is  reflected 
jwards  us  by  the  atmosphere  at  all  varieties 
['  angles,  it  is  clear  that  this  atmospheric  or 
idirect  light,  ouglit  to  reach  us  in  all  stages  of 
'larization — stages  passing  from  a  maximum  to 
ininimum — according  to  the  angle  of  its  reflexion, 
he  subject  early  attracted  the  notice  of  Arago, 
cxt  of  Babinet,  and  its  entire  erripirical  laws 
ave  recently  been  laid  down  by  Sir  David 
rewster.  The  laws  in  question  are  fully  re- 
I'isented  by  the  latter  philosopher  in  an  ex- 
i'^ssive  map,  in  Jolinston's  exquisite  Physical 
I'l-is.  They  are  briefly  these: — Terming,  the 
jiiit  in  the  sky  opposite  the  sun,  the  antisolar  point, 
rago  discovered  a  neutral  point,  or  a  point  of 
)  polarization,  situated  about  30°  above  the  anti- 
'lar  point.  Babinet  discovered,  in  1840,  an- 
lier  neutral  point,  about  the  same  distance  above 

■  sun.  In  1811,  Sir  David  Brewster  discovered 
■condary  neutral  point,  accompanying  Arago's, 

I'lut  12°  below  it;  and  the  same  philosopher 
IS,  more  recently,  detected  a  fourth  neutral 
|uint  hehw  the  sun,  about  16°,    These  neutral 
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points  form  the  starting  parts  of  the  map  referred 
to.  Lines  or  curves  of  equal  polarization  arc 
traced  around  them,  and  all  the  phenomena  of 
atmospheric  polarization  clearly  depicted.  Sir 
David  has  added  valuable  explanations  and 
empirical  formulEB  to  this  map.  See  Johnston's 
Atlas. — No  evidence  j'Ct  exists  whether  this  ac- 
tion of  the  atmosphere  is  influential  over  the 
economy  of  our  globe. 

VL  Other  phenomena  connected  with  polariza- 
tion are  amply  treated  in  various  portions  of  this 
volume,  especiall}'-  under  Interference,  Mag  - 
netism, Eeflexion  and  Refraction,  and  TJn- 
DULATORT  THEORY.  But  with  all  these,  the 
view  given  is  extremely  meagre.  The  student 
must  supply  the  deficit  by  reference  to  special 
works,  many  of  which  have  been  mentioned  in 
the  previous  articles. 

Polars,  Theory  of.  A  method  of  Inquirj' 
in  pure  Geometry,  capable  of  being  carried  out 
very  far.  There  is  so  much  power  in  it — 
it  so  grasps  and  lays  hold  of  the  relations  of 
pure  space — that  we  think  it  advisable  to  give 
a  brief  account  of  it. — One  special  form  of 
the  theory  is  connected  with  the  circle.  Let 
Q  p  be  a  circle,  and  o  any  point;  draw  the 


line  C  H  perpendicular  to  o  o,  and  at  such  a 
distance  that  c  o  :  o  o'  =  c  The  Ime 

o'  R  is  called  the  polar  of  o :  the  point  o  is 
called  the  poh  of  the  line  o'  R.  To  find  it 
when  o'  k  is  given,  we  have  evidently  this 
inverse  process — draw  a  perpendicular  on  tlio 
line  from  c,  and  take  o  o,  so  that  c  o  c  c>' 
=  c  Q^.  To  show  the  chief  properties  of  the 
polar,  let  us  draw  any  line  through  o,  meet- 
ing the  circle  and  the  polar  in  p,  q,  r,  then 
this  line  is  harmonically  divided.  Since  co' 
c  o  =r:  c  q'^  we  have  the  proportion  c  o  :  c  q  : : 
c  Q  :  c  o',  and  hence  (vi.  6)  c  q  o  =  o  o'  q. 
Similarly,  c  P  o  =  c  o'  p.  Now,  c  q  o  = 
c  p  o,  therefore  c  o'  Q  =  c  o'  p.  Also  c  o'  r  is 
a  right  angle,  therefore  q  o'  k  =  q'  o'  k.  Hence 
(Euc.  vi.  3.  a), 

P  o'  :  Q  o'  f :  p  o  ;  Q  o 
and  p  o' ;  Q  o' : :  p  R  :  Q  R 

therefore      P  o  :  q  o  : :  p  R  :  q  it, 
therefore,  by  Euclid's  definition,  the  line  is  cut 
in  harmonic  progression.  It  will  be  clear,  that  if 
0  lie  upon  tlio  circumference — o,  and  o'  coincide, 
and  the  proposition  becomes  worthless,  gcometri- 
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cally.  If  o  be  outside  of  the  circle  we  should 
have  a  quite  similar  construction  and  proof  suited 
to  that  case. — From  this  it  will  be  easy  for  the 
reader  to  deduce. 

1°  If  any  number  of  points  on  a  right  line  be 
taken  as  poles,  then  polars,  with  respect  to  a 
given  circle,  pass  through  one  point,  the  pole  of 
the  given  line.  Thus  suppose  points  taken  on 
o'  R,  say  R — and  let  each  of  them  be  joined  with 
O — then,  since  r  q  o  p  is  cut  harmonically,  and 
since  wherever  the  polar  of  the  point  r  cuts  R  Q  p, 
it  will  cut  it  harmonically,  o  will  be  the  point 
Avhere  it  so  cuts  it.  Since  o  then  depends  op  the 
line  o'  R  and  does  not  alter  with  the  position  of 
the  varying  point  r,  the  polars  of  that  varying 
point  all  pass  through  o. — It  is  easy  to  see  that 
if  a  pair  of  tangents  be  drawn  from  a  given  point, 
the  chord  of  contact,  the  line  joining  these  points 
of  contact  will  be  the  polar  of  that  point.  Hence, 
generally,  if  from  all  points  of  a  given  line,  pairs 
of  tangents  be  drawn,  all  the  chords  of  contact 
will  pass  through  one  given  point — the  pole  of 
that  line. 

2°  If  any  number  of  right  lines  pass  through 
a  point,  the  locus  of  these  poles,  with  respect  to  a 
given  line,  is  a  right  line,  namely,  the  polar  of 
the  point.  This  one  immediately  sees,  from  the 
reciprocal  relation  of  the  pole  and  the  polar,  to 
be  the  mere  inverse  of  the  last  proposition. 

3°  If  through  a  point  a  we  draw  any  two 
chords  A  B  c,  AB'  c'  to  meet  the  circle,  and  juin 
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Fig.  2. 

B  R',  c  0',  B  c'  B'  c,  then  A  is  the  polar  of  o  o', 
o  of  A  o',  o'  of  A  0. — It  is  a  property  well  known 
in  the  theory  of  harmonic  pencils  that  ab'c' 
is  cut  harmonically — so  also  a  b  d  c.  Hence, 
the  line  oo'  cuts  these  hvo  lines  through  a  just 
as  the  polar  of  A  does,  so  that  o  o'  is  the  polar  of 
A.  Just  in  the  same  way  it  may  be  shown  tliat 
AO'  is  the  polar  of  o,  and  it  follows  from  this  by 
proposition  1°,  that  o',  tlie  intersection  of  the  two 
polars,  is  the  pole  of  the  line  A  o  upon  which  the 
two  poles  lie. 

4°  If  four  poles  lie  on  a  right  line,  these  polars 
form  a  pencil  tlie  anharmonic  ratio  of  which  is 
the  same  as  that  of  the  four  poles.— This  follows 
from  these  two  considerations :  The  fir.'it,  tliat 
the  polars  meet  in  a  point,  since  the  poles  lie  on 
a  straight  line— the  second,  tliat  .since  the  polars 
arc  perpendicular  to  the  Uncs  joining  the  poles  to 


one  fixed  point,  the  centre  of  the  circle,  the  angles  " 
which  they  coutain  are  equal  to  those  contained 
by  tliese  lines ;  and  as  the  anharmonic  ratio  of 
the  four  poles  is  expressible  in  terms  of  tiiese 
latter  angles,  it  follows  that  the  anharmonic 
ratio  of  the  polars  is  the  same  with  it. 

5°  If  a  quadrilateral  be  circumscribed  about  a 
circle,  and  an  inscribed  quadrilateral  be  formed  by 
joining  the  successive  points  of  contact,  the  dia- 
gonals of  the  two  quadrilaterals  intersect  in  the 
same  point,  forming  a  harmonic  pencil,  and 
the  third  diagonals  are  co- incident,  p  q  r  s,  ab 
c  D  are  the  quadrilaterals.  Since  s  is  the  polar 
of  A  D,  and  Q  of  b  c,  s  Q  is  the  polar  of  o'. 
Similarly  p  r  is  the  polar  of  o.  Therefore,  v  the 
intersection  of  diagonals  of  the  outer  quadrilateral 
is  the  pole  of  the  third  diagonal  of  the  inner.  But, 
as  proved  in  3° — the  pole  of  the  third  diagonal 
is  also  the  intersection  of  the  diagonals  of  the 
inner,  and  as  the  pole  of  a  definite  line  with  re- 
spect to  a  given  circle  can  only  be  one  quite  de- 
terminate point,  the  two  intersections  of  diagonals 
coincide. — Also,  since  p  b  passing  through  v,  the 
pole  of  o  o'  is  the  polar  of  o,  it  must  also  pass 
through  o',  because  (3°),  o'  V  is  the  polar  of  o. 
Also,  o  is  the  pole  of  s  q.  Hence,  the  lines  a  d  o', 
b  c  O'  are  cut  harmonically,  and  the  lines  at  v 
make  a  harmonic  pencil  Also  the  points  x,  z 


Fig.  3. 


are  poles  of  a  c,  b  d  respectively,  and  therefore, 
X  z  is  the  polar  of  v.  But  so  also  is  o  o'. 
Hence,  x  z  o  o'  is  a  straight  line,  seeing  that  any 
given  point  has  with  reference  to  a  given  circle  a 
determinate  polar  line.  It  merely  expresses  that 
X  o'  z  o  is  the  polar  of  v,  to  say  that  a  line,  say 
c  V  through  v  and  the  centre  c  would  be  perpen- 
dicular to  it,  and  if  it  meets  it  in  V  that  c;  v 
c  V  =  the  square  of  the  radius.  —  "We  have 
given  enough  to  suggest  the  processes,  and  to 
supply  the  chief  principles  of  the  piu-ely  geo- 
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ictric  method  of  polars.  What  follows  is  in  ex- 
■nsioii  of  that  to  the  ordinary  conies.  One  pro- 
ly  of  the  polar  we  saw  to  be  that  for  points 
:hout  the  circle,  they  coincide  with  the  chords 
l  ontact  of  tangents  to  the  circle.  Suppose  we 
;ine  the  polar  of  points  outside  of  any  conic 
■ction  to  be  similarly  the  chord  of  contact, 
his  would  hold  with  reference  to  any  point  out- 
ile ;  but  a,  more  general  definition  is  required, 
iven  any  point  o'  let  it  be  joined  with  the  centre 
the  conic  o,  and  c  o'  taken  in  it  so  that  c  o, 
0'  shall  be  equal  to  the  square  of  the  seiuicon- 
1  gate  diameter;  and  through  o'leta  linebe  drawn 
irallel  to  this  semiconjugate  diameter — then  it 
ill  be  found  that  this  line  has  quite  similar 
roperties  with  respect  to  o  as  the  polar  line  has 
ith  respect  to  the  pole  in  the  case  of  the  circle. 
I'e  call  the  point  and  the  line  mutually  pole 
I'l  polar  with  respect  to  the  conic.  It  was 
ear  in  the  circle  that  the  polar  is  always  per- 
;ndicular  to  the  diameter  at  whose  extremity  it 
— that  is,  parallel  to  the  semiconjugate  diamp- 
r.  We  see  this  same  to  hold  here,  Anah'ti- 
illy  the  expression  is  the  same  for  the  chord  of 
ntact  and  the  polar,  the  co-ordinates  of  the 
)le  being  substituted  for  the  co-ordinates  of  the 
lint  through  which  the  tangent  passes.  This 
cures,  as  the  analytical  reader  will  readily  see,  the 
irallelism  of  the  chord  of  contact  and  the  polar. 
-Two  propositions  with  respect  to  the  polars  in 
icles  which  are  more  readily  proved  by  analyti- 
il  than  geometrical  principles,  we  merelj^  state. 
-1°.  Given  any  two  points  A  b  and  their  polars, 
c  be  the  centre  of  the  circle,  then  c  a:  c  b  in  the 
verse  ratio  of  the  perpendiculars  let  fall  from  each 
lint  on  alternate  polars.  2°.  Given  a  circle  and 
triangle  a  b  c,  if  the  polars  of  a'  b'  c'  be  taken 
'  B  c,  &c.,  then  a  a',  b  b',  c  C  will  pass  through 
■  pomt.  We  can  readily  prove  the  same  pro- 
ition  as  1°  with  respect  to  the  polar  of  a  point 
in  general — that  if  o  r'  R  R"  be  drawn,  any 
le  intersecting  the  conic,  the  polar  and  the  conic 
iccessively,  it  will  be  harmonically  divided, 
e  have  also  the  same  proportion  as  3°,  in  gen- 
al,  for  any  conic.  These  are  the  principal 
leorems  which  we  think  it  necessary  to  state 
ith  respect  to  direct  polars.  But  there  is  a 
othod  of  obtaining  from  every  polar  theorem  an 
iverse  theorem,  which  serves  as  a  means  of  dis- 
)very  of  problems.  Let  o  be  a  given  point — the 
;ntre  of  a  circle,  not  described  in  the  figure — and 
t  s  p  p'  8  be  a  curve  in  any  way  connected  with 
.  Then  draw  o  perpendicular  to  any  tangent 
T,  and  so  that  ot,  is  equal  to  the  square  of 
e  radius.  A  curve  spp' s  will  evidently  be  de- 
ribed  by  the  extremities  73,  in  which  each  point 
corresponds  to  one  of  the  given  ones  p.  Still 
'ire  generally,  had  not  a  circle  but  a  conic  been 
t  down  as  the  curve  of  reference,  and  the  polar 
p  been  described,  or  rather  the  successive  points 
through  which  it  is  constructed,  obtained,  we 
oiild  have  had  a  different  curve — varying  with 
species  and  particular  description  o£  conic — 
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for  the  reciprocal.  The  circle  is  most  gencrnlly 
chosen.    In  the  general  case,  however,  we  can 


show  what  the  properties  are  in  which  the  reci- 
procity consists  Suppose  p  p',  pp'  to  be  corre- 
sponding points,  then,  by  definition  p  is  pole  of 
the  tangent  p  q,  and  p'  of  p'  q.  Hence  pp'  is  the 
t)olar  of  Q.  Let  these  points  ft' pp'  come  as 
nearly  as  possible  to  coincide,  then  pp'  will  be- 
some  the  tangent  at  p,  q  wLU  come  to  coincide 
with  p.  Hence  in  the  limit  we  have  p  the  pole 
of  the  tangent  at  p.  Therefore,  generallj-,  any 
point  in  the  one  cui-ve — and  that  either  of  them 
— has  its  polar  or  tangent  to  the  other,  and  vice 
versa. — The  reciprocal  theorems  are  obtained,  in 
fact,  in  this  way — if  we  have  given  in  any  state  - 
ment  of  certain  poles  lying  on  a  right  line — wo 
know  that  those  polars  meet  in  a  point.  Taking 
this  as  ex:ample,  we  see  that  in  many  cases  data 
with  respect  to  the  one  set  of  points — considered 
as  poles,  will  furnish  information  with  respect  to 
the  other  considered  as  tangents.  Thus  the  fol- 
lowing theorem  is  called  Pascals.  If  a  hexagon 
be  inscribed  in  a  conic,  the  intersections  of  its 
opposite  sides  lie  along  a  right  line.  Take  the 
reciprocal  polar  conic— with  respect  to  any  curve 
of  reference  —  and  take  the  polar  corresponding 
to  the  angular  points  of  the  hexagon.  In  fact, 
interchange  lines  for  points  and  points  for  lines, 
and  we  find  this  theorem — if  a  hexagon  be  cir- 
cumscribed about  a  circle  its  successive  diagonal, 
through  opposite  angles,  meet  in  a  point  This  is 
called  Brianchon's  theorem.  This  method,  after 
a  little  application  and  use,  will  come  to  consist 
in  the  mere  mechanical  substitution  of  point  for 
line,  inscribed  for  circumscribed,  envelope  for 
locus,  &c.,  and  vice  versa.  Thus  to  write  down 
only  other  two  theorems. — If  two  vertices  of  a 
triangle  move  along  fixed  right  lines,  wliile  the 
sides  pass  each  through  a  fixed  point,  the  locus 
of  the  third  vertex  is  a  conic  section.  The  reci- 
procal theorem  is  seen  to  be  this : — If  two  sides 
of  a  triangle  pass  through  fixed  points  while  the 
vertices  move  on  fixed  right  lines,  the  envelope  of 
the  third  side  is  a  conic  section.  It  is  easy  to 
sliow  that  if  two  conies  touch,  these  reciprocals 
also  will  touch, — if  there  be  double  contact, 
there  will  be  the  saTUO  in  the  reciprocals.  We 
fear  it  is  impossible  liero  to  give  any  further  de- 
velonraents  of  tlie  theory.  The  reader  is  referred 
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to  I\Iulcahy's  Modern  Geometry  for  the  purely 
(•geometrical  applications,  and  especially  to  Mr. 
Salmon's  Conic  Sections,  and  the  admirable  chap- 
ter upon  Reciprocal  Polars  in  that  work. 

Polar  Triangle.  See  Tkigosometry, 
SrniiRicAL. 

l*oIe.  A  word  originally  meaning  a  turning 
point.  Hence  it  came  to  signify  the  extremities 
of  the  axis  upon  which  the  earth  turns  round  in 
its  diurnal  motion.  When  transferred  to  the 
lieavens,  it  came  to  mean  the  points  round  which 
they  seem  to  turn— the  two  diametrically  op- 
posite points,  that  remain  unmoved  in  the  gene- 
ral motion  of  all  around— the  points  in  fact,  where 
the  production  of  the  axis  of  the  earth  cuts  the 
celestial  sphere.  In  transferring  the  term  to  any 
spherical  body  under  rotation,  or  considered  as 
possibly  under  rotation,  it  is  evident  that  the 
two  points,  where  the  axis  cuts  the  spherical 
surface,  would  necessarily  be  chosen.  The  terra, 
however,  has  come  to  have  a  still  wider  meaning 
— and  now  signifies  almost  any  point  of  direc- 
tion that  may  be  mentioned.  In  co-ordinate 
geometry,  the  pole  is  the  origin — or  point  of 
primary  reference — and  this  is  the  use  to  which 
the  term  is  generally  put.  The  sciences  of  optics, 
magnetism,  light,  &c.,  all  have  their  poles ;  and 
in  them  generally,  this  meaning,  as  the  point  of 
primary  reference — the  point  where  the  most 
noticeable  effect  is  produced  or  such  like,  pre- 
vails.   See  Polarity. 

Pole  Star.  That  one  of  the  stars  visible  to 
us  which  is  not  affected  by  the  diurnal  apparent 
motion  of  the  heavens,  is,  m  accordance  with  the 
definition  of  the  Pole,  called  the  Pole  Star.  It 
is  that  star  which  the  produced  axis  of  the 
earth  would  reach,  in  the  visible  heavens.  In 
the  hemisphere  beneath  our  horizon  there  will 
be  another  Pole  Star ;  of  course  Ave  do  not  see 
it.  No  bright  star  is  in  the  exact  continua- 
tion of  the  line  of  the  earth's  axis  at  present. 
The  point  of  the  pole,  besides,  does  not  remain 
stationary  in  the  heavens  (Precession,  Nu- 
tation.) Hence  it  is  usual  to  call  a  bright 
star  near  the  Pole,  which  therefore  does  move  in  a 
very  small  diurnal  cbcle  round  it,  the  Pole  Star. 

The  actual  Pole  Star  is  one  in  the  constellation  

Ursa  Minor  (jj.  v.)  This  will  not  remain  alway.s 
so,  because  of  the  shifting  of  the  pole  itself,  but  it 
will  be  so  sensibly  for  a  very  long  period. 

Poliiymiiia.  An  Astcriod  discovered  in 
November,  1854. 

Pollisx.  One  of  the  parts  of  the  constella- 
tion Gemini  (y.  v.)  The  other  is  Castor ;  and 
the  constellation  is  sometimes  called  instead. 
Castor  and  Pollux. 

Pomona.  One  of  the  Asteriods  discovered 
in  November,  185'1. 

Pores.  Interstices  in  bodies  between  their 
constituent  particles,  where  no  matter  is  supposed 
to  exist  or  only  air  through  its  intei-peuetration. 
Some  bodies,  such  as  sponges,  possess  great  por- 
osity.   The  compressibility  is  nearly  in  the  in- 
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verse  ratio  of  the  porositj'.  The  metals  have 
but  few  pores.  In  animated  bemgs,  pores  are 
the  instruments  of  the  processes  of  exhalation 
and  absorption. 

Porisiu.  A  name  given  to  a  remarkable  class 
of  propositions  in  the  ancient  geometiy,  whose  na- 
ture long  continued  enigmatical  in  modem  times, 
and  which,  even  yet,  remains  to  a  large  extent 
obscure.  The  great  work  upon  the  subject  seems 
to  have  been  a  special  treatise  by  EucUd,  the  onlv 
relics  of  which  are  contained  in  the  description 
given  by  Pappus  Alexandrinus.  The  object  of 
Pappus,  however,  having  been  to  give  a  sum- 
mary and  not  an  exposition  of  the  Greek  geo- 
metry', he  wrote  so  briefly,  that  although  his 
account  may  have  been  perfectly  intelligible 
to  those  who  knew  what  a  Porism  meant,  it 
was  quite  a  riddle  to  mathematicians  after  the 
signification  of  the  Poiism  had  been  forgotten 
and  wholly  lost.  The  entire  chapter  of  Pappus 
is  most  tantalizing.  He  begins  by  speaking  of 
Euclid's  work  as  "  Collectio  arltjiciosissima  mul- 
tarum  rerum  qua:  spectant  ad  anahjsin  difficiliorum 
et  generalium  problematum ; ' '  but  on  his  pro- 
ceeding to  state  what  a  Porism  is,  and  to  illus- 
trate his  definition  by  the  enunciation  of  thirty 
separate  instances  (unfortunately  unaccompanied 
by  diagi'ams),  we  find  ourselves  within  a  maze 
of  vagueness  and  perplexity'.  Few  acuter  men 
have  lived  than  Dr.  Halley,  yet,  even  he,  after 
carefully  examining  the  Greek  text,  gave  up  the 
attempt  to  unravel  the  mystery  in  despair.  Be- 
fore his  time  indeed,  a  certain  but  very  imperfect 
light  had  been  thrown  upon  the  subject  by  the 
illustrious  Fermat ;  but  the  conclusions  at  which 
that  geometer  had  arrived,  were  so  special  and  con- 
fined, that  the  general  nature  of  a  Porism  remained 
nearly  as  obscure  as  ever,  nor  does  he  appear 
to  have  even  suspected  that  this  class  of  problems 
required  for  its  investigation  a  peculiar  process  of 
geometrical  analysis.  The  enigma,  in  great 
measure,  j'ielded  at  last  to  the  penetration  of  Dr. 
Robert  Simson — whose  treatise  in  his  Opera 
PostJmma,  will  ever  be  cherished  as  a  gem.  The 
definition  at  which  Simson  arrived  was  the  fol- 
lowing :  "  A  porism  is  a  proposition  in  which  it 
is  proposed  to  demonstrate  that  one  or  more 
things  being  given  between  which  and  every  one 
of  innumerable  things  not  given,  but  assumed 
according  to  a  given  law,  a  certain  relation  de- 
scribed in  the  proposition  is  to  be  sliown  to  take 
place."  Even  this  definition  at  fii-st  sight  ap- 
pears somewhat  obscure;  but  it  is  so  chicfiy  from 
its  generality.  Simson  restored  the  right  analy- 
sis and  detected  the  meaning  of  six  of  tlie  special 
enunciations  of  Pappus.  Simson's  treatise  being 
now  difficult  of  access,  the  student  is  referred  to 
a  dissertation  by  Professor  Playfair  in  the  Tran^- 
ac/io!i)<  of  the  Royal  Society  of  Edinburgh,  and 
rejirinted  among  his  miscellaneous  works.  This 
essay  is  distinguished  by  the  remarkable  lucid- 
ity characterizing  all  the  writings  of  Playfair  ;i 
but  it  may  be  questioned  whether  the  diilicult 
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:  subject  is  exhausted  bj'  it.    It  is  tlie 
.  conception  of  Playfair,  tliat  Porisms  arose  neces 
:  sarily  out  of  the  logical  completeness  which  the 
.  ancient  geometers  sought  to  bestow  on  every  pro- 
!  blem  undertaken  by  them.    A  partial  solution 
'  was  not  held  satisfactory, — that  is,  a  solution 
:  for  merely  one  condition  or  relation  of  the  data. 
'  The  solution  obtained  for  one  state  of  these  data, 
;  they  inquired  what  would  occur  were  these  data 
related  to  each  other  in  all  conceivable  ways,  and 
in  course  of  this  inquiry,  they  hit  upon  the 
truth,  that  there  often  were  relations  rendering 
ike  2)rohkm  indeterininate, — just  as  when  the 
value  of  two  variables  are  sought  to  be  deter- 
I  mined  by  two  equations  with  equivalent  forms 
;  and  constants.    These  indeterminate  cases  ac- 
i  cording  to  Playfair,  form  the  subject-matter  of 
1  Porisms : — hence  his  definition.    "  Aporism  is  a 
:  proposition  affirming  the  possibility  of  finding 

-  such  conditions  as  will  render  a  certain  problem 
i  indeterminate  or  capable  of  innumerable  solu- 
■  tions." — That  Playfair's  \\e-w  enables  us  to  con- 
struct many  propositions  that  are  Porisms  is  un- 

I  questionable ;  nevertheless,  it  cannot  be  supposed 
:  that  anything  so  simple  and  limited  has  entirel3' 

-  surveyed  a  field,  the  culture  of  which  the  Greek 
-geometers  considered  so  very  important.  Upon 
;.  the  whole,  it  is  safest  at  present  to  adopt  the 
M  sentiments  of  Chasles,  "  a  thick  veil  still  covers 
:ithe  doctrine  of  Porisms;  for,  independently  of 
;!  the  twenty-four  enimciations  of  Pappus  to  which 
"(we  can  as  yet  attach  no  meaning,  we  require 

to  know  the  reason  of  the  mmsual  form  of 
.these  propositions,  the  whole  idea  on  which  they 
nrepose,  their  nature  or  mathematical  character, 
tithe  reason  of  their  alleged  eminent  utility  in 
tithe  art  of  geometry,  and  the  transformations 
•which  this  doctrine  has  subsequently  undergone, 
*80  that  it  penetrates — unknown  to  us — among 
nmodem  methods."    Were  we  to  rest  with  Play- 
fifair's  idea,  we  should  find  the  subject  of  Porisms 
ti  entirely  included  witliin  the  modern  doctrines  of 
'  Continuity,  Correlation,  and  Deformation ;  but  as 
wwe  have  said,  it  probably  extends  much  farther. 
The  time,  however,  seems  to  have  come  when  a 
■ometer  with  suitable  knowledge  and  tastes, 
■light  achieve  new  triumphs  in  this  special  and 
iJiost  interesting  region  of  inquiry. — We  cannot 
niit  a  tribute  to  tiie  labours  of  Mr.  Babbage. 
is  desired  to  discover  the  connection  between  the 
uicient  analysis  applied  to  Porisms,  and  some 
iriethod  of  the  modern  analysis  ;  and  he  found 
I':  link  in  a  favourite  subject  of  his  own,  the 
'Ijject  of  functional  equations  chielly  of  the 
ticriodic  class.    This  remarkable  memoir  will  be 
'  iiind  in  Transactions  of  Edinburgh  Ko}'al  So- 
• -ly,  vol.  ix. 

**o»ifion  (Angle  of).    The  angle  whicli 
"3  line  between  two  stars  makes  with  any 
I'xed  line — usually  with  a  circle  of  declination. 

Potviitial  liliici-jtr  is  the  capacity  for  per- 
foming  work  possessed  by  a  body,  in  virtue  of 
'he  forces  everted  either  between  its  parts  or 
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between  it  and  other  bodies,  and  is  called  "  po- 
tential," to  distinguish  it  from  Actual  Enerrjt/, 
which  is  the  capacity  for  performing  work  pos- 
sessed by  a  body  in  virtue  of  the  condition  of  each 
of  its  parts  independently  of  the  others.  Heat, 
light,  electric  currents,  and  the  vis-viva  of  a  mov- 
ing body,  are  examples  of  actual  energy.    As  an 
example  of  potential  energy,  due  to  a  force  ex- 
erted between  two  bodies,  we  may  take  the  case 
of  a  mass  suspended  at  a  given  height  above  the 
earth's  surface ;  that  mass,  in  consequence  of  the 
attraction  between  it  and  the  earth,  possesses 
potential  energy  or  capacity  for  performing  work 
to  the  amount  expressed  hy  the  product  of  its 
weight  into  the  height  at  which  it  is  suspended. 
As  an  example  of  potential  energy  due  to  the 
forces  exerted  between  the  parts  of  a  body,  we 
may  take  the  case  of  a  bent  spring,  which  pos- 
sesses potential  energy  to  the  amount  expressed 
by  the  product  of  the  mean  elastic  force  which 
would  be  exerted  in  the  act  of  unbending,  into 
the  distance  through  which  such  force  would  act. 
See  Machine,  ante;  also  the  following  papers,  in 
which  the  terms  "  Actual  Energy"  and  "  Poten- 
tial Energy"  were  first  introduced : — Rankine  on 
the  General  Law  of  Transformation  of  Energy, 
Phil.  Mag.,  Feb.,  1853  ;  Eankine  on  the /S'cie?2ce 
of  Energetics,  Edinburgh  Philosophical  Journal, 
1855.    So  far  as  the  works  of  Aristotle  can  at 
the  present  day  be  made  intelligible,  it  appears 
that  the  term  luvccjui;  may  be  translated  by 
"  potential  energy,"  and  the  famous  word  evteX- 
ipC'->«'  (so  long  a  mystery  to  commentators),  by 
"  actual  energy." 

Potential  Function,  or  simply  Potential, 
is  a  function  of  the  masses  of  a  body  or  system 
of  bodies,  and  of  the  position  of  such  body  or 
system  relatively  to  a  given  point,  of  such  a  na- 
ture that  the  component  parallel  to  a  given  direc- 
tion of  the  attraction  or  repiUsion  of  the  body  or 
system  upon  a  particle  of  the  mass  unity,  situated 
at  the  given  point,  is  the  differential,  co-efficient 
of  the  potential  relatively  to  an  ordinate  measured 
along  the  given  direction;  or,  in  other  words,  the 
rate  of  variation  of  the  potential  along  the  given 
direction.  I'o  express  this  symbolically:  let  i- 
denote  the  potential  of  the  attracting  or  repelling 
body  or  bodies  relatively  to  a  given  point  o,  at 
which  point  let  a  particle  of  the  mass  unity  be 
situated ;  through  o,  in  any  direction,  conceive  a 
straight  line,  o  x,  to  pass ;  take  a  point,  p,  on 
the  line  o  x,  at  the  distance  A  x  from  o ;  let  t'  bo 
the  value  of  the  potential  for  the  point  p;  then 
must  tlie  potential  be  a  function  such,  that  the 
limit  towards  which  the  quantity 

T'  T 

Ax 

converges,  as  the  pomt  p  is  brought  nearer  and 
nearer  to  o  (a  limit  denoted  symbolically  by 

(X  (C  J 

sliall  be  the  component  in  the  direction  oa;  of  tlio 
attraction  or  repulsion  on  the  unit  of  mass  at  o. 
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If  three  axes  at  right  angles  to  each  other,  ox, 
ii2/,oz,  be  conceived  to  pass  through  o,  theu  will 
dT     dT  dT 

dx     dy  dz 
in  like  manner,  be  the  three  components  of  the 
attraction  or  repulsion  on  the  unit  of  mass  at  o 
along  those  tliree  axes;  so  that  the  whole  or 
resultant  attraction  or  repulsion  will  be 


and  the  cosines  of  the  angles  made  by  that  result- 
ant with  the  three  axes  respectively  will  be 
dT    dx  dT 

dx  dy  dz. 
— >    — )  — 

R       B  R 

It  is  evident,  that  in  order  to  fulfil  the  above  con- 
dition, the  difference  t'  —  t,  between  tlie  potential 
at  p  and  the  potential  at  o,  must  be  the  work 
which  an  unit  of  mass  is  capable  of  performing  in 
moving,  under  ihe  influence  of  the  attraction  or 
repulsion  from  o  to  p  ;  that  is  to  say,  that  differ- 
ence must  be  the  potential  energy  of  an  unit  of 
mass  at  o  relatively  to  p.  If  tlie  attraction  or 
repulsion  resists  motion  from  0  to  p,  the  differ- 
ence T'  —  T  will  be  negative.  From  these  consi- 
derations, it  appears  that  the  potential,  at  a  given 
point  0,  is  to  be  determined  iu  the  following 
manner :  conceive  an  unit  of  mass  to  start  from 
a  locality  at  which  the  attraction  or  repulsion  is 
null  (infinitely  far  off',  if  necessary),  and  to  move 
to  the  point  o.  The  work  performed  by  the 
mass  during  the  process  (increased  or  diminished 
by  a  constant  quantity,  if  convenient),  is  the  po- 
tential of  the  action  of  the  attracting  or  repelling 
bodies  on  an  unit  of  mass  at  the  point  0.  The 
potential  of  the  joint  action  of  any  number  of 
bodies  is  the  sum  of  the  potentials  of  their  sepa- 
rate actions ;  and  the  potential  of  the  whole  action 
of  a  body  is  the  sum  of  the  potentials  of  the 
actions  of  its  particles.  Hence,  to  find  the  poten- 
tial of  the  action  of  a  body  of  any  figure,  conceive 
it  to  be  divided  into  indefinitclj'  small  particles ; 
find  tlie  general  expression  of  the  potential  for  a 
single  particle,  and  integrate  this  for  the  wliole 
body.  The  potential  of  a  single  particle  is  found 
as  follows: — Let  tlie  particle  be  situated  at  m, 
and  let  m  denote  its  mass;  let  the  distance, 
M  =  rj.  Conceive  an  unit  of  mass  to  move 
from  an  infinitely  great  distance  towards  m  ;  let 
its  distance  from  m  at  any  moment  be  r;  let  the 
force  exerted  between  ?n  and  tlie  moving  unit  of 
mass  at  that  distance  be 

c  mf(r) 

where  c  is  a  constant,  aiid/(r)  a  function  of  the 
distance,  and  tlie  force  is  regarded  as  positive  if 
repulsive,  ncgalive  if  attractive.  Tlien  will  the 
work  performed  by  tlie  moving  unit  of  mass,  by 
the  time  it  has  reached  o,  be 

/<x 
/OO  dr  


and  this  is  the  potential  of  the  action  of  the  par- 
ticle m  at  sr,  on  an  unit  of  mass  at  o.  In  t!ie 
case  of  the  force  of  gravitv,  we  have 

/«— i 

cm 

and  consequentlj'  x  =   

'■i   

The  symbolical  expression  for  the  potential  of  the 
action  of  a  body  of  any  figure  on  an  unit  of  mass 
at  0  is  as  follows:  —  Conceive  the  body  to  he 
divided  into  small  particles ;  let  dy  be  the  volume 
of  any  one  of  those  particles,  g  its  density  (so 

that  the  whole  mass  of  the  body  is  j  ^  d  v),  and 

its  distance  from  o.    Then  in  the  formula  (1.), 

f  V  is  to  be  substituted  for  m,  and  the  expres- 
sion so  obtained  integrated  for  the  whole  body, 
giving  the  following  result : — 


T  = 


cZ  v...(3.) 


In  the  case  of  gravitation,  this  becomes 

T  =  c  /   — c 
J  j'l 


-dv. 


(4.) 


An  Equipotential  Surface  is  a  surface  travers- 
ing all  those  points  at  which  the  potential  of  a 
body  or  system  of  bodies,  has  some  given  value. 
It  is  everj-where  normal  to  the  direction  of  the 
resultant  force.  A  free  movmg  body,  in  pass- 
ing from  one  equipotential  surface  to  another, 
has  the  half-square  of  its  velocity  increased  or 
diminished  by  an  amount  equal  to  the  difference 
of  the  potentials,  according  as  the  second  poten- 
tial is  greater  or  less  than  the  first.  The  first 
introduction  of  the  potential  function  into  mecha- 
nical investigations  is  due  chiefly  to  Legendre, 
Lagrange,  Laplace,  and  Poisson,  who  ajiplied  it  to 
the  theory  of  gravitation.  It  was  applied  to  the 
theory  of  terrestrial  magnetism  by  Gauss.  Its 
use  was  extended  and  perfected  by  many  subse- 
quent authors,  especially  by  Green,  who  fii-st 
gave  it  its  name  of  "potential."  It  may  be 
remarked,  that  something  like  the  germ  of  the 
.idea  of  a  potential  function  is  to  be  found  in  the 
39th  and  40th  propositions  of  Newton's  Priii- 
cipia. 

Power.  A  term  equivalent  to  force,  or  rather 
to  the  origin  of  force, 

Precession  of  Equinoxes.  The  place  of 
a  star  in  the  heavens  is  determined  by  its  right 
ascension  and  declination,  or  by  its  latitude  and 
longitude.  Each  of  tliese  is  a  measurement  re- 
ferring the  place  of  the  star  to  a  point  relatively 
fixed;  so  that,  such  points  derive  their  value 
from  their  real  or  apparent  ./triZ/y  in  the  celes- 
tial spliere.  If  it  be  found  that  they  move,  the 
measurements  that  are  taken  will  have  to  bo 
retaken,  from  year  to  year;  or,  at  all  events, 
theoretical  corrections  will  have  to  be  made  upon 
them  after  we  have  discovered  the  amount  of 
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•ariation.    The  change  of  the  fixed  point  by 
loference  to  which  right  ascension  or  longitude 
.  3  measured,  is  the  source  of  what  is  termed  the 
'•precession    of   the   Equinoxes.     The  vernal 
■quinox  is  this  point ;  i.e.,  the  intersection  of 
he  equator  and  ecliptic.    Does  it  change  its 
oosition  in  the  heavens,  or  is  it  a  constant 
ooint?    It  does  alter  by  a  slow  movement  It 
,  ippears  to  travel  for  the  most  part  along  the 
vicUptic,  backwards  from  east  to  west— that  is, 
:.n  the  direction  of  apparent  diurnal  motion— 
and  so,  contrary  to  the  durection  in  which  the  sun 
..noves  in  the  ecliptic    The  equinox  is  thus 
carried  constantly  in  apparent  advance  of  the 
titars,  and  from  this  comes  the  name— Prece«- 
r>!0«  of  Equinoxes.    It  is  found  that  the  mo- 
icion  is  very  regular,  so  that  a  constant  cor- 
■erection  may  be  applied  for  it.    The  amount 
■by  which  the  point  of  the  equinox  retrogrades 
■along  the  ecliptic  is  about  0°  0'  50-10"  per 
lannum.     In  25,868  years,  the  equmox  will 
1.-50  completely  romid  the  ecliptic.    The  manifest 
.irffect  of  this  will  be  to  bring  some  of  the  fixed 
<istars  nearer  to  the  point  of  reference,  and  drive 
vBthers  farther  from  it,  as  regards  their  longi- 
;:tude :  and  as  we  employ  this  point  constantly — 
•though  it  is  a  changing  point— as  if  it  were  a 
fixed  point,  the  longitude  of  all  the  stars  must 
■seem  directly  afi'ected  by  that  change:  i.e., 
.there  must  be  an  apparent  regular  increase  of 
1  longitude  in  all  the  stars.    Taking  the  Ecliptic 
a:a3  a  fixed  circle  (although  it  is  not  so,  quite 
••accurately),  let  us  look  at  the  other  circle — 
lithe  Equinoctial.     It  may  change  its  position. 
TBut  that  change  must  indicate  some  altera- 
tion in  the  circumstances  upon  which  its  origin 
.depends.  There  must  be,  therefore,  some  motion 
of  the  pole  of  the  heavens— that  is,  some  motion 
of  the  axis  of  the  earth  to  account  for  preces- 
sion.   It  is  fovmd  that  the  change  which  would 
;i  fully  accoimt  for  precession  consists  in  the  rota- 
;  tioti  of  the  pole  of  the  equinoctial— round  what  we 
nmay  suppose,  for  the  time,  a  fixed  point — the 
:i  pole  of  the  ecliptic.    That  pole  then,  has  a  slow 
n  motion,  in  a  circular  curve,  and  -mth  a  uniform 
1  motion.     It  completes  this  in  about  25,868 
years.    It  is  evident  that  this  shifting  of  the 
pole  will,  as  long  as  we  use  it  as  the  point  of 
-  reference— that  is,  as  the  stationary  point  to 
■which  all  others  are  referred  -  cause  an  apparent 
shifting  of  all  the  heavenly  bodies  in  the  opposite 
direction.  Thus,  that  star  which  we  now  call  the 
pole  star — a  bright  one  in  Ursa  Minor,  which 
is  not  really  the  pole,  but  tlie  nearest  bright  star 
to  it,  being  distant  only  1°  24'  on  the  celestial 
sphere — is  stated  in  the  earliest  catalogues,  to 
have  been  as  many  as  12°  from  tlie  pole.  In 
about  12,000  years  the  star  «  Lyraj,  which  is 
the  brightest  in   our  Northern  HemLsplicre, 
will  be  ■\vithin  5°  of  the  pole,  and  will  then  be 
chosen  doubtless  as  the  pole  star  The  pheno- 
mena whose  general  elTects  are  now  noticed, 
'  will  be  best  understood  by  aid  of  a  furtlier 
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illustration.  The  earth  has  three  motions 
in  absolute  space.  First,  it  wheels  ronnd  tlie 
Sun  in  its  annual  orbit;  Secund/y,  revolves  on 
its  axis;  Thirdly,— a.x\A  this  is  the  conclusion 
tb  which,  as  above  explained,  the  facts  of  Pre- 
cession lead,— the  axis  of  rotation  itself  moves 
in  Space.  Observe,  in  Space;  for  tlie  axis  in 
respect  of  the  Earth  itself,  is  permanent ;  nor  do 
astronomical  phenomena  afford  any  countenance 
to  the  hypothesis  of  sliiftings  of  that  axis. 
Spin  a  tee-totum  or  a  top.  The  toy  as  it  spins 
roils  over  a  space,  as  the  Earth  around  the  Sun ; 
it  spins  on  its  axis  likewise,  as  the  Earth  round 
its  polar  axis  ;  but  the  axis  does  not  remain  up- 
right. On  the  contrary,  it  is  performing  a  regu- 
lar gvration,  one,  whose  mechanical  cause  is  subtle 
but  determinate  ;  and  the  axis  of  the  Earth  gy- 
rates in  a  similar  way ;  which  motion  represents 


exactly  the  Precession  of  the  Equinoxes,  as  de- 
duced "above.  We  cannot  avoid  referring  here 
to  tne  admirable  contrivance  by  which  Mr.  James 
Elliot  of  Edinburgh  has  succeeded  in  manifesting 
that  exact  motion  in  a  free  rotating  sphere — Let 
us  turn  next  to  the  physical  cause  of  Precession. 
If  the  Earth  had  been  a  sphere  or  perfect  globe,  , 
there  would  have  been  no  such  gyratory  motion 
of  its  axis.  It  would  have  spun  evenly  and  for 
ever,  its  axis  remaining  upright — pointing  unde- 
■natingly  through  all  ages  to  the  same  point  in 
the  sky,  as  the  Polar  Star.  The  cause  of  this 
gyration  is  solely  the  equatorial  protub&'ance  or 
bulging ;  nor  will  it  be  dilEcult  to  show  why  this 
bulging  must  so  act.  In  the  first  place,  suppose 
the  ring  or  bulging  portion  separated  from  the 
Earth,  which  would  then  be  reduced  to  a  simple 
sphere,  rotating  of  itself,  with  an  axis  permanently 
pointed  toward  the  Heavens.  Tliis  ring  may  be 
fancied  isolated  in  the  meantime,  and  its  fortunes 
traced  as  if  it  were  so  isolated.  We  may  sup- 
pose the  ring  also  not  a  continuous  mass,  but  a 
succession  of  Moons  so  close,  that  they  touch 
each  otlicr,  all  revolving  round  the  Earth  at  the 
same  time: — it  must,  of  course,  be  manifest 
that  what  befalls  one  of  these  moons,  must  befall 
them  all,  or  the  ring  they  constitute.  Now  in 
articles  Ecurans,  Lunar  Tiihohy,  it  has  been 
explained  that  the  nodes  of  the  Orbit  of  any  such 
single  moon  must  regress: — the  nodes  of  our 
own  moon  making  a  circuit  of  this  kind  around 
the  Heavens,  in  about  eighteen  years.   But  each 
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of  the  small  moons  of  which  we  have  been  speak- 
ing, must  exhibit  precisely  sncli  changes  ; — so 
therefore  must  their  total,  viz.,  this  equatorial 
ring.   This  curious  jolting  of  such  a  ring  may  also 
be  familiarly  illustrated.  Take  a  crown  piece,  and 
spin  it  on  its  edge  or  rim.    By  and  by  it  will 
fall ;  but  observe  it  for  a  sliort  time  before  it  falls. 
The  high  and  low  parts  of  the  rim  do  not  remain 
in  the  same  place,  but  pass  round  a  circle,  in  a 
regular  way,  and  the  line  of  the  middle  part  of 
the  piece  of  silver  also  turns  round  with  the 
same  regularitj' — a  line  we  would  term,  speak- 
ing scientifically,  the  line  of  nodes : — and  with 
]irecisely  the  motion  of  the  nodes  of  our  great 
Equatorial  belt  or  hooj}. — This  phenomenon  dis- 
tinctly understood,  one  step  farther  Avill  lead  us 
to  the  physical  causes  of  the  actual  Precession. 
Let  the  following  picture  be  realized — a  vast 
sphere,  a  globe  whose  uniform  diameter  is  its 
length  from  pole  to  pole,  rotating  round  a  fixed 
motionless  axis,  and  an  equatorial  girdle  rotating 
in  the  same  time  but  with  the  peculiar  jolting,  or 
nodal  motion  just  described.    Suppose  next,  that 
these  are  not  separated — that  the  girdle  of  moons 
is  not  isolated,  but  on  the  contrary,  that  it  clasjjs 
the  spherical  Earth.    What  must  ensue  ?  This 
unquestionably:  the  girdle  must,  communicate 
its  peculiar  nodal  motion  to  the  globe  it  encircles, 
and  therefore  cause  the  axis  of  that  globe  to 
gyrate  like  the  axis  of  a  top :  but,  in  communi- 
cating that  motion  to  so  vast  a  mass,  the  girdle 
must  sacrifice  its  velocity :  the  force  expended  in 
constraming  the  central  sphere  to  partake  of  that 
motion,  and  in  constraining  its  otherwise  fixed 
axis  to  gyrate,  cannot  be  exercised  unless  at  the 
expense  of  its  own  motion,  — just  as  one  ball  mov- 
ing swiftly  cannot  accelerate  a  sluggish  one,  with- 
out, b}'  the  very  act,  abandoning  a  portion  of  its  own 
superior  speed.    Now,  even  as  the  motion  of  the 
lunar  nodes  can  be  computed,  so  may  the  motion 
of  the  nodes  of  the  free  ring  be  numerically  esti- 
mated also ;  and  the  masses  of  the  ring  and  the 
interior  sphere  being  determined,  it  is  evident  that 
tlie  actual  period  of  this  motion  of  the  Earth's 
axis  or  tlie  amount  of  Precession,  may  be  deter- 
mined with  the  last  precision. — Such  the  general 
character  and  physical  origin  of  this  remarkable 
motion.    The  actual  calculation  of  its  amount, 
however,  is  not  a  little  complex.    Part  of  the 
motion  depends  on  the  influence  of  the  Sun,  part 
on  that  of  the  Moon,  and  part  on  that  of  the  ex- 
ternal bodies  acting  through  gravitation  on  the 
Earth.   The  annual  precession  depending  on  the 
Sun  and  Moon  jointlv— of  course,  by  far  the 
largest  portion— is  the  Luni-Solar  Precession- 
while  the  total  annual  entct  is  termed  the  r/craem/ 
Precession.    Still  farther,  this  precessioji,  owmg 
to  tlie  slightly  changed  relations  of  all  these 
bodies,  through  the  action  of  perturbations  (y.  ?-'■), 
is  not  the  same  from  year  to  year,  but  varies  by  a 
smaU  quantity  :  this  is  termed  the  Secular  Vari- 
ation.   The  mode  of  eliminating  this  influence 
from  the  apparent  places  of  the  Stars,  is  ex- 
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plained  under  Stabs  Corrections  for  — It  is 
impossible  to  pass  without  notice  in  this  phice 
the  remarkable  application  by  Mr.  Hopkins  of 
Cambridge  of  the  phenomena  of  Precession,  in 
elucidation  of  one  of  the  vexed  points  in  Geology ; 
the  question,  viz.,  whether  the  interior  of  our 
globe  is  solid  or  liquid,  that  is,  molten  ?  As 
stated  above,  the  solid  motion  of  the  protu- 
berant ring  is  accurateh'  calculated,  and  its  mass 
is  also  known.    Its  power  to  drag  is  thus  a  fixed 
quantity.    Now,  in  dragging  the  earth,  it  ex- 
pends, as  above,  a  certain  quantity  of  its  force ; 
and  as  the  amount  of  force  so  expended,  or  the 
actual  retardation  of  velocity  in  this  case,  is  known 
from  observation  —  (the  amount  of  Precession 
being  established  by  observatiou) — it  follows  that 
the  magnitude,  or  rather  weight  or  reaction  of 
the  body  dragged,  that  is  of  the  spherical  globe, 
must  be  deducible.    Now,  it  has  been  supposed 
to  be  indicated  by  important  geological  pheno- 
mena that  the  solid  crust  of  the  globe  is  not  more 
than  one  hundred  miles  in  tJiichiess.  Were  that  the 
case,  or  anytliing  approaching  to  it,  what  would 
be  the  eflTort  required  from  the  Equatorial  rings  ? 
Clearly  this  shell  would  slide  over  the  surface  of 
the  internal  liquid— even  were  that  liquid  viscous 

 and  although  a  certain  amount  of  friction  would 

impede  this  motion,  the  effort  required  would  still 
not  greatly  exceed  that  necessary  to  move  or 
drag  such  a  shell.  But  we  know  the  mean  or 
average  density  of  the  Earth;  and  it  clearly 
appears  that  no  shell  of  dimensions  approaching 
to  the  foregoing,  could  have  sufficient  inertia  to 
retard  the  swift  nodal  motion  of  the  Equatorial 
Pving,  so  that  it  assume  the  recognized  period  of 
Precession ;  nay,  the  shell  in  question,  must,  in 
order  that  it  promote  such  a  result,  be  at  least 
one  thousand  miles  thick.  There  is  nothing  in- 
deed in  this  inquiry  rendering  it  impossible  that 
the  globe  is  solid  throughout,  and  special  al- 
though limited  physical  objecrions  may  be  urged 
against  one  part  of  the  foi-egoing  reasoning :  but  a 
distinct  negative  certiiinly  appears  to  be  given 
by  it  to  a  "whole  class  of  geological  conceprions, 
on  grounds  vastly  more  solid  and  defensible  than 
any  that  are  alleged  to  sustain  them.— See  the 
remarkable  Memoirs  by  Mr.  Hopkins  in  Trans- 
actions of  Royal  Society ;  also  Temperatuuk. 

PrcssHVc.  A  term  taken  from  the  percep- 
tion of  the  action  of  forces  which  are  resisted  by 
muscular  power.  The  transference  of  this  to  the 
action  of  forces  in  any  case  is  natural  enough. 
It  is  only  important,  that  the  student  should  not 
conceive'  that  pressure— from  its  acting  through 
matter  in  contact  with  that  acted  on— is  any- 
thing essentially  different  from  other  forces.  It 
is  to  be  remembered  also  (see  iMPDbSF.),  that 
wherever  there  is  the  action  of  force  in  this 
direct  way— of  matter  in  contact  with  matter,  it 
is  through  pressure  acting  through  measurable 
intervals  of  time.  There  is  no  such  thing  pos- 
sible in  renivi  naturd  as  the  action  of  an  instan- 
taneous force. 


686 


PRI 

Pi-iiunm  ITIobilc.  The  name  given,  in 
■  ancient  Ptolemaic  system,  to  tlie  imaginary 

pliere  wliicli  carried  all  the  heavenly  bodies 

ound  upon  it  and  along  with  it. 

Prism.  A  prism  is  any  transparent  medium 
:  f  a  triangular  shape,  as  below.    Such  a  confor- 


naation  has  the  effect  upon  rays  of  light  passing 
ihrough  it,  of  subjecting  them  to  two  refrac- 
Kions,  and  therefore  of  manifesting  the  dispersing 
riffects  of  refraction  in  a  very  high  degree.  For 
-astance,  the  intrant  ray  i  n,  after  being  first 
•Bfracted  and  transmitted  along  the  line  n  n',  is 
-gain  refracted  in  the  opposite  direction,  and 
:<hen  emitted,  pursues  the  path  n'  e.    If  dis- 
lersion  depends  on  difference  of  refrangibility,  the 
rirism  is  therefore  a  potent  means  of  dispersing 
:  r  separating  the  various  rays  of  which  the  sheaf 
:  r  beam  of  ordinary  light  is  composed.  Hence 
;  has  always  been  employed  to  analyze  ordi- 
lary  light,  or  to  divide  it  into  its  differently 
bloured  rays.    The  angle  formed  by  the  intrant 
nd  emitted  beams,  or  the  supplement  of  the 
ngle  N  o  N',  is  called  the  angle  of  deviation.  This 
L>istrument  has  many  other  uses. 

Prism,  Nicol's.    A  most  valuable  ana- 
?.-zer  of  polarized  light,  and  also  an  excellent 
lolarizer.    Take  a  rhomb  of  Iceland  spar,  be- 
tween a  half-inch  and  an  inch  in  length,  and 
;nthin  a  quarter  of  an  inch  of  breadth;  cut 
■  into  two,  along  a  plane  perpendicular  to  the 
iilane  of  the  larger  diagonal  of  the  base,  and 
■■assing  through  the  obtuse  angled  corners ;  then 
cunitc  these  two  halves  in  the  same  order  by 
i-anada  balsam,— that  is  a  Nicol's  prism.  The 
^rfect  transparency  of  this  little  apparatus,  gives 
an  inappreciable  value  in  many  researches 
■igarding  polarized  light. 

I  Probabiliiie<i.  In  this  article  we  shall  as- 
Time,  a.s  already  known,  tliose  principles  of  the 
leory  of  Combinations  which  are  exhibited  under 

' 'ERJUJTATION. 

!  I-  In  games  of  chance,  such  as  that  depending 
I  drawing  from  fifty- two  cards,  one  with  a 
lecial  mark,  the  condition  of  the  question  points 
>t  several  hypotheses  as  to  what  will  occur,  as 
lually  probable  before  the  event.  If  the  cards 
i  arranged  inside  of  a  box  in  a  manner  quite 
vT^"'  '^'■'■^"gementsmay  be  readilv  conceived 
■nich  will  make  it  almost  impossible",  or  highly 
iprobable,  tliat  some  particular  card  should  be 
-a^vn.  But  in  total  ignorance  of  tliese  arrange- 
<^nt.s,  the  hypothesis  that  any  one  given  card 
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will  come  out,  has  just  the  same  likelihood,  to  us, 
as  the  hypothesis  that  any  other  will  come  out.  As 
regards  our  knowledge,  then,  there  are  fifty-two 
different  results,  all  equally  probable.  Suppose 
we  represent  certainty  by  1,  then  clearly  the 
chance,  or  measure  of  a  priori  probability,  that 
any  given  card  come  out,  would  be  measured  by 
one  fifty-second  part  of  what  measures  certainty, 
or,  on  the  scale  supposed,  by  — Suppose  an 
urn  to  be  known  to  contain  15  black  and  20 
white  baUs.  Then  the  chance  for  any  one  marked 

ball  being  drawn  is  evidently  j — —  —  ~ 
^  20  -f  15  35 

The  chance,  however,  for  a  black  ball  being 
di-awn  will  clearly  be  the  sum  of  all  the  chances 
for  each  black  ball ;  that  is,  fa.  The  chance  for 
a  white  one  will  similarly  be  f^,  and  the  sum  of 
the  two  chances  will  be  1,  as  it  ought,  since  it 
is  certain  that  upon  one  drawing,  either  a  black  or 
a  white  ball  will  be  drawn.  The  total  quantity 
^  then  informs  us,  as  it  stands,  of  three  things — 
the  total  number  of  chances,  the  number  favour- 
able to  the  given  event— the  drawing  of  a  black 
ball,  and  the  absolute  value  of  the  chance  for 
its  happening.  This  latter  will  not  be  altered, 
though  the  former  become  disguised.  In  fact, 
i-|  =  T  =  chance  in  favour  of  drawing  a  black 
ball.  Hence  we  see  what  is  of  great  importance, 
that  the  thing  to  be  attended  to  in  calculating 
chance,  is  to  know  the  ratio  of  the  number  of 
favourable  events  to  the  total  number  of  events 
equally  probable  a  priori.  This  ratio  is  called 
the  mathematical  j}7'obabiliti/  of  the  event. — Cer- 
tain general  mathematical  principles  of  the  theoiy 
can  be  deduced  at  once  from  this  definition. 

(1.)  The  probability  of  an  event  which  mav 
happen  according  to  different  hypotheses,  the 
probabilities  of  which  are  equal  or  unequal,  is 
the  sum  of  the  probabilities  of  each  hypothesis 
favourable  to  the  event.  Thus,  let  us  suppose  n 
balls  in  an  urn,  n  being  white,  n'  red,  n"  yellow, 
&c. ;  s,nd  suppose  we  seek  to  know  the  chance  of 
drawing  a  red,  or  white,  or  yellow  ball.  Then 


N 

n' 


is  the  probability  of  a  white, 


—  is  the  probability  of  a  red, 
is  the  probability  of  a  yellow. 


And  since  for  the  player's  purpose  all  (lie  balls 

may  be  considered  as  belonging  to  one  class,  

the  red-wliite-and-y ellow  class,  wc  have  his  chance 
n      n'  -\-  n"      n  n' 
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sum  of  probabilities  of  separate  hypotheses. 

(2.)  The  relative  probability  of  an  event  is  the 
(piotient  obtained  by  dividing  its  absolute  pro- 
bability by  tlic  sum  of  the  absolute  probabilities 
of  the  events  with  which  it  is  compared. — Suppose 
we  wisli  to  conipaic  tiie  probaliility  of  the  plaver's 
drawing  u  white,  with  that  of  his  drawing  a  red 
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or  a  yello'sv  bull.  Then,  clearly,  we  may  abso- 
lutely neglect  all  other  drawings,  and 

 n  n'  n" 

»i  -j-  w'  4"  ra"'  n  -\-n'  -\-  n  -\-n'  -{-  n" 
will  be  the  probabilities  of  drawing  a  white,  a 
red,  a  yellow,  respectively,  if  we  neglect  the 
others.  13ut 

n  n'  ^    n  -\-n'  -\-  n" 

n  -\-  n'  -\-  n"       n    *  N 
the  quotient  obtained  by  dividing  the  absolute 
probability  of  the  event — drawing  a  white  ball 
-by 

re    I    re'    ,  re" 

—  +-+—'  — 

N  N  N 

the  sum  of  the  absolute  probabilities  of  the  events 
Vr'ith  which  it  is  compared. 

(3.)  The  absolute  probability  of  an  event  com- 
pounded of  two  others,  the  second  of  which  can 
only  happen  when  the  first  happens,  is  obtained 
by  multiplying  the  absolute  probability  of  the 
first,  by  the  probability,  that  if  the  second  hap- 
pen the  first  also  will. — Thus,  suppose  we  wish 
the  chance  that  the  player  will  gain  by  the  ex- 
traction of  a  white  ball.  That  depends  upon  his 
gaining  at  all,  the  probability  of  which  is 
n  -\-nb  ~  re" 

N 

And,  the  probability  that  if  he  gains,  he  will  do 
so  by  the  extraction  of  a  white  ball,  is 

re 

w  +  re'  +  re" 
Hence,  multiplying  these  we  have 

re  +  re'  +  r"  re  n 

s  n  +  n'  +  re"  N 

for  the  probability  according  to  this  rule ;  which, 
as  we  know,  is  the  probability  of  his  gaining,  by 
the  extraction  of  a  white  ball. 

(4.)  The  probability  of  an  event  compounded  of 
several  independent  events,  that  is,  consisting  in 
their  concurrence,  is  the  product  of  the  proba- 
bilities of  the  simple  events. — Thus,  suppose  two 
urns,  the  one  containing  m  white,  and  m'  black 
balls,  and  the  other  re  white,  and  re'  black  balls. 
The  total  number  of  drawings  probable  for  the 
one  are  m  +  m',  for  the  oilier  re  +  re'.  Hence 
the  total  number  of  combinations  of  a  special 
drawing  from  the  one,  with  one  from  the  other, 
is  (ot  +  m')  .  {n  +  n').  Also  the  total  number 
of  combinations  of  a  white  ball  from  the  one, 
with  a  black  ball  from  the  other,  will  be  m  re. 
Therefore,  the  probability  of  drawing  two  white 
balla  will  be 

m  n 

(rn  +  m') .  (ri  +  re')' 
because  that  is  the  ratio  of  the  favourable  to  the 
tnfal  events.    But  the  probability  of  the  simple 
events  are 


m  n 
m  +  m/'  re  +  re' 

and  the  product  of  these  is 
m  re 

{m  +  m')  (re  +  re') 
Hence  the  rule. 

(5.)  The  absolute  probability  of  an  event  which 
has  different  probabilities  on  different  hypotheses, 
is  the  sum  of  the  compound  probabilities  obtained 
by  multiplying  the  probability  of  each  separate 
hypothesis  by  the  probability  of  the  event  upon 
that  hypothesis.  This  proposition  follows,  as  a 
natural  consequence,  of  the  last.  It  must  not, 
however,  be  considered  a  mere  truism.  An  in- 
stance of  a  not  imnatural  rnistalie  ^ill  show  its 
importance.  Suppose  two  urns,  one  containing 
1  white  and  2  black  balls,  and  the  other  5  white 
and  3  black ;  and  suppose  the  chances  of  laying 
one's  hand  upon  either  urn  to  be  equal,  then, 
by  the  rule,  the  t(  tal  chance  of  drawing  a  white 
ball  is  1^ .  I  -f  i  .  ■§  =  If.  But  it  is  not  un- 
natural to  suppose  that  since  it  is  an  equal 
chance  which  urn  be  drawn  from,  we  could 
reach  the  result  more  rapidly  by  mixing  the  two 
urns.  This  would  give  6  white  and  5  black 
balls,  and  the  chance  of  dra^^^ng  a  white  ball 
would  be  The  true  chance,  therefore,  would 
be  less  than  \,  the  false  chance  greater. — We 
have  spoken  of  play  and  betting,  assuming  Avhat 
is  an  endent  mathematical  principle,  that  the 
stakes  ought  to  be  in  exact  proportion  to  the 
chances  that  each  plaj'er  has  of  -winning.  In 
betting,  the  players  stand  in  the  precise  condition 
of  men  about  to  draw  from  the  urn,  supposing 
their  knowledge  of  the  contents  of  Hie  urn  to  be 
equal.  If  both  equally  knew  the  Avhole  data  on 
which  judgment  is  to  be  formed,  a  fair  bet  would 
be  made.  Even  supposing  that  made,  we  shall 
see  hereafter  that,  in  consideration  of  moral  ad- 
vantage, a  bet  upon  such  equal  terms  is  of  neces- 
sity a  dead  loss  to  either  party  before  the  event; 
and,  that  where  the  play  is  to  be  continued  for  a 
certain  time,  it  may  be  shown  to  be  nearlj-  certain 
that  one  of  the  players  will  be  ruined.  In  such 
games  as  rouge  et  noir,  lotteries,  and  the  like, 
and — as  in  principle,  although  othenvise  m  their 
moral  aspect,  they  are  the  same — in  life  and  fire 
assurances,  a  considerable  uufairncss  of  betting 
takes  place  always  in  favour  of  the  banker,  (he 
holder  of  the  lottery  or  the  assurance  comjiany, 
so  as  to  cover  expenses  of  management. — Before  [ 
passing  from  these  laws  of  the  composition  of  i 
chances,  it  may  be  well  to  illustrate  their  impor- 
tance. Thus  it  is  found  in  Brabant  tliat  the  jiro- 
bability  that  the  barometer  will  fall  before  rain,  is 
Y'yAf'y.  Hence  the  chance  that  for  the  three  next  ! 
successive  rains  their  coming  will  be  indicated  by  ; 
the  barometer,  is  -^^^^  x  x  ■j'lA.a.      \  ) 

nearly,  that  is,  although  the  probability  is  about 
3  Uiat  any  one  fall  will  be  preceded  by  rain,  it  is  j 
about  3  only  that  three  successive  ones  will  so  be.  I 
— Similarly,  suppose  we  seek  the  probability  that  a  i 


t 
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iTnan  aged  forty,  and  his  wife  aged  thirty,  will 
Ibolu  be  alive  at  the  end  of  10  years.  The  Bel 
jgian  tables  give,  for  the  probability  of  a  man 
liliving  in  the  towns  and  aged  forty,  living  10 
} years  -832,  and  for  his  wife  aged  thirty,  •862. 
1  Hence  the  probability  that  they  will  both  be 
ialive  is  -832  X  '862  =  ^717.  Consider,  in 
lideed,  all  the  possible  cases : — 

TThe  husband  and  wife  ■nill 

be  both  alive   -832  x -882  = -717 

IThey  will  be  both  dead ....  (1—  -832)  ( 1—  -862)  =  -023 
IThe  husband  will  be  alive 

and  the  ivife  dead   (1—  -8621  x  -832  =  •115 

IThe  husband  will  be  dead 

and  the  vrife  alive   (1—  -832;  x  -862  =  -U-S 

TTotal  probabilities  =  cer- 
tainty   =  1-000 

\We  may  note  how  slight  the  chance  of  both 
lidying  withm  10  years  is;  not  more  than  1 
cchance  in  43. 

II.  From  the  Law  of  the  composition  of  chances, 
v.we  may  pass  to  consider  the  repetition  of  events^ 
Mwhich  depends  upon  the  composition  of  equal 
.cbances. — Let  p\  ([  be  the  chances  of  one  event 
'  happening  and  failing,—;/',  q^'  be  the  chance  of 
.another  event  happening  and  failing,— p",  g"'  be 
iltlie  chance  of  a  third  event  happenmg  and  failing, 
■.and  /)<"•)  be  the  chance  of  an  m\h.  Then, 
.  clearly,  {p'  +  g')  (p"  +  g")  will,  when  de- 
veloped, give  in  its  diflterent  terms  all  the  four 
.  chances  aiising  from  combination  of  the  first  two 

•  events  or  nou  events.  Thus y  j-/' is  the  chance 
of  both  happening,;;' 2",  5'^",  those  of  the  first 
or  second  happening  and  the  other  failing,  q'  q", 

;:that  of  both  failing  together.  Similarlv  we  may 

vsee  that  {p'  +  q')  (p"  +  q")  ^p'"  +  g«)  

 ...0)(""  +  ^C")),  &c.,  is  a  product,  every 

•  expression  of  which  will  give  the  chance  of  the 
'  •events  indicated  by  the  notation  mark  i,  11,  m... 

....(m),  happening  or  failing,  according  as  they 

;iare  over  p  or  q.    Thus  p'  q"  p'"  q^m)  gives 

tithe  chance  of  the  first  happening,  the  second  fail- 

1  ing,  the  third  happening   the  mth  failing. 

— We  have  spoken  of  repetitions  of  events.  Sup- 
1-pose  the  second  event,  the  third,  &o.,  to  be  all 
I'the  same  event  in  reality  as  the  first.  Then,  if 
"  ?  be  the  chances  for  one,  they  will  be  the 
chances  for  all ;  and  if  these  are  m  events,  all 
i.tbe  same  we  have  {p  +  q)  {p  +  q)  (p  +  q), 

 times  =  (p  +  2)™,  as  the  quantity 

expressing  all  the  possible  happenings  or  failings. 
'That  is,  if  we  repeat  the  same  event  m  times,  p  q 
3eing  the  ciiances  for  its  happening  and  failing 
n  each  trial,  {p  +  5)"'  wUl  be  an  expression 
jiving  the  total  chances  of  happening  and  failing 
iny  definite  number  of  times. — But  here  a  ques- 
;ion  arises.  In  the  development  of  (p  +  q)m^ 
•ve  have  such  a  term  as  ?» q,  that  is,  we 
lave  the  event  p^-i  q  corresponding  to  the  dc- 

v-elopment  (p'  +  q')  (p"  +  j")  ^ 

/  ""0)  m  times  repeated.  If  we  write  down  the 
jroduct  of  this  fully,  and  then  substitute  q  for 
V  c/ ,  &c.,  we  shall  see  the  meaning  of  this.  All 
;he  results  where  there  is  only  one  event  failing 
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areyy  p'"  ^f™)  +  p''  p"  p'"  

p(m)  y     y//  .^(m)  4.  ^  yy/^ 

 Substitute/!,     for/i',  q\  &c.,  and  we 

hsci^ppp  q  ■\-  ppp  qp  P  <1P  

p  +  qpp....p.  The  first  event,  then,  represents 
the  chance  of  the  first  m — 1  events  happening, 
and  the  m"'  failing, — the  next,  of  the  first  m — 2 
happening,  the  m — 1th  faihng  and  the  last  hap- 
pening, and  so  on.  Each  of  the  terms  is  evi- 
dently equal  to^™"~*  q,  which,  therefore,  repre- 
sents the  chance  of  the  given  event  happening  m 
— 1  times  and  failing  once,  in  any  assigned  order. 
Again,  since  in  all  of  them  we  have  in — 1  hap- 
penings and  one  failing,  and  since  these  are  all 
the  terms  in  which  we  have  that,  the  sum  of  the 
chances  for  each  will  be  the  total  chance  for 
the  whole, — that  is,  since  there  are  m  terns, 
m  q,  is  the  chance  of  the  events  happening 

VI—  1  times  and  failmg  once,  in  any  order  what- 
ever. Because  this  is  an  important  distinction, 
we  shall  present  it  in  yet  another  form.  The 
chance  of  an  event  happening  m — n  times  and 
failing  n  times,  when  the  chances  are  p  and  q 
each  time,  in  any  order  whatever  that  may  be  as- 
signed, will  evidently  be  p  multiplied  by  itself 
m — n  times,  multiplied  by  q  multiplied  by  itself 
n  times — that  is,  jj""— "  g"-  Hence  the  chance  of 
its  happening  so  at  all,  without  respect  to  order, 
will  be  jj"'— »  2" ,  mvdtiplied  by  the  number  of 
ways  in  which  we  may  have  m  quantities,  di- 
vided into  two  distinct  groups  of  in — n,  and  n 
quantities,  arranged.  This,  as  is  seen  in  Per- 
mutations, is 


m — n. 


Hence - 


m 


^  pm— n  (7ra  is  this  chance. 

But  this  is  the  (w  -)-  1)'*  term  in  the  binomial 
development  of  (p  +  q) and  there  are  m  +  1 
terms ;  therefore  the  successive  terms  of  that  de- 
velopment, express  the  chances  of  m — w  events 
happening  and  n  events  failing,  in  any  order 
whatever,  and,  when  stript  of  their  co-efficients, 
of  m — 11  happening  and  n  failing,  in  any  order 
assigned.  We  shall  illustrate  this  by  a  problem 
celebi'ated  in  the  history  of  the  science,  as  being 
the  first  occasion  of  the  researches  in  this  direc- 
tion of  Pascal — its  true  founder.  It  is  asked  how 
many  trials — repetitions  of  events — it  is  nocessai'y 
to  have,  in  order  to  have  a  jH-obability  ^  tliat  we 
shall,  at  least  once,  liave  two  si-xes  in  tric-trac, 
which  consists  in  the  throwing  of  two  dice. 

*  Tlie  product  of  all  the  natural  numbers  I  •  2-  3. .  «i  is 
written  shortly  thus       m.  Where  m  is  a  large  number 

it  is  not  common,  or  indeed  easy,  to  calculate  this,  but  we 
use  this  formula  of  appro.\iraation  !•  2'  3..a,'  =  t"* 

'\Jitrx(^^  +       +  2§8  «  )  ' 

of  Naperlan  logarithms ;  and  this  may  be  further  an. 
proxlmated  to,  thusl-  2-  3-...ar  =  x't—"  V~Ftx 
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rno 

Clearly  this  is  the  same  as  asking  how  many 
are  needful  to  give  the  probability  1—^,  of  fail- 
ing to  get  two  sixes  out  of  all  the  throws.  The 
expression  (^p  +  g-)'"  represents  all  the  possibili- 
ties. Nowjp,  the  chance  of  obtaining  two  sixes 
=  F  X  i  =  therefore  q  =  I  —  p  = 
Hence  q"\  the  probability  of  failui-e  in  all  the 
trials  =  ^, 

m  logq  =  —  log  2 

—   log  2 

loff  B6  —  log  35 


m  = 


log  35  —  log  36 


=  24-6.  Hence  in  25  throws  there  will  be  a  pro- 
bability rather  greater  than     in  24  rather  less. 

III.  The  problem  of  chances  known  d  priori 
and  constant,  might  be  held  to  be  now  com- 
pletely solved.  There  are  certain  subsidiary  ques- 
tions, however,  which  the  necessities  of  practical 
discussion,  will  discover  to  be  of  more  real  im- 
portance even  than  these  general  principles.  We 
shall  find  these  evolve  themselves  successively 
from  the  consideration  of  several  points  which  at 
first  sight  seem  mere  matters  of  curiosity.  Thus, 
we  ask,  which  of  the  whole  number  of  events — 
m — n  successes,  and  n  failures,  is  the  most  pro- 
bable.   The  two  successive  general  terms  are, 

pm—n-^-lqinn  —  X 


the  nth, 


.m 


<  n —  1  <  m — n  +  1 


the(n  +  l)th,- 


;  m 


:m 


 n' 


qn 


Hence  the  +  1th  will  be  greater  than  the  nth 
of  their  ratio  which  is 


V 

that  is,  if 

q  (  mA^l 

P 


m  —  71  -f- 1 


,  be  greater  than  1 


be  greater  than  1. 


Now,  this  is  a  quantity  which  for  successive 
values,  1,  2,  3,  &c.,  of  n  will  grow  less  and  less, 
hence,  if  we  can  get  the  last  quantity  for  which 

q  fm-\-l       ^  \  . 

—  (  )  is  greater  than  1, 

V  \  n  J 

we  shall  have  the  n  +  1th  term  as  the  greatest. 
Restore  the  original  form 

q  ,m  —  n-\-  1 
p  n 

m  —  n  '\-  \  ^  p 
n  q 


And  if 


m  —  n 


—  ^ ,  or  if  m  &e  divided  into 


two  parts  so  as  to  be  in  the  proportion  of  p  and 
q,  we  shall  have  the  equation  satisfied,  and  the 
term  in  tohich  we  Imve  m  —  n  successes  and  n 
failures  will  be  the  greatest.  Hence,  if  the  chances 
(urp  and  q  be  equal,  the  greatest  is  the  middle 
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term— or  the  two  middle  terms— it  being  well 
knowi  that  where  there  are  two  middle  terms 
in  the  expansion  of  the  binomial  they  are  equal. 
Suppose  then  m  —  n  =  p  m,  n  =  q  m.  Then 

q  .  m  — n-f  1  _  q  .pm-]-l 

P 


n 


q  m 


I  1 

-  =  1  +: 


m  p  m 

a  quantity  which  is  nearer  unity  the  greater  m  is. 
Hence  where  the  number  of  repetitions  is  very 
great,  we  have  the  terms  nearest  the  greatest 
term,  really  nearer  it  than  when  the  number  of 
repetitions  is  small.  We  see  then  that  for  a 
great  number  of  repetitions  we  shall  have  a  mas- 
sing of  the  most  jJrobable  events  Toimd  the  greatest 
term,  increasingly  so  as  m  increases.  In  order 
that  we  may  have  a  clear  idea  of  the  importance 
of  this  result,  we  shaU  suppose  an  urn  in  which 
there  are  two  white  balls  and  one  black.  Sup- 
pose six  repetitions ;  (f  -|-  i)^  gives  the  follow- 
ing, in  which  the  upper  numbers  are  for  the 
white  balls. 


6 
64 
729 


5 
292 
729 


4 

240 
729 


3 

160 
729 


2 
60 
729 


1 

12 
729 


0 
1 

729 


We  see,  then,  that  the  result,  four  M'hite  and  two 
black  balls,  for  which,  six  is  divided  in  the  ratio 
of  the  chances,  -I  and  ^  is  tJie  most  probable,  and 
that  it,  with  the  two  next,  have  a  total  proba- 
bility of  fff  or  nearly  -f.  The  massing  near  the 
greatest  term  is  thus  very  distinct.  We  have 
taken  three  terms  out  of  seven.  Let  nine  repeti- 
tions be  now  made,  we  shall  find  the  following 
results : — 


9 

8 

7 

6 

6 

4 

512 

2304 

4608 

537G 

4032 

2016 

19GS3 

19G83 

19683 

19683 

19683 

19683 

3 

2 

1 

0 

C72 

144 

18 

1 

19G83 

19683 

19683 

196S3 

The  greatest  term  again  is  6,  3,  where  the  divi- 
sion of  the  nine  results  is  in  the  proportion  of  -j 
and  ^,  and  takmg  three  out  of  ten— (he  gi-eatest 
term  and  those  which  succeed  and  follow  it,  we 
have  nearly  of  the  whole  probability  in  favour 
of  one  or  other  of  the  drawings  7,  6,  5.  Let 
ninety  repetitious  be  made.  Then  we  write 
down  the  value  of  the  five  greatest  terms 


62 
•081817 


Gl 
•087460 


60 
•088918 


59 
•086049 


58 
■079327 


So  that,  in  favour  of  the  actual  drawing  being  one 
of  these  five  out  of  the  whole  ninety  drawLigs 
we  have  the  probability  •423571,  or  very  n&irJy 
an  even  chance.  We  see  then  that  the  actual 
probability  of  the  most  probable  result,  4,  G,  GO 
white  balls,  decreases  as  the  number  of  repeti- 
tions increases,  but  tliat  there  is  an  increasing 
probability  that  the  residt  found  will  be  one  of 
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those  very  near  that.  By  purely  mathematical 
reasoning  then  we  see  how  the  following  prin- 
ciples may  be  obtained. — 1.  When  the  occurrence 
of  an  event  depends  on  a  chance,  and  the  number 
of  trials  is  repeated,  the  most  probable  result  is, 
that  where  the  proportion  of  actual  events  w 
(e.g.,  white  balls)  to  that  of  actual  events  b  (e.g., 
black)  is  equal  to  the  proportion  of  probability 
for  A  and  b  respectiveh',  or  as  near  that  as  pos- 
sible,— the  probabilities  of  the  other  events  go  on 
diminishing;  and  the  more  rapidly,  the  farther 
they  pass  on  one  side  from  this  in  arrangements 
according  to  the  number  of  the  events  w,  or  of  the 
events  b. — 2.  According  as  the  number  of  repe- 
titions increases,  the  probability  of  each  separate 
value  decreases;  but  the  more  rapidly,  the  farther 
it  passes  from  the  most  probable  value,  the  more 
slowly,  the  nearer  it  is  to  that. — 3.  Consequently, 
there  is  an  always  increasmg  probability  that  the 
ratio  of  the  number  of  events,  w  to  that  of  b  will 
not  differ  from  the  ratio  of  the  respective  proba- 
bilities of  these  events  beyond  certain  definite 
limits  ;  and  however  close  these  limits  be  taken 
we  may  increase  the  number  of  trials,  so  that  the 
probability  of  the  result  being  within  these  limits 
shall  be  as  near  1,  that  is,  certainty,  as  we  may 
choose.  These  propositions — the  last  of  which  is 
the  basis  of  the  whole  practice  of  probabilities — 
are  due  to  J ames  Bernouilli,  and  were  published  in 
his^rs  Conjectandi,  1713.  We  may  represent  his 
conclusions,  and  the  law  of  probability,  graphi- 
cally in  the  following  way : — Suppose  m  trials, 
then  there  are  -)-  1  results.  Take  then  any 
line  and  divide  it  into  m  equal  parts,  and  at  each 
division  raise  a  perpendicular  to  the  line,  pro- 
portional to  the  chance  corresponding.  Thus, 
the  curve  of  possibility  for  (j)  -j-  2)"*  will  have 
the  first  ordinate  at  the  extremity  of  the  line  pro- 
portional to  p'",  the  second,  at  the  first  divi- 
sion, to  TO  ^"-1  q,  and  so  on.  The  result 
will  then  be  a  series  of  ordinates  like  those  in 
the  figure.    The  tops  may  be  joined  and  then 


S50    510  530       620     610  600     400  480     470       400  450 
Fig.  1. 

we  shall  have  a  polygon  approximating  to  a 
curve,  which  may  be  drawn  as  a  continuous 
line  through  the  summits  of  the  orcfinateis.  Now 
a  geometrical  curve  can  really  be  found  which 
docs  in  this  way  pass  through  these  successive 
summits  of  ordinates.  The  curve  in  the  figure 
ii  ioTp  =  y  =  and  is  therefore  symme- 
trical about  the  maximum  ordinate,    'if  the 
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number  of  trials  be  increased,  the  values  of  p 
and  q  remaining  fixed,  the  curve  will  slope 


Fig.  2. 

in  towards  the  maximum  orduiate — in  the  pro- 
portion of  the  square  roots  of  the  number  of 
triak.    Thus,  if  c  /'  a  /     be  the  curve  of 
probabilities  (not  earned  out  for  want  of  space  to 
the  extreme  ends  where  it  lies  very  close  to  the 
base  line),  for  ni  trials,  then  cp'  a  f  mil  re- 
present it  for  im  trials,  if  e' d'  =  2  e' d',  wher- 
ever the  lines  parallel  to  abscissae  are  drawn  in 
the  two  curves.    So  if  i'  a  i  hold  the  same  rela- 
tion to  f  a  ({>  that  ip'  aip  does  to  cf'  afd,  this 
will  be  the  curve  of  possibility  for  IQm  trials, 
and  so  on. — From  this  graphical  representation 
we  learn  how  we  may  represent  the  chances 
that  an  event  will  be  of  the  character  mp  of  w, 
m  q  of  B,  or  within  certain  limits  of  closeness  to 
that.    Suppose  that  the  division  e'  corresponds  to 
TO  (p  —  I),  m  (q  +  I),  and  that  e  corresponds 
to  TO  (p  +  l),  m  (q  —  /),  then  the  chance  that 
the  result  will  fiill  within  the  limits  e'  e,  will 
manifestly  be  represented  by  the  ratio  which 
space  e'fafd  bears  to  the  whole  space  enclosed 
by  the  curve  and  the  base  line.    This  may  be 
comprehended  at  once  by  the  last  figure,  where 
one  readily  sees  that  the  sum  of  the  ordinates 
between  e'  and  e,  corresponds  to  the  sum  of  the 
chances,  or  the  total  chance,  that  the  number  of 
w  events  will  be  within  to  (p  —  I)  and  m  (p  + 
l),  and  the  sum  of  all  the  ordinates,  to  certainty. 
It  is  also  clear  since  all  the  divisions  are  equal, 
that  the  sum  of  the  ordinates  between  e  e'  bears 
to  the  sum  of  all  the  ordinates  the  ratio  which 
the  area  e'f'  afe  bears  to  the  whole  area  of  the 
curve.    What  is  called  the  probable  error,  is 
that  value  of  I,  for  which  e'f'  a/e  is  half  of  the 
whole  area.    The  maximum  ordinate,  in  the  case 
o{p  =  5'  =  1.  is  evidently  according  to  the  rules 
laid  down,  the  one  in  the  centre,  and  the  curve 
is  perfectly  symmetrical  around  it.   On  the  othnr 
hand,  if p  is  not  equal  to  q,  the  maximum  ordi- 
nate will  not  be  in  the  centre  nor  will  the  curve 
be  symmetrical.    Tims  if  p  =  50,  the  curve  will 
be  that  to  which  -60  is  attached  in  fig.  3,  and 
so  if  it  be  -60,  -70,  -80,  -90,  -95  ;— a  series  of 
figures  from  which  it  is  graphically  evident  that 
the  vertical  axis  will  come  to  be  an  asymptote 
to  the  last  curve,  that  is,  that  as  the  value  of  p 
approaches  nearer  and  nearer  1-00,  the  heiglit 
of  the  curve  will  approach  infinity.     It  u 
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supposed  that  in  all  of  them  the  same  base  is 
taken.    Hence  another  law  becomes  evident  gra- 


Fig.  3. 

phically,  that  the  more  p  becomes  unequal  to  q, 
the  smaller  is  the  probable  error. — We  may  laj' 
down  laws  which  fully  express  those  facts. 
The  complete  investigation  of  these  laws  we 
cannot  give  here.  If 


t 


P) 


then  the  probability  that  the  result  will  be  be- 
tween in  (p  —  T)  of  w  and  m  {p  -j-  I)  of  w, 
can  be  expressed  in  the  following  fbrmida: — 


2  ft 
.=  -r=       t  —  l-dt  + 


V  2vpl\  —  p) : 


throwing  off  the  last  term  which  is  not  so  im- 


or 

portant ; 


dt 


In  fact  the  equation  of  the  curve  of  probability 
for  large  numbers  m,  may  be  expressed  by  the 
foraiula 


and  the  value  of  p,  is  the  proportion  of 

Ja^—ctydx 

that  is,  of  the  portion  of  area  between  in  {p  —  1) 
and  m{p  -It  I).  We  shall  assume  these  results 
as  established.  Hence,  to  get  the  probable 
en-or — that  is,  the  exact  point — within  which  it 
is  an  even  bet  that  the  divergence  from  the  most 
probable  result  of  all  lies,  we  have  simply  to 
solve  the  equation 

1  _    2       r  t  ,  —  (■ 

2  —  V, 


4 


d  t 


d  t. 


One  method  of  integrating  this  result  by  develop- 
ment is  verj'  evident.  Hence 
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y3  yS  f 

_  _L  4-  J— +  *       +  &C. 

1.3     '    1-2-5  '  1-2-3-4-7.  ' 


a  series  which  very  soon  gives  a  very  close  ap- 
proximation for  t,  if  <  be  <  1.  If  <  >  1,  other 
methods  must  be  taken.  The  value  of  <  is  found 
to  be  -479.   It  is  clear  also  that  by  assigning  any 

values  to  t  we  can  find  what  J" ^  •       '  d  I, 

becomes,  and  from  that  the  corresponding  value 
of  p.  We  may  tabulate  these  correspondiug 
values — which  is  done  at  the  end  of  most  treatises 
on  the  subject;  and  thus  for  any  given  probability 
find  the  corresponding  value  of  i,  or  for  a  given 
value  of  t  find  the  probability  of  the  errors  bemg 
withm  assigned  limits.  We  find  then  that  t  de- 
pends on  the  value  of  I,  m,  p.  In  the  first  place, 
it  varies  directly  with  the  limit  of  error  I,  and 
inversely  as  the  square  root  of  the  number  of 
trials  m.  Also  p  (1  —  ^)  is  a  maximum  for 
p  —  \;  therefore  for  given  values  of  <,  or p,  and  m, 
the  value  of  I  is  less,  the  more  unequal  p  is  to  ^, 
and  is  maximum  at  p  =  ^.  We  write  down 
several  values  from  the  table  of  values  of  the 


function  p 


=-=/ 


/    V2 

I        d  <,  so  as  to 


illustrate  the 

subject. 

( 

Differences 

t 

Differences- 

•01 

•01128 

■01128 

1-GO 

•976348 

•000SS7 

•10 

•ll-.'46 

•01118 

1-70 

•983790 

•000638 

•20 

•22270 

•01086 

1-80 

•989090 

•000450 

•30 

•328G3 

•01034 

1.90 

•992790 

•000311 

•40 

■42839 

•00964 

2.00 

•99532-23 

■0002109 

•50 

■52050 

•00S83 

2^10 

•9970206 

•0001401 

•60 

•60386 

■00792 

2-20 

•9981371 

•0000912 

•70 

•67780 

■00696 

2^30 

■99S8568 

•00005S2 

•80 

■74210 

•00(>liO 

2^40 

■9993115 

•0000364 

•90 

•79G91 

•0050G 

2^50 

•99959305 

•00002^234 

1^00 

•84270 

•004-.'9 

2^60 

■99976396 

•00001342 

1^10 

•88020 

•00340 

2-70 

■99986567 

•00000791 

1-20 

•91031 

•00270 

2^80 

•99992499 

■00000457 

1-30 

•93401 

•00211 

2^90 

•99995890 

•00000258 

1^40 

■95228 

•00161 

3^00 

•999977909 

1-50 

•966105 

•001207 

4  00 

■999999985 

The  differences  are  given  for  differences  of  '01'; 
and  the  calculation  for  value  of  t  between  those 
given  in  the  table,  may  be  made  as  with  logarithms. 
Example  1. — Suppose  then  we  have  1,000  trials, 
or  repetitions  of  an  event,  and  Uiat  we  know  the 
antecedent  probabilities  of  the  event  w  to  be  |, 
and  those  of  b  ^,  and  suppose  we  seek  the  proba- 
bility p  that  the  event  whicli  actually  occurs 
will  be  somewhere  between  1,000  (|  —  ^%n) 
and  1,000  +  -j^)  of  w,  that  is  between  370 
and  430  of  w. 


Then  t 
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3  3 
.-.«=-  'y/  -  =  -  X  1-8  nearly  =  1-3G 

nearly.  Hence,  using  the  table  1-30  gives  -03401, 
and  to  this  may  be  added  as  an  approximation  for 
the  value  -06  ;  6  times  the  mean  of  the  differ- 
ences for  1-30  and  1-40,  that  is  6  X  -00186  =-■ 
01116.— Hence  p  =  -93401  -f  -01116  = 
94517,  that  is  a  probability  of  189  in  200 
learly,  that  the  result  will  lie  within  the  limits 
mentioned.  Example  2.  Suppose,  again,  we  want 
to  know  the  limits  within  which  it  would  be  safe 
I  to  bet  2  to  1  that  the  result  will  fall  in  the  case 
:  .supposed.    Then  p  =  -666-,  and  p  +  -67780, 
I  corresponds  to  i=-  70.    Hence,  proceeding  as 
i  in  logarithms,  '67780 
-66666 
•00696)01113-(2  nearly. 
'.Therefore  for  p  =  -666-,  t  —  -68  nearly. 


1  Therefore  .68 


I  Hence  I  =  — ^  = 
46 


.075  1 
—r-  =  -0151  +  -  , 
5  60 


IThereforeabetof  2  tol  mavbe  taken  that  theresult 
»wiU  fall  within  (l  —  i^-)  X  1000,  and  x 

11000,  that  is  between  ^^^^  2500 


and 


or 


6  6 
■383  and  417.    Since,  then,  all  events  from  0 
"Of  w,  to  1000  of  \v  are  possible,  we  see  how  the 
,-greatest  values  are  massed  round  the  one  which 
ws  the  most  probable,  because  between  383  and417, 
ilthat  is  on  about      of  the  base  Ime  of  the  curve 
•of  probability,  |-  of  the  whole  area  is  built.  The 
curve  then  must  come  to  lie  extremely  close  to  the 
J  base  line,  and  at  the  end  nearly  coincide  with  it. — 
\Another  question  suggests  itself.    In  our  stand- 
■ing  supposition  of  the  urn,  where  the  drawings 
lare  repeated,  we  supposed  either  different  urns, 
»r  If  the  same  urn  was  used,  the  'balls  drawn 
were  thrown  back  into  the  urn  so  as  to  bring  the 
new  drawing  to  be  made  in  the  same  circum- 
stances as  the  preceding  one.    But,  suppose  that 
the  balls  are  not  thrown  back.    Let  a,  b  be  the 
number  of  the  white  and  black  balls  respectively, 
iliien  the  probability  of  w  w  b  being  drawn  is' 

a           a  —  ">  b 
—   .  X  - 

■n 


—  +  *  f  -i  -  -  i  a-\-b  —  2 
'Similarly  the  probability  of  w  being  drawn  m 
times,  B,  n  times,  in  any  order  will  be 

a  —  1   a  —  (to  —  w)  +  1 


a  —  6.  a  +  6  —  1  • «  4-  6  , 
(b  -  1)  


•  (to  —  w)  +  1 
....  6  _  re  +  1 


a  +  b  —  (jn  —  72)           a  +  b  —  m  +  1 

'■'Also,  the  chance  of  drawing  in  any  one  order  is 
lie  same  as  that  of  drawing  in  any  other  order. 
'  Ueucc,  since  the  number  ol' combhiations  is 


:  m 
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•we  have  the  total  chance  of 


<     —  n.  <  n, 
m  —  n  w,  and  n  b  being  the  resultant  event. 
<  a  ....  a  —  (m  —  ra)  +  1 


-  n  ■ 


:  n 


a  +  h. 
....b  —  n  +  1 


b  —  m  +  1 


<  «  —  (m  —  7i) 
:  a  +  b  —  m 


<  6  —  n 


:  m 


<  a  -|-  6 

<  a  +  &  —  m 


:m  —  n 


'_a —  (jra — n). 
<  b 


:  b  —  n 


'da  +  b 

or  putting  m  —  n=n',  and  therefore  m  =  n  +  n'. 
p  <  w  +       <  g  +  b  —  («  +  m'  ) 

-<:  a  .  <  S 


<  a  +  & 

A  remarkable  theorem  may  be  proved  here,  not 
from  its  relation  to  the  theory  of  probabilities, 
but  as  illustrating  how  frequently  problems  per- 
taming  to  the  abstract  sciences  of  number  and 
quantity  can  be  solved  by  the  temporary  intro- 
duction of  ideas  foreign  to  the  abstraction.  Thus, 
the  total  probabilities  of  drawing  0  w's,  1  w, 
&c.,  up  to  in  w's,  will  be  certainty,  or  1. 
Therefore,  1  = 

—  1  *  a  —  2  a  —  m  + 1 


/a  •  a 


m 


i)(a+Z/_l)(a  +  6  — 2) 
a' a  —  1  a  - 


..  a  +  i — m  +  1 
•  ?re  +  2  -  J. 


a  +  *  a  +  6  — m  +  1 

m-m — 1...71  +  1  a-a  —  1 


'*'l  -  2  -3 
•6  •  6  —  1  . 


a  +  b  

b-b~l 


.  (m  —  71 )  +  1 


.  ...a  -, 
6  —  2 


b  —  771  +  ml"" 
 b  —  m+1 


+  b  a  +  b  —  ??i  +  1  ' 

Hence 

(  a  +  6)  (a  +  6  —  1)  (a  +  6  —  2)  (  ) 

(a  +  b  —  m  +  1)  =  a  •  (ra  —  l)...(a— 77j  +1; 

—  .  a  'a  —  1    a  —  m  +  2  ■  b  


+ 


1  .  771         1  . 


i  +  l  a-a  —  1...0— 71  +  1 


IS 
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■''1-2-3  m  —  n'  ^ 

b  'b  —  1   b  —  (771  —  n)  +  1   

+  b  •  b  —  1    b  —  771+  1. 

The  analogy  of  this  theorem  to  the  bino- 
mial, with  the  mere  substitution  of  factorials 
for  powers  is  sulliciently  evident.  —  This  case 
not,  however,  of  sufficient  importance  for 
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us  to  investigate  it  farther.  When  we  con- 
sider observations  of  nature,  to  be  like  the  draw- 
ing of  balls  from  an  urn,  it  is  evident  that  the 
number  of  balls  is  infinite.  Hence  it  makes 
no  matter  Avhether  we  do  or  do  not  return  the 
ball  to  the  urn,  and  the  whole  theory  of  balls 
not  returned  is  so  much  simpler,  and  more  man- 
ageable, that  we  may  apply  it  solely. 

IV.  We  have  spoken  of  what  is  called  the 
moral  value  of  an  expectation  as  distinguished 
from  its  mathematical  value.  Contemplate  the  fol- 
lowing two  cases : — A  person  of  moderate  fortune 
risks  £500  for  the  sake  of  gaining  ,£5,  where  the 
chances  are  100  to  1  in  his  i'avour ;  and,  again, 
risks  £5  to  gain  £500,  where  the  chances  are 
100  to  1  against  him.  It  appears  clear  enough 
that  his  conduct  would  be  considered  in  the 
former  case  reckless  and  foolish,  although  it 
might  not  in  the  latter.  Yet,  in  the  mathemati- 
cal theory,  the  stake  is  quite  equal,  in  both  cases, 
to  the  expectation.  Again,  a  man  possesses  a 
lottery  ticket,  suppose  the  last  of  two  undrawn, 
one  of  which  (unknown  which)  is  a  prize  of 
£20,000.  His  expectation  is  therefore  worth 
£10,000.  Yet,  to  a  man  of  moderate  fortune, 
evidently  £10,000  in  hand  would  be  much  more 
valuable  than  the  chance  of  £20,000,  which  is 
mathematically  equal  to  it.  Evidently,  although 
the  actual  sum  gainable  or  losable  should  be  the 
same,  the  privations  which  loss  would  entail, 
would,  in  many  cases,  greatly  outweigh  the 
additional  advantages  which  gain  would  secure. 
It  follows,  therefore,  that  to  make  the  theory 
practical,  we  must  take  into  account  these  refaiwe 
values  of  Expectation,  as  distinguished  from  the 
absolute  mathematical  values.  But  how  is  it 
possible  to  do  this  satisfactorily?  It  is  clear  that 
we  cannot  state  the  whole  data  in  any  case — 
that  we  must  take  some  in  so  far  arbitrary  ap- 
proximation to  what  we  may  consider  the  effect 
of  these  moral  and  relative  considerations.  That 
^vhich  appears  most  natural  and  most  generally 
applicable  is,  that  the  relative  value  of  any  very 
small  increment  or  decrement  of  fortune  is  directly 
proportional  to  its  absolute  value,  and  inversely 
to  the  fortune  of  the  person  who  expects  it. 
Thus  the  relative  value  of  dx,io  a,  person  whose 


fortune  is  a:,  is 


^  ^  ^  where  c  is  a  constant,  deter- 


minable by  the  nature  of  the  question.  If  then 
^ve  suppose  y  the  relative  or  moral  value  of  the 
fortune  which  arises  from  little  increments  d  x. 


taken  together  y 


/c  d  X  
X 


c  log  X  +  con- 


stant. Suppose  that  y  =  o,  when  x  =  a,  that 
is,  that  at  commencement  the  fortune  actually 
possessed  is  a.    Then  o  =  c  log  a  +  constant, 

X 

therefore  y  =  c  (log  a:  —  log  a)  =  c  log  -• 


From  this  we  may 


deduce  a  numerical  ex- 
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pression  for  the  value  of  a  moral  expecta- 
tion. Suppose  a  the  original  fortune,  and  a, 
/3,  y,  &c.,  suras  to  be  received  on  occurrenc- 
of  certain  events,  e,  p,  g,  &c.  Then,  if  a 
happens,  the  fortune  becomes  a  +  a.,  and  the 
relative  value,  according  to  the  formula,  is  c  .  log 

^i-i— ^.     So  on  for  the  other  quantities.  Sujj- 
a 

pose  p,  q,  r,  &c.,  to  be  the  probabilities  of  each 
event,  where  p  +  q  +  r  x  &c.,  =  1,  that  is, 
where  one  or  other  of  the  events  must  happen. 
Then  if  t  represent  the  relative  fortune  arisiii-: 
from  the  expectation 


P  log 


a  + 


glog 


+  ,log^  +  &c.^ 
Suppose  ;^  to  denote  the  absolute  value  of  y. 


Then  y  =  c  log  ~-    Therefore  log  ^  =  p  log 

~  h  9  log  +  r  log— ^  -f  &C. 

(a  -I-  a)P  X  («  +      X  (g  +  yy  &c. 


a 
If 


aP  Og  a"  &.C. 


;f^  =  (a  +  «)P  (a  +  /S)?  (a  +  yf  &c. 
,  /5,  &c.,  be  very  small  in  comparison  mth 
/3 


a,  so  that 


— ,  &c.,  may  be  neglected  for 
a 


powers  higher  than  the  first,  we  have 


&c. 


p  a  +  yj3  +  ry+&c'^ 


1  + 


This  then  is  the  value  of  the  expectation,  or  the 
sum  equivalent  to  the  moral  advantage.  This 
is  also  equivalent  to  the  mathematical  advan- 
tages.   Hence  these  two  are  in  this  case  equal. 

From  these  formuljc  we  shall  establish  certain 
extremely  interesting  conclusions.  Suppose  A, 
whose  fortune  is  100  crowns,  to  bet  50  crowns 
with  B,  on  the  issue  of  an  event,  the  probability 
of  which  is  \,  on  terms  that  if  the  event  happen, 
A  is  to  receive  50  crowns ;  if  it  fail,  to  pay  50 
crowns,  it  is  required  to  find  the  relative  value 
of  A's  fortune  after  the  bet.  Employing  the 
formula  =  (a  +  «  )ix  (a  H-  /3)^to  this  c<ise 
we  have  x.  =  (100  x  60)i  (100  — '50)J: 

=  87,  so  that,  morall. 


=  .^/l50  +  50 
A's  fortune  is  less  worth  by  13  cromis  after  Hi 
bet.   Of  course  this  must  be  considered  as  simpl. 
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11  estimate  of  the  extent  of  the  excess  of  the 
lirivations  which  loss  would  entail  over  the 
advantages  which  would  accrue  from  gain. — 
We  may  show  always,  that,  with  a  limited 
capital,  any  player — and  there/ore  both  players 
are  morally  disadvantaged  by  makmg  a  bet  on 
i'qual  terms.  Let  the  chance  of  an  event  be  p, 
and  let  s  be  staked.  Then 

AT 

,^  =  (a  +  g  s)p  (o  — p  s)<i .  Hence  log  — -  = 


•  d  •  log 


^  =pqds 


X 


^  (l  +g_£-r3Pi) 
a  a  ' 

vhich  is  a  negative  quantity.    Therefore  log 


which  is  the  mtegral  of    •  log      ,  being  made 

a 

up  of  negative  quantities,  is  itself  negative. 
Hence  x,  is  less  than  a.    "We  draw  from  this, 
then,  the  conclusion,  that,  in  all  cases  of  limited 
fortune  (a  finite),  a  bet  made  upon  perfectly  equal 
..terms  makes  the  better's  fortune,  of  necessity, 
libefore  the  event,  worth  less  to  him  than  it  was 
bbefore  the  bet 

Another  consequence  is,  that  when  property 
oof  any  kind  is  exposed  to  risk,  it  is  more  advan- 
titageous  to  expose  it  in  several  parts  to  several 
iiindependent  risks,  than  to  expose  the  whole  at 
once,  though  the  probability  of  loss  be  the  same 
iiin  both  cases.  Take  this  example.  Suppose 
la  merchant  to  have  a  capital  of  £4,000,  besides 
jgoods  worth  £8,000,  to  be  transported  by  sea. 
TThen  suppose  the  probability  of  loss  of  a  ship  to 
'>be  tV'  required  the  worth  of  the  expectations  in 
lithe  two  followmg  cases : — 1st,  If  the  goods  be  all 
■embarked  in  one  ship.  2d,  If  they  be  embarked 
irin  equal  portions  in  two  ships.  In  the  first  case 

.V;.  =  (4,000  +  8000)A  (4,000)to- 
=  10,751 

liHence  the  worth  of  his  expectation  is  £6,751. 
Again,  X  2  =  (4,000  +  8,000)t^'«'  X 

'(4,000  +  4,000) x-o^  (4,000)r§F  =  110,33. 

Hence  the  worth  of  his  expectation  is  £7,033 
'  a  sum  greater  than  the  former  by  £282.  We 
'COttld  show  similarly  that  as  the  number  of  ships 
U  increased,  the  moral  expectation  approaches 
ts  highest  limit,  the  matliematical  expectation 
^£8,000  X  t'V  =  .£7,200.    Of  course  there 
is  a  practical  limit  to  the  subdivision  of  risks 
somewhere,  in  the  increased  expense  of  manage- 
■iment — There  are  also  important  questions  as  to 
■ithe  wisdom  and  advantage  of  assuring.  Of 
course  it  is  only  on  this  principle  of  moral  expcc- 
iJtation  that  assurances  can  be  valuable  to  the  as- 
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'  surer.  The  principles  upon  which  these  rest  are 
shortly  as  follow : — The  company  start  with  a 
very  large  capital,  and  insure  a  great  many  risks. 
The  former  is  necessary  to  prevent  any  fortui- 
tous drain  from  exhausting  their  whole  stock. 
In  consequence  of  the  latter — the  repetition  of  a 
great  many  trials — they  may  have,  according  to 
Bemomlirs  third  law,  any  amount  of  probability^ — 
by  continuous  operations — that  the  actual  results 
will  approach  their  calculated  results  within  given 
limits  of  error;  hence  they  may  have  any  amount 
of  probabUity  that  their  gains  will  not  exceed  a 
certain  amount  £a,  nor  be  less  than  a  certain 
amount  £b  in  a  given  time.  If  £b  be  the  ac- 
tual expense  of  management  the  company  may 
work  with  perhaps  more  perfect  security  than  any 
merchant  firm,  by  taking  a  very  high  probabUity 
that  their  profits  will  not  be  less  than  £b.  Of 
course  it  is  clear  that  to  have  gain  and  gain,  in- 
stead of  gain  and  loss  as  the  hmitmg  conditions, 
the  company  must  bet  at  mathematical  advan- 
tage— since  mathematical  equality  of  betting  re- 
presents the  maximum  ordinate  of  the  cm-ve  of 
probability  around  which  the  limits  for  error 
group.  So  much  for  the  company.  But,  ac- 
cording to  the  theoiy  of  moral  expectation,  an 
assurer  also  may  assure  in  certain  cases,  paying 
an  amount  greater  indeed  than  the  mathematical 
expectation,  that  is,  fulfilling  the  conditions  of  the 
company's  stability,  and  yet  securing  a  real  moral 
advantage  for  himself.    There  are  three  chief 

questions  which  suggest  themselves:  1.  The 

maximum  premium  which  the  assured  may  pav 
without  disadvantage.  2.  The  ratio  of  his  fortune 
to  the  value  of  the  sum  risked,  which  makes  it 
advantageous  to  insure  at  a  given  premium.  3. 
The  capital  which  the  assurance  company  ouglit 
to  have  to  be  able  to  insure  a  given  risk  with 
probable  advantage  to  itself,  and  with  safety  to 
the  insured.  Suppose  s  the  value  of  a  cargo,  p 
the  probability  of  the  vessel's  arriving  safely,  and 
a  the  merchant's  independent  capital.  Then, 
evidently  j  s  is  the  mathematical  value  of  the 
premium  for  insurance.  If  the  merchant  insure, 

then  this  absolute  fortune  is  a  +  s  js  =  a  + 

p  s.  ^  If  he  do  not  insure,  it  is  (a  +  s)p  ai.  Hence 
it  will  be  advantageous,  or  the  opposite  to  insure 
according  as  (a  +  s)v  ai  is  less  or  gi-eater  than 
a-\-p  s.    Now  log  a-\-p  s)  is  the  integral  of 

^  *  and  log  (qi  +  s)p  a'^=  p  log  (a  + 
p  d  s 

— ; — ,  the  fonner 
a  +  s 


a  -\-p  s 
s)  -f-  7  log  a,  the  integral  of 


of  which  fractions  is  greater  than  the  latter,  and 
therefore  (a  +  p  s)  is  greater  than  (a  +  sy 
ai.  Hence,  generally,  the  former  is  greater  than 
the  latter,  that  is,  it  is  a  real  advantage  to  insure 
at  the  premium  whicli  answers  the  matliematical 
value  of  the  expectation.  This  will  serve  as  suffi- 
cient indication  of  the  method  of  sol  ving  all  the  three 
questions  asked.— There  is  a  different  expression 
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used  by  Buffon  for  the  moral  expectation  (the  one 
we  have  given  is  Bernouilli's)  which  consists  in 
inalcing  it  proportional  directly  to  the  gain  and 
itiversely  to  the  fortune,  tliat  fortune  being  esti- 
mated all  through  as  the  same  as  at  first,  and 
not  as  being  every  instant  increased  by  little  in- 
crements.   This  has  seldom  been  employed. 

V.  We  pass  to  the  fifth  great  division  of  the 
subject,  where  we  ask,  what  is  the  probability 
trom  the  actual  occurrence  of  certain  results,  that 
the  causes  of  these  are  such  and  such.  Thus, 
suppose  an  urn  to  contain  four  counters,  which 
are  known  to  be  white  or  black— and  that  in  four 
successive  drawings— the  ball  drawn  being  al- 
ways replaced — a  white  ball  has  been  drawn 
three  times,  a  black  one  once,  what  are  tlie  pro- 
l)abilities  of  the  various  inferences  as  to  the  con- 
tents of  the  urns.  There  are  three  hypotheses 
here  possible — 1.  That  the  urn  contains  three 
white  and  one  black  ball. — 2.  That  it  contains 
two  white  and  two  black. — 3.  That  it  contains 
one  white  and  three  black ;  the  otiiers  being  ex- 
ehided  by  the  actual  results  of  the  drawing.  On 
the  first  hypothesis  =  =  ^,  and  the  pro- 
babilitv  is  the  term  of  (  +  ?  )''  which  contains 
g,  le.,  4  q  =  4:-ll  =  |J.  On  the 
second  hypothesis  p  =  q  —  ^,  and  4:  q 
=  4  •  i-       =  If.    On  the  third     =  |,  q%,  and 
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framed  in  the  same  way  as  |i  x  |.    We  may 
generalize  this,— -suppose  an  observed  event 
which  may  be  attributed  to  any  one  of  the  n 

causes,  Ci  Cg  c„,  equally  probable  before 

the  event  has  liappened.  Let  tlie  probabiUties 
of  the  observed  event  on  the  hj'pothesis  be  pi 
P2,  and  so  on.    Then  Bayes'  rule  states  that  if 

eoi   eoi)    a 

bilities,  pi  :  p^ 


«  represent  the  dilFerent  proba- 


T'p 


Also  let  the  probabilities  of  anv 


4  jo' 


future  event  in  respect  of  the  different  hypo- 
theses be  py.    Then  n  the  total  probability  of 

the  event  is  +  ^2  '^a  +   Pn  = 

2  p  Z.  If  again  the  hypotheses  be  not  equallv  pro- 
bable before  the  event,  let  X^,  A2,  &c.,  represent 

their  respective  probabilities,  then      = . 

These  formulae  can  only  be  used  when  the  number 
of  hypotheses  is  finite.    By  means  of  a  theorem 


of  differences  2  ^ 


X  Sa;,  we  can  estab- 


3 


We  mav  now  state 


Bayes  rule  of  a  posteriori  probabilities,  which 
■••\i]l  give  us  an  immediate  result  from  these 
numbers.  "The 
iiotheses 


probabilities  of  causes  or  hy- 
are  proportional  to  the  probabilities 
■which  these  causes  give  for  the  events  actually 
observed.  The  probability  of  one  of  these 
causes  or  hj'potheses  is  a  fraction  which  has  for 
numerator  the  probability  of  the  event  in  conse- 
quence of  this  cause,  and  for  denominator  the 
Muin  of  the  probabilities  relative  to  all  the  causes 
or  ii  v])otheses."  This  theorem  in  itself  of  course 
merely  indicates  the  correct  and  prudent  opinion 
Avhich  we  may  form  with  reference  to  any  sjjecial 
subject  of  thought ;  as  in  the  example  considered, 

27  27    16  3 

7-— 16-T3"  ^  4G'   46'  46'    '^'"^  1'™" 


lish  the  following  conclusion  as  to  the  constitit- 
tion  of  an  event,  from  actual  obser\-ation,  where 
the  number  of  hj-potbeses  may  be  considered 
infinite.  If  a  ball,  for  example,  have  been 
drawn  a  great  number  of  times  in  succession 
from  an  urn  and  replaced  everj'  time — the 
number  of  balls  in  the  urn  baing  unknown — 
and  if  the  result  has  been  m  wliite  balls  and  n 
black  balls,  the  probability  of  drawing  a  white 

.  1  .       wi  +  1 
ball  at  the  next  tnal  13 


So  the 


m  +  n  4-  2' 

+  n'  futxu^  trials 


babilities  of  the  different  hypotheses  spoken  of — 
that  is,  in  the  ignorance  in  which  we  stand  as 
to  the  actual  state  of  the  urn.  If  the  same  ex- 
periment were  repeated  a  great  number  of  times, 
we  should  accumulate,  according  to  the  princijiles 
of  the  repetition  of  events,  any  amount  of  proba- 
I>ility  that  these  did  actually  represent  the  true 
state  of  the  case, — i.e.,  in  27  out  of  46  unis  there 
■would  be  three  white  balls;  in  16,  two;  in  3  one; 
i!' a  very  great  number  of  urns  were  taken — From 
fliese  results,  then,  it  is  clear  how  to  find  the 
])robability  of  drawing  a  white  ball  at  the  next 
trial  also.  The  probability  of  the  first  hypo- 
tliesis  is  1^,  and  the  subsequent  probability  of  a 
white  ball  on  that  hvpothesis  is  |.  Hence  ^1 
X'i  +  +  ^  X  A  =  T^.  represents 

the  chance  required;  all  the  dili'erent  values  being 
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probability  of  drawing,  in  m' 
m!  white  and  ?»'  black  balls,  can  be  shown  to  be 


.  m'  +  rv 


m' 


m' 


m 


+  n' 
+  m'  +  n 


+ 

+  n' 


Some  light  may  be  thrown  upon  the  first  res' 
by  shoAving  that,  if  the  urn  be  su]iposed  origin- 
ally to  contain  one  black  and  one  white  ball,  and 
if  a  black  ball  and  a  white  ball  be  supposed 
added  to  it  for  every  black  ball  and  white  ball 
drawn,  then  the  urn  which  would  result  from  Uiat 
process  would  give  cjuite  the  same  probability  of 
drawing  a  white  or  black  ball.  As  an  illus- 
tration, we  may  take  the  probability  of  a  sunrise 
to-morrow  morning — that  is,  the  purely  subjective 
probability — say  on  1st  Januarj',  1837.  Taking 
the  ordinary  era,  tliere  had  then  been  2,131,905 
successive  sunrises — drawn  as  it  were  from  the 
urn  evcrj'  morning,  and  no  failures  in  that  re- 
sult. Hence  n  =  o  and  the  probabilitj'  of  that 
special  sunrise  was  ^-g-rfl^)  "P*^ 
enough  certainty.  Another  question,  resting 
upon  the  same  prmciples,  is  solved  by  Bayei> 


mo 

amel}',  what  is  the  probability  that — given  a 
.  I'tain  uumber  of  appearances  of  an  event — there 
xists  a  cause  for  them.    The  measure  of  this, 

2  n  +  i  —  1 

here  n  is  the  number  of  results,  is  ^  „_|_  £  . 

hus,  if  an  event  has  been  observed  ten  times 
1  succession  the  probability  that  that  is  not  an 

2"— 1  2047 


feet  of  chance  is 


2048 


or  very  near 


;rtainfy. 

It  vnU  be  at  once  evident  how  powerfully  these 
ethods  and  principles  can  assist  in  the  great 
•actical  problem  of  obtaining  from  a  series  of 
i  n-ations  of  a  physical  event  the  most  probable 
ilt  and  the  probable  limits  of  error.  It  is 
ossible  for  us  to  enter  here  into  any  detail 
a  subject  treated  besides  under  Squares, 

lIXnOD  OF.  ' 

^'I.  We  shall  now  try  to  illustrate  the  prin- 
jles  of  probabilities  in  two  veiy  important  ap- 
i  cations.  The  first  is  that  to  the  question  of 
nejifs  depending  on  the  pi-obable  duration  of 
man  life.  The  fundamental  element  or  datum 
the  problem  is  the  probability,  which  observa- 
ms  must  determine,  that  an  individual  of  any 
en  age  will  live  over  a  fixed  time,  sav  one 
:.r.    Thus  if  the  probabilities  for  a  person'aged 

living  over  1,  2,  3,   n  years,  be  Pipops 

...Pn.  and  if      r„,  &c., 

note  the  same  probabilities  for  ^  +  1,  ^  +  2, 
.,  thenp2—pi  =  qip2  —Pi  ?i  =  ?'i,  &c.,  so  that 
the  values  pn  are  given  when  the  set  pi 
&c.,  are  determined  by  observation.  But 
s  is  actually  accomplished  by  careful  statis 
al  work,  viz., — the  accurate  determination,  in 
en  circumstances,  of  the  values  of  pi  q^  &c. 
iv.'  for  annuities.  Let  r  be  the  interest  of  £1  for  a 
\v.  But  V  =  present  value  of  £1  to  be  received 
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cause,  frst,  the  amount  a„  is  not  receivable  till 
after  n  years;  second,  because  it  is  payable  only  on 
the  contingent  event  of  the  annuitant  being  alive. 
Hence  the  temporary  annuity  =  A  —  •y''^„A„. 
The  same  principles  are  carried  into  assurances  of 
lives,  temporary  or  permanent.  We  refer  the 
reader  to  Baily's  Doctrine  of  Life  Annvities  awl 
Assurances;  and  Milne's  Treatise  on  Annuities 
and  Insurances  on  Lives  and  Survivorships. — Our 
other  illustration  refers  to  the  decisions  of  juries 
or  tribunals.  The  case  of  a  witness  making  an 
assertion  may  be  compared  with  the  illustration 
of  an  urn  which  contains  balls  of  two  colours,  and 
from  which  certain  drawinys  show  m  of  iJie 


one  and  n  of  the  other.  Then 


+  1 
m  +  M  +  2 


is  the 


probability  of  the  former  result  recurring.  Let 
the  colours  of  the  balls  represent  true  and  false- 
+  1 

=  w  =  the  veracity  of  the 


Then 


m  +  n  +  2 
n  +  1 


=    1  —  V  = 


er  a  year  is  =• 


£1 
1  +  r 


The  present  value 


the  first  yearly  payment  to  an  annuitant  is 
but  the  probability  of  payment  is  p.  Hence 
I  is  the  value  of  his  expectation.  So  v  is  the 
lie  of  £1  certainly  to  be  paid  after  x  j'ears,  and 
is  the  chance  of  its  being  paid.    Hence,  also 
-  v*px  is  the  value  of  an  annuity  of  £a  from 
=  0,  to  a;  =  such  a  number  that  p^  =  o. 
0  value  of  the  annuity  2     px  may  be  separ- 
d  into  two  parts  2       /)„  +  2      p'  where 
^  taken  on  from  w  +  1  to  the  number  for 
ich  Pjc  vanishes.    The  first  part  is  evidently 
value  of  a  temporary  annuity  to  end  after  n 
rs,  the  second  of  the  deferred  annuity,  only  to 
in  then  if  the  person  be  then  alive.  This 
er  may  also  be  found  by  the  regular  formula 
total  annuities.    Let  a„  be  the  value  of  a 
annuity  for  a  person  aged  y  +  n  years. 
3n  clearly         a„  is  the  value  of  this  (/cyerrerf 


•luity,  the  terms  v"  p^  being  introduced,  be- 


witness ; 

m  +  n  +  2 

chance  of  his  telling  a  really  untrue  storv. 
Now,  suppose  a  witness  to  testify  that  an 
event  whose  d  priori  probabihty  is  p,  has 
taken  place.  Suppose  v  and  w,  which  in  ihis 
case  must  be  roughly  estimated,  under  the  con- 
dition V  +  «;  =  1,  to  represent  the  chance  of 
coiTectness  or  incorrectness  in  his  evidence,  then 
by  the  principles  already  established,  if  be 
the  probability  of  truth  and  *2  that  of  falsehood 


in  the  testimonv 


V  p 


Hence 


vp  +  w  q 


V p  +  w  q' 
From  this  it  appears 


that  the  event  is  made  more  probable  or  less  pro- 
bable by  the  testimony,  according  as  2  _  1  is 
>  orj<  0,  that  is  as  ?;  >  |.  ^  or  <:  ^.  li  v  =. 
■^P  -  »!,  that  is,  the  probability  is  unaltered, 
wnen  a  witness's  character  is  entirely  unknown, 
we  may  suppose  v  to  have  all  possible  values  be- 
tween 0  and  1.    Then     wUl  be  found  by  inte- 


j  ^"'i^v.   Substituting  for     we  have 

K  pv  dv 

Jo  vp  +wq'  ""^^  substituting 

for  w  q  we  have 


grating 


r  -    ,  pvdv 

I    u,  d  V  —  I  

J  a  Jo  ^—P  +  (2p  —  1)  » 

-.  fl-lZL-P,.  log     P  \ 
1  V        2p_l  l-p)^ 
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^  _P 
2p'- 

Tt  is  easy  to  see  how  by  combining  those  elemen- 
tary principles,  it  is  possible  to  determine  the 
probability  given  by  the  concurrent  testimony  of 


ot 
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several  witnesses, — the  concurrent  testimony 
m  and  the  opposing  testimony  of  n,  and  so  on, 
The  case  of  jurors  and  tribunals  is  exactly  ana- 
logous to  this.    They  are  considered  as  witnesses 
to  certain  of  the  circumstances  connected  with 
the  fact,  and  so  forming  an  opinion.    It  is  un 
necessary  and  impossible  here  to  go  into  details, 
All  of  them  assume  a  previous  estabUshment  of 
the  mean  values  of  these  two  data,  the  proba- 
bility of  a  juror's  giving  a  venlict  correct  as  to 
the  facts — and  that  of  the  guilt  or  innocence 
of  the  prisoner  a  priori.    The  probable  values  of 
these  two  essential  elements  were  found  by  Poisson, 
from  statistical  results,  to  be  as  follows: — the 
probability  of  a  juror  giving  a  correct  verdict, 
was  a  little  more  than  f  with  respect  to  crimes 
against  the  person,  and  to  \^  for  crimes  against 
propert}' ;  and — making  no  distinction  of  crimes 
to  be  very  little  below  f .    The  probability  as  to 
the  guilt  of  accused  before  the  trial,was  found  to 
be  about  •63  or  •bi  with  respect  to  crimes  against 
the  person,  and  more  than  ^  for  those  against 
property.    For  crimes  without  distinction  it  was 
very  nearly  -64.   Using  those  data,  the  results  of 
the  formulae  of  which  we  have  spolien,  are,  that  in 
a  hundred  trials  it  will  happen  only  seven  times 
that  the  accused  will  be  pronounced  guilty  by 
seven  against  five.    The  probability  of  a  unani- 
mous verdict  of  not  guilty  is  '0114.    The  proba- 
biUty  of  the  correctness  of  the  verdict  of  seven 
against  five,  is  if,  and  that  of  a  verdict  pro- 
nounced by  seven  against  five  at  least,  is  j-^-^,  so 
that  in  the  former  case  we  may  expect  one  of 
seventeen  to  be  imiocent,  in  the  latter  one  of  119. 
— We  refer  the  reader  for  an  exposition  of  the 
phj'sical  bearings  of  the  theory  of  probabilities 
to  Squares  Least,  Method  of.    The  non- 
scientific  reader  will  find  an  admirable  summing 
up  of  the  subject  in  Quetelet's  Leitres  sur  la 
Theorie  des  Probabilities ;  and  of  treatises  which 
do  not  employ  the  resources  of  the  highest  ma 
thematical  analysis,  Cournot's  Exposition  de  la 
T/ieorie  des  Chances,  and  De  Morgan's  Treatise 
in  Lardfier's  Cyclopmdia  are  the  best  known  and 
perhaps  the  most  valuable. 

Procyoii.  A  fixed  star-  of  the  second  magni- 
tude in  the  constellation  Canis  Minor. 

Projectiles.  The  problem  before  us — to  de- 
termine the  circumstances  of  a  projectile's  patli — 
must,  it  is  evident,  be  complicated  considerably 
by  the  resistance  of  the  air  to  such  motion.  The 
forces  which  operate  upon  the  body  are,  the 
primary  force  of  the  original  projection — the 
continuous  and  uniform  force  of  gravity,  and 
the  force  wliich  the  air  escrts  in  opposition  to 
motion.  We  shall  not  enter  into  details  as  to 
this  latter  force,  and  it  is  clear  that  its  removal 
greatly  simplifies  the  problem.  It  is  usual  first 
to  consider  projectiles  as  acting  "i»  vacuo." 
Indeed,  no  experimental  determinations  of  the 
resistance  of  the  air  have  been  yet  made  so  accu- 
rately, as  to  warrant  our  introducing  them  as  per- 
manent data  in  the  problem  of  projectiles — 
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Suppose,  then,  we  have  a  body  projected  from 
A,  in  the  direction  a  t,  and  let  t  be  the  time 
iri  which  the  body  would  have  reached  t,  with 
the  initial  velocity  v,  if  gl•a^^ty  had  not  been 
acting  at  all.  Then  if  t  p  be  the  space  through 
which  it  would  have  fallen  by  virtue  of  gra- 
vity, during  the  tune  t,  p  will  be  its  position 
at  the  end  of  that  tune  (Cojiposition  op 
Motion). 

But  &.r  =  v  t,v  T  =  g\_. 


Hence  at^  =.  v- 1'' 


2  pt 


XT-  z=- 


2  V 


p  T.    Now  let  h  be  the  height 


from  which  a  body  must  fall  in  order  to  acquire 
the  velocity  v,  then  h  = 


A  t 


V' 

2  =  4  A 


P  T. 


T,  and  taking  a  v 


Drawing  a  v  parallel  to  P 
A  T,  as  oblique  axes  of  x 
and  y  respectively,  this 
equation  assumes  the  form 
=  4:  ax,  the  equa- 
tion of  a  parabola  whose 
axis  is  parallel  to  a  v,  and 
therefore  vertical.  This 
investigation  is  replaced  to  A 
the  more  advanced  student  v 
by  the  following : — Tak- 
ing the  axis  of  co-ordinates 
as  vertical  or  upwards,  and  horizontal — the  ori- 
gm  being  at  the  pomt  a,  the  equations  of  motion 


become 


tegration 


d  X 
It 


d- 


dt- 


=  —  g.    By  in- 


and 

d  t 


where  the  constants  c,  c'  will  depend  on  the  speci  il 
circumstances  of  the  projection.    If  the  vcloci: 
of  projection  be  v,  and  the  angle  which  the  li 
of  projection  makes  with  the  horizontal  axis  be  - 

we  obtain  «  cos  «  =  —  at  the  time  t  =  o.  an 


as 


d  X 


=  c,  we 


dt 

have       =  »  cos  «. 
dt 


Also 


d^ 
d  t 


=  t;  sin  «  =.  e'  when  t  —  o, 


therefore  ^JL  =  —  q  t-\-v  s\n  a. 
dt  ^  ^ 

differential  equations 
final  results,  are 


Hence  tl  • 


from  which  we  obtain 


'•  X 

Ti 
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d  y  .  \  • 

■  V  cos  a.  =  —  fir  t V  &va  a. 

dt  ' 

tegrating  these,  we  have  x  =  v  t  cos  a  -\-  c 

y  =  —       +  «  <  sm  a  -f  c'. 

)W  as  A  is  the  origin,  we  have  for  i  =  o,  a;  = 
uid  ij  :=  o.  Hence,  substituting,  we  find  c 
d  c'  each  =:  o.    ,•.  Finally, 


:  V  t  cos  a. 


y  ~  —  - —  4- V  tarn  a. 
2  ' 


ese  formulae  contain  an  independent  variable  t. 
iminating  this  by  means  of  the  fii-st  of  these 


-,  which 


have  y  =  X  tan  a  —  - — ^  „- 

2      cos''  a 

\  be  at  once  put  in  form  of  the  equation  to  a 
abola  whose  axis  is  vertical  and  stretches 
rnwards.  We  shall  take  several  simple  illus- 
tions  of  these  principles,  in  the  usual  problems 
Jiojectiles.  It  is  required,  for  instance,  to  find 

range  and  the  time  of  flight  of  a  projectile 
j.se  initial  velocity  is  v.  The  range  is  the 
uth  of  a  line  between  the  point  of  projection 
1  and  the  point  q,  where  the  horizontal  axis 
u'ain  cut  by  the  trajectory  of  the  projectile ; 

'ne  of  flight  is  that  occupied  in  passing  from 


3  Q.    Since  kVL  =  v  t^  and  k  q  = 


we 


e  R  Q  ^  A  H  sin  a  =  vtava.  a, 
irefore  2  v  sm.  a,  ~  g    and  t  = 


g± 

2 

2  w  sin  a 


g 

„  .  „       .  „  ,  2  «;  sin  a. 

OAQ  —  ARC0Sa  =  <vc03a  =   X 


cos  a  = 


2       sm  a  COS  a 

g  ' 
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therefore  the  greatest  range  2  h  These  prob- 
lems arc  solved  more  readily  by  means  of  the 
second  equation  given  above,  viz., 

g  ^"^ 

y  =  X  tan  a  ^  • 

2  V  cos  ^  a 

To  find  the  range  we  have  y  =  o  :  therefore 

g 

X  tan  a  —  x~  ■>  — ~  ~       which  gives  two 
2  V  cos-  a 

values  of  X,  x  =  o  (answering  to  the  point  a), 

^2 

and,  from  tan  a  —  „  „  — — -  :r=  o, 
2  v  cos  ^  a 

2     cos^  a  tan  a.  '"^  .  „ 

X  =.  ,  or  x  =  — •  sm  2  a  as 

g  g 

before. — If,  again,  the  body  meet  an  inclined 
plane  (inclined  to  the  horizon  at  an  angle  i),  the 
value  of  X  for  the  point  where  it  meets  it,  is  called 
the  range  on  the  inclined  plane.  The  student 
may  exercise  himself  finding  this  without  the  use 
of  the  formulse,  just  as  we  found  the  range.    Em  - 

ploying  them,  x  tan  i  =:  x  tan  a 

COS"  a' 

which  gives  x  =  o  (answeiing  to  a)  and  x 
=z  cos^  a  (tan  a  —  tan  i)  =  cos  x 
sin  a  cos  i  —  cos  a  sin 


(sir 


cos  a  cos  % 


sin  i  ^ 


2       cos  a 

=         •  :  •  sm  a  —  j)  where  a  —  i\s  the 

g      cos  % 

inclination  of  the  original  projection  to  this  plane. 
Again,  to  find  t,  we  have  x  =  v  t  cos  a,  by  tha 
formula 

X   2  v'    cos  a 

cos  i 


.•.t  = 


I  since  2  sin  a  cos  a  =  sin  2  a, 

,           ^      ■y'^  sin  2  (B 
A  Q  =  r  (or  range)  =  

g 

a  these  formulse  it  is  only  necessary  to  sub- 
ate  for  V,  a  (which  depend  upon  the  special 
Wem),  and  .9  (32-2  feet),  their  special  values, 
tder  to  obtain  the  range  and  the  time  of  flight. 
S  greatest  range  for  a  given  initial  velocity  will 
Itotained  when — v  being  considered  constant — 
fann  2  <E 

 becomes  the  greatest  possible,  as 

lie  case  when  sin  2  a  =  1,  and  when,  there- 
!  2  a  =  90°  or  a  =:  45°.  Hence  a  shot  in 
MO  would  have  greatest  range  if  fired  at  an 
(eof  4.5°  to  the  horizon.  In  that  case  the 
_  - 

-■6=  —  Now,  if  h  be  the  height  due  to  a 

iDity  V,  we  have  2  gh  =  v^,2  k  =  — ,  and 
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sin 


V  cos  a  g 


VCOSa 


COS  I 

2  V 


which,  if  i  =  o,  becomes  as  it  ought  ='.  sin  a 

g 

When  the  body  reaches  its  greatest  height  


we  have  ^"^  =  0  =  tan  a 


2  gx 


2  a.  cos''  a 


2v' 


«  =  -5—  cos^  a  tan  a  = 

^g 


2^-2sin«cos«  =  _ 


sin  2  a. 

Also,  substituting  in  the  formula  for  x,  we  get 

y 


-  (sin^  a  _  i  sin^  a,)  =  —  •  sin^  «, 

From  this  we  see  that  the  greatest  heiglit  is 
reached  just  above  the  middle  of  thclino  a  (j 

■!?■ 

and  is  equal  to      sin^  » 
2  g 


pno 

If  we  desire  to  secure  that  the  curve  shall  pass 
tlirouffh  the  point  whose  co-rirdinates  are  a;', 
we  must  have  such  value  of  a  as  will  satisfy 
the  equation 


y'  =  X'  tan  a  — 


2  '«  COS  a. 


f  >r  a  given  velocity  v  (practically  for  a  given 
c  hiirge  of  powder),  an  equation  which  gives  the 
following  result, 


tan  »  = 


w±^V  V*  —  2     gy'  —  g"  x'^ 


9  X' 

So  that  if  >  2  5f  2/'  +  g"^  a;'^  we  have  tAvo 
vaUies  for  tan  a,  if  =  2  v'^  gy'  -j-  g'^  x''^,  we 
liave  only  one,  and  if  g  y'  -\-  g^  x'', 

no  value  is  possible.  It  is  at  once  clear  that  only 
the  value  of  a  need  be  taken,  which  is  below  90°. 
— The  equation  =  2  9  y'  -\-  9^  ^''^  ex- 
I)resses  the  parabola  which  is  called  the  envelope 
of  all  those  which  correspond  to  different  values  of 
a,  that  is,  which  touches  them  all.  Hence  if  the 
point  X',  y',  lie  without  this  curve,  it  will  be  im- 
possible, as  is  otherwise  clear,  that  any  shot  fired 
M'ith  velocity  v  should  pass  through  it — Again, 
if  we  are  to  find  v  for  a  gi^  en  value  of  a,  so  that 
the  curve  may  pass  through  x',  y\  e.g.,  having 
given  the  elevation  of  cannon  or  mortars,  required 
practically  the  charge,  which  will  enable  them  to 
strike  a  given  object, 


y'  =  X'  tan  a  — 


gx" 


COS"  ee, 


gx" 


2  ■iP'  COS^  a, 


=  y'  —  x'  tan  « 


2     cos^  a.  = 


gx'^ 


y'  —  x'  tan  a, 


g  X'- 


2  cos-  a.  {y'  —  X'  tan  a)* 
An  equation  wnich  is  impossible  in  the  single 
case  y'  x'  tan  a,  and  which,  i^y'  =  3^  tan  a, 
requires  and  therefore  the  charge,  to  be  infinite. 
The  meaning  of  tliis  condition  is  evidently  that 
3/',  X',  must  not  be  higher  than  the  line  which 
passes  the  origin,  at  an  angle  a.  to  the  axis  of  x ; 
not  higher,  that  is,  than  the  course  of  a  projectile 
shot  off  at  an  elevation  a,  if  gravity  did  not  exist. 
— The  equations  of  motion  for  the  case  of  bodies 
in  air  are  much  more  complicated.  AVe  require 
to  make  hypotheses  of  laws  of  fluid  motion,  and 
to  assume  experimental  data,  not  j'ct  clearly 
determined.  We  refer  the  reader  to  IM.  Duhamcl's 
Mecanique  for  the  full  investigations.  We  shall 
only  indicate  how  very  great  is  tlie  importance 
of  the  most  accurate  determination  of  the  points 
yet  in  dispute,  by  one  illustration.  For  a  velocity 
of  1,000  feet  per  second,  tlie  resistance  of  air  to 
a  leaden  ball  of  an  inch  in  diameter  and  spherical 
in  shajie  would  be  equal  to  52  oz.  But  its  weiglit 
is  only  about  .3^  oz.  Hence  the  re-i.-stance  lias 
come  to  have  about  fifteen  limes  the  effect  whicli 
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gravity  would  have  upon  the  motion  of  the  ball 
In  such  a  case  the  investigations  which  precvdu 
would  be  of  almost  no  practical  use. — Ujjou 
the  hypothesis  that  the  resistance  of  the  air  varies 

as  g  and  as     we  may  express  it  as  -^^r,  h  h  ' 

a  constant  experimentally  determined.  Calli 
s  the  arc  of  the  trajectory  from  the  poin| 
starting,  we  obtain  the  following  equation  of 
trajectory,  \ip  =  tan  a. 

p  VT+^ -f  log  Q)  +  V  1 

wliere  a  and  6  are  the  initial  values  of  v  and 
y  being  determined  by  making  s  =  0,  p  =  id,'. 
which  gives 

y  =  tanS  sec  S  -{-  log  (tan  ^  -|-  V  1  -j-  taii- 


'    a-  CQ^  i 


=  tan  ^  sec  ^  -|-  log  (tan  ^ -\- sec     -\-  sec 

This  equation  of  the  trajectory  contains  s,  wLi 
is  by  no  means  a  convenient  element.  1 
differential  formulaj  in  which  the  curve  may  : 
expressed  are  given   fully  in   Duhamel,  a: 
numerous  interesting  practical  cases  in  which  i' 
very  complex   original   equation  becomes 
simplified  as  to  admit  of  easy  solution  are  fu 
considered. — It  has  not  been  thought  necessa 
to  remark  that,  in  vacuo  at  least,  and  where  t 
resistance  of  the  air  is  in  a  line  i)erpendicul 
to  the  path,  all  the  motion  would  take  pi- 
in  one  plane.    This  would  not  be  the  case,  vr 
the  projectile  passing  through  a  medium  'n> 
agitated  In  arbitrary  directions.     The  efll 
however,  of  high  winds  or  the  like,  upon  i 
motion  of  projectiles  probably  can  ncMr 
accurately  estimated.    As  it  is  clear,  ' 
that  the  resistance  will  vary  with  the  di 
the  medium,  experimental  determinations  oi 
must  be  made  for  the  actual  circumstancef 
everj'  special  case. — ^Ye  append  to  this  gene- 
sketch  of  the  theory  of  projectiles  a  \ery  bcauti 
geometrical  method,  hy  Mr.  Galbraith  of  Dubli 
for  determining  the  complete  circumstances  of  pi 
jectile  motion  in  vacuo. — Let  b  x  be  the  direct; 
of  the  projectile,  and  n  the 
initial    position.     Draw  the 
vertical  n  11  =  4  h,  h  being 
the  height  due  to  v.  Suppose 
tlie  projectile  to  strike  upon 
the  plane  r'  p  m  r  at  n,  and 
draw  K  T  meeting  n  t,  and  tm  ; 
r'  a  H'  iierpcndicular  to  the 
plane ;  also  11  11'  poqiendieular 
to  n  II,  through  H.  Bisect 
»  II'  in  o.    Join  o  T, 
the  plauc.  Then 


M  K 
Fig.  2. 

and  draw  T  N  parallel 
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B  T  =  r  i,  B  T-  =  i*. 


B  T-  =  B  H  ' 


TK  = 


B  T-  =  B  H-  T  R. 


11  the  similarity  of  the  triangles  b  h  h',  and 
R,  we  have  b  h-  t  r  =  b  h'-  t  M.  =  2  o  b' 
1''.  Again,  b  t-  =  b     +  o     —  2  b  o-  o  n 

.-.  O  T-  =  B       _  B         +  2  B  O-  O  N 
=  B  T-  —  2  O  B^  +  2  B  O  •  O  N  +  B  O''' 
'  O  B  •  N  P'_  2  O  B-  -|-  2  B  O  •  O  N  +  B 

=  2  O  B  (n  P'_  O  B  +  O  n)  +  b  o- 
=  B  n'  •  B  P'  +  B  O". 

■  all  the  quantities  b  h',  b  p',  b  o,  are  deter- 
1  quite  independently  of  the  direction  b  t, 

which  the  projectile  moves,  and  therefore 
lave,  whatever  tiiat  angle  be,  o  t,  an  invari- 
quantity.  Hence  we  can  readily  construct 
circle,  by  drawing  b  z  perpendicular  to  h'  p' 
a  mean  proportional  between  b  n'  and  b  p', 
by  describing  it  from  o  as  centre  with  o  z 
isilius. — Suppose  ^ve  wish  to  find  the  farthest 
e  along  the  plane  p'  r.    We  have  only  to 

the  vertical  line  which  is  tangent  to"  the 

;  and  this  may  be  done  by  drawing  the  hori- 
al  radius,  and  the  tangent  at  its  extremity, 
point  where  the  vertical  cuts  the  plane  will 
;ntly  be  that  required  ;  and  the  line  of  pro- 
>n  will  be  that  from  b  to  the  extremity  of 
adius.  The  usual  proposition  that  this  line 
N  the  angle  between  the  plane  and  the  ver- 

an  be  readily  proved.  As  to  all  points  on 
lane  beyond  this  point  of  maximum  range, 
iiojectile  shot  off  with  the  velocity  v  can 
through  them  anyhow;  and  for  all  points 
in  it,  it  is  clear  that — if  e  represent  one 
lem — two  directions,  b  t  and  b  t'  can  be 
'i  for  the  projectile,  by  drawing  the  vertical 
p.  T  T'.  The  most  important  theorems  of 
ctiles  in  vacuo  can  thus  be  shown  to  be  true 
lis  geometrical  method. — We  subjoin  certain 

■  i  mental  results  relative  to  the  comparative 
'  ^  of  charges  of  powder  in  communicating 
aty  to  projectiles.  We  have  hitherto,  it  will 
■tn,  simjilj'  considered  a  certain  velocity  as 
illy  given.    The  present  inquiry  shows  us 

to  give  it,  and  that  most  economically, 
I  leans  of  powder.  The  results  were  ob- 
1  by  the  use  of  Robin's  ballistic  pendu- 
The  experiments  and  results  are  fully 
ltd  in  the  Philosophical  Marjazine,  June, 
,  in  a  paper  by  Mr.  Haugiiton.  We  can  only 
•^^ribe  an  abridged  account  of  these  results. 

experiments  were  used — 1.  A  two-grooved 

length  31^  inches,  diameter  60  inch  with 
urn  in  four  feet. — 2.  The  regulation  minio 

length  39  inches,  diameter  -G'J  inch.  — 3. 
e  carbine;    length  28^  inches,  diameter 
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■66  inch.  With  these  guns  were  used  the  follow- 
ing:— With  the  first — 1.  A  minie  bullet  with 
two  projections  con-esponding  to  the  grooves, 

without  "  culot,"  weight  697  grs  2.  A  sugar 

loaf  bullet,  fired  point  foremost,  weight  6695- 
grs. — 3.  A  belted  spherical  bullet,  weight  482 
grs.      With  the  minie — the  regulation  minie 
bullet  with  "culot,"  weight  744  grs.    With  the 
carbine — a  spherical  bullet,  weight  391  gi-ains. 
We  have  the  following  final  results  of  expeii- 
ment: — 1.  That  the  quantity  of  motion  com- 
municated by  a  given  quantity  of  powder  to  tlie 
minie  bullet,  discharged  from  the  regulation  rifle, 
is  greater  than  that  possessed  by  any  of  the  other 
bullets;  the  result  due  partly  to  the  greater 
weight  of  the  bullet,  partly  to  the  greater  lengtli 
of  the  rifle. — 2.  That  the  quantity  of  motion 
communicated  to  the  belted  bullet  discharged 
from  the  two-groove  or  Brunsvrick  rifle,  is  less 
than  that  possessed  by  the  other  rifle  bullets; 
the  result  being  due  to  the  greater  weight  of  the 
belted  bullet — 3.  That  from  the  greater  friction 
in  the  rifle  barrel,  the  quantities  of  motion  for 
the  carbine  and  belted  rifle  bullet  are  equal. — 4. 
That  in  passing  through  eighty  feet  of  still  air,  the 
quantitj'  of  motion  in  the  minie  bullet  was  di- 
minished by  Jg-;  in  the  sugar-  loaf  bullet  by  y\; 
and  in  the  belted  bullet  by       this  remarkable 
inferiority  in  the  latter  being  due  chiefly  to  its 
shape.— 5.  That  the  adaptation  of  bullets  of  the 
proper  weight,  shaped  like  the  minie,  with  two 
side  projections  to  fit  the  grooves,  would  make 
the  Brunswick  two-groove  rifles  in  possession  of 
the  British  rifle  service,  as  effective  as  the  regula- 
tion minie  rifles.    The  weight,  calculated  theo- 
retically, of  these  bullets  would  have  to  be  967 
grains,  or  1^  to  the  pound.    It  results  in  general 
that  tlie  velocity  with  which  a  bullet  is  projected 
from  a  rifle  by  means  of  a  given  charge  of  powder, 
mainly  depends  on  the  weight  of  the  bullet  and 
length  of  the  barrel — varymg  inversely  as  the 
square  root  of  the  former,  and  directly  as  the 
square  root  of  the  latter. 

Projection.  The  projection  of  a  figure  upon 
any  surface  is  obtained  by  drawing  from  a 
given  point  of  sight,  or  central  point,  lines  to  all 
points  of  the  figure,  and  producing  them  till  thev 
meet  the  surface.  The  total  figure  made  of  ail 
these  points  of  meeting,  is  the  projection,  for  the 
data  given. — Several  principles  of  projection  be- 
come at  once  evident.  1.  The  projection  of  a 
straight  line  on  a  plane  is  a  straight  line, — for 
evidently  it  is  the  line  of  intersection  of  the  given 
plane  with  the  plane  which  passes  through  the 
point  of  sight  and  the  given  line ;  hence,  points 
which  lie  on  a  straight  line  in  the  original  figure 
will  be  projected  upon  a  straight  lino:  lines 
which  meet  in  a  point  in  the  original  figure  will 
be  projected  into  lines  meeting  in  a  point:  tan- 
gents to  curves— as  the  limits  of  chords— in  the 
original  figure,  will  Ije  projected  into  correspond- 
ing tangents,  and  so  on. 

1,  We  shall  begin  this  article  with  a  brief 
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accountof  the  practice  of  projection  in  common  use. 
— In  map  drawing,  for  instance,  we  have  to  solve 
the  problem  how  to  represent  upon  a  plane  surface 
the  solid  body  of  the  earth,  so  as  accurately  to 
suggest  its  forms.  The  methods  of  approximating 
to  such  a  solution,  we  propose  to  exhibit. 

(1.)  Orthographic  Projection  The  point  of 

sight  spoken  of,  is  here  considered  as  at  an  in- 
finite distance  and  in  the  axis  of  the  plane. 
Evidently,  therefore,  all  points  on  the  spherical 
surface  will  be  projected  by  drawing  perpendi- 
culars on  the  plane.  Now,  for  surfaces  near  the 
centre  or  top  of  the  hemisphere,  this  will  be 
nearly  an  accurate  representation.  In  fact,  at 
these  points,  the  sphere  is  very  nearly  a  plane 
parallel  to  that  of  projection,  and  the  picture  of 
such  a  plane  would,  it  is  evident,  be  given  with 
complete  truth.  But  for  points  near  the  edge,  the 
surface  of  the  sphere  on  the  contrary,  approaches 
to  a  plane  perpendicular  to  that  of  projection.  Hence 
this  projection  on  the  plane  of  the  equator  answers 
very  well  for  points  near  the  pole ;  and  on  the 
plane  of  any  great  circle  for  points  near  its  pole ; 
but  it  becomes  utterly  useless  as  we  move  down 
towards  the  plane  of  projection.  In  making  the 
projection,  only  one-half  of  the  sphere  is  projected 
upon  the  one  plane.  Suppose  that  to  consist  of 
an  upper  and  lower  surface,  separable,  but  con- 
nected at  one  extremity  of  a  diameter.  Suppose 
now  the  lower  side  to  be  moved  around  this  hinge 
180°,  the  lower  side  will  come  to  be  seen  by  an 
eye  looking  at  the  upper.  We  see  this  projection 
in  the  pair  of  maps  of  the  two  hemispheres 
usually  found  in  atlases.  It  is  fortunate — for 
the  truth  of  the  projection — that  near  the  edges 
of  the  plane  of  projection,  sea  and  not  land  is 
most  copiously  found,  so  that  the  picture  does 
not  so  manifestly  suiFer.  The  orthographic  pro- 
jection is  made  usually  upon  the  plane  of  the 
equator  or  of  a  meridian.  In  the  former  case  it 
is  clear  that  the  meridians — great  circles  all 
through  the  pole — -will  be  projected  into  straight 
lines,  all  through  the  point  which  is  the  pro- 
jection of  the  pole.  In  the  latter,  the  cuxles 
of  latitude  will  be  projected  also  into  straight 
lines,  perpendicular  to  the  axis  of  the  sphere. 

(2.)  Slereographic  Projection. — In  this  the 
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point  cf  sight  is  considered  to  bo  at  the  pole  of  the 
plane  of  projection,  remote  from  the  hemisphere 
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to  be  projected.  Everj'  circle  is  here  projected  into 
a  circle.  As  planes  of  reference,  M"e  have  either 
the  plane  of  the  meridian,  the  plane  of  the  equa- 
tor, or  an  oblique  plane, — the  latter  however  used 
less  frequently.  It  is  clear  from  the  figure  that 
there  will  be  less  crowding  and  distortion  of  parts 
in  general  than  in  the  orthographic  projection— 
though  still  too  considerable  an  effect.  Here,  too, 
a  little  consideration  will  show  that  the  parts  near 
the  centre  will  be  more  crowded  than  those  more 
removed,  but  the  projections  of  circles  intersect 
under  the  same  angle  as  the  circles  themselves, 
so  that  the  relative  positions  are  in  so  far  re- 
presented. 

(3.)  Globular  Projection— The  point  of  sight  is 
here  so  chosen  that  if  a  d  c 
be  bi-sected,  and  each 
part  projected  into  o  p, 
p  c,  o  p  and  p  c  will  be 
equal.    This  is,  in  fact, 
something  equivalent  to 
making  two  centres,  p, 
and  the  coiTesponding 
point  p',  of  closely  ap- 
proximate correctness.  It 
is  easj'  to  see  by  simple 
trigonometry  that  S  H  : 
AO ::  sin  45°  :  1. — A  mo- 
dification of  this  projec- 
tion, called  the  equi-distant  projection,  is  some- 
times used.  Draw  a  circle  and  within  it  two 
diameters  at  right  angles.    Assume  the  verti- 
cal one  as  the  axis  of  the  sphere,  and  divide 
the  horizontal  mto  equal  parts.    Through  tlie 
poles,  and  each  of  the  points  of  divibion  de- 
scribe a  semicircle.    These  semicircles  all  re- 
present projections  of  the  meridians.  Di\-ii!e 
each  quadrant  into  equal  parts,  and  number  them 
from  the  equator  to  each  pole.   Divide  the  vertical 
semi-diameters  into  the  same  number  of  equal 
parts,  and  number  these  from   the  equator. 
Through  corresponding  points  of  division  ou  the 
same  hemisphere  draw  arcs  of  circles :  these  will 
represent  the  projections  of  circles  of  latitude.— 
The  circles  of  the  sphere  may  be  projected  on  the 
plane  of  the  equator,  as  follows:— Draw  a  circle 
and  divide  it  into  equal  sections  by  diameters; 
these  will  represent  the  projections  of  meridians. 
Divide  any  radius  into  equal  parts,  and  throur 
the  points  of  division  draw  circles  concentric  wit 
the  assumed  circle ;  they  will  represent  the  p" 
jection  of  equi-distant  circles  of  latitude.  Th 
equi-distant  projection  differs  from  the  global 
chiefly  in  thu;,  that,  in  the  former,  all  circles 
the  sphere  are  projected  into  ellipses  with  smal 
eccentricities,  whereas  in  the  latter  they  a 
taken  to  be  perfect  arcs  of  circles.    In  bo 
equal  distances  and  spaces  on  the  surface  of 
sphere  are  represented  by  equal  or  nearly  eq 
.spaces  of  projection;  and,  consequently,  the 
lative  dimensions  are  better  preserved  than 
either  of  the  preceding.    But  the  projccUons 
circles  do  not  intersect  under  the  same  angle 
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circles  themselves,  so  that  the  forms  of  parts 
tlie  surface  are  considerably  distorted — the 
^re  so,  the  more  distant  they  are  from  the 
itre  of  projection.   On  the  whole,  therefore,  tlie 
reographic  projection  appears  to  unite  most  ad- 
:age  and  smallest  disadvantage,  so  that  it  is 
iiionly  adopted. — These  are  the  only  projec- 
iis  ui  much  use  for  the  whole  sphere.  The 
'  Aving  are  employed  for  parts  of  it. 
; .)  The  Gnomonic  Projection. — In  it  the  eye 
iken  to  be  at  the  centre  of  the  sphere,  and  the 
rence  plane  is  tangent  to  the  surface  at  same 
t,  called  for  the  time  the  principal  point. 
meridian  through  the  principal  point  is 
1  the  principal  meridian — the  circle  of  lati- 
through  it  the  principal  parallel,  and  its 
distance,  the  principal  j)olar  distance. — 
1  the  principal  point  is  at  the  pole  of  the 
e  the  meridians  will  evidently  ^36  projected 
straight  lines,  passing  through  it  and  mak- 
angles  equal  to  those  between  the  meridians 
11  selves.   The  circles  of  latitude  will  evidently 
^rejected  into  circles,  with  the  piincipal  point 
centre,  and  with  radii  equal  to  the  tangents  of 
e  polar  distances. — Next  when  the  principal 
1 1  is  on  the  equator.  In  this  case  the  meridians 
projected  into  parallel  straight  lines,  sym- 
ally  arranged  round  the  line  of  projection 
principal  meridian.    The  circles  of  lati- 
are  projected  into  arcs  of  hyperbolas,  whose 
res  are  at  the  prmcipal  point,  and  whose 
-verse  axis  is  the  projection  of  the  principal 
!ian.  —Third,  when  the  principal  point  is  on 
L-  of  any  circle  of  latitude — that  is,  anywhere 
on  the  sphere.    The  meiidians  are,  in  this 

■  projected  into  straight  lines  passing  through 
ii  ojection  of  the  pole,  which  is  on  the  line  of 
■ction  of  the  principal  meridian,  and  distant 

line  equal  to  the  product  of  the  radius  by 
uigent  of  the  principal  polar  distance.  The 
T  of  latitude  whose  polar  distances  are  less 
the  inclination  of  the  polar  radius  to  the 
IS  of  the  principal  point,  are  projected  into 
-es.    That  which  has  its  polar  distance  just 
1  to  this — into  a  parabola,  and  all  others  into 
Ijolas.    The  principal  axis  of  all  these 
is  the  projection  of  the  principal  meridian, 
projection  is  not  much  used,  and  only  for  a 
'  space  near  the  principal  point;  since  the 
■  its  of  very  small  arcs  are  very  nearly  equal 
le  arcs  themselves.   It  seldom  happens  that 
principal  point  but  the  pole  is  practically 
1-    For  this  position,  however,  it  appareucly 
lies  a  defect  in  Mercator's  projection. 

■  )  The  Polar  Projection. — In  this  case  the  eye 
'<>  at  the  centre  of  the  sphere,  and  the  prin- 
plane  is  the  plane  of  one  of  the  polar  circles, 
meridians  are  projected  into  straight  lines, 

cting  each  other  at  the  point  in  which  the 
'live  plane  cuts  the  axis  of  the  sphere, 
ng  angles  with  each  other  equal  to  the 
■3  made  by  the  meridians.  The  circles  of 
ide  are  projected  into  concentric  cu-cles,  and 
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so  on.  The  projection  only  serves  for  a  zone 
within  a  few  degrees  on  each  side  of  the  polar 
circle,  and  may  be  used  like  the  preceding  in 
supplement  to  Mercator's  projection. 

(6.)  The  Conic  Projection. — In  both  varieties 
of  this,  the  eye  is  supposed  to  be  at  the  centre 
of  the  sphere  and  the  characteristic  of  the  pro- 
jection is  that  the  sphere  is  projected  upon  a 
cone,  which  is  afterwards  rolled  or  developed 
upon  a  plane  tangent  to  it,  along  one  of  its  ele- 
ments.   The  first  variety  of  this  projection  is 
when  the  cone  is  a  tangent  cone.    Suppose  it 
to  be  tangent  to  the  surface  of  the  sphere  along 
the  middle  circle  of  latitude  of  the  zone  which  is 
to  be  projected.    Evidently  the  meridians  wiU  be 
projected  into  right  lines  intersecting  at  the 
vertex  of  the  cone,  and  developed  on  the  tangent 
plane  into  straight  lines  also.    The  circles  of 
latitude  will  be  projected  into  circles  of  the  conic 
surface,  and  are  developed  into  arcs  of  cu-cles 
whose  common  centre  is  the  development  of  the 
conical  vertex.   The  second  description  of  cone  is 
a  secant  cone.    It  is  passed  through  circles  of 
latitude  equi-distant  from  each  other  and  from 
the  extreme  circles.    In  fact  the  tangent  cone  is 
just  the  limit  of  this  secant  cone,  when  the  two 
circles  of  latitude  through  which  it  passes  come 
to  coincide.    The  method  of  construction  and 
the  whole  properties  of  this  projection  are  ex- 
tremely similar  to  those  of  the  other  case. 

(7.)  There  is  further  the  Cylindrical  Projection. 
— Here  the  projection  is  made  on  a  cylinder  taken 
as  tangent  to  the  sphere,  intersecring  it  in  the  equa- 
tor plane,  and  the  projection  upon  this  surface  is 
then  unrolled  as  in  the  case  of  the  tangent  and 
secant  cones.  A  modification  of  this  projection, 
called  Mercator's,  is  very  extensively  used  in 
projecting  saiHng  charts.  Both  meridians  and 
circles  of  latitude  are  projected  into  straight 
lines.  The  meridians  are  represented  by  parallel 
straight  lines,  at  equal  distances  from  each  other. 
The  parallels  of  latitude  are  represented  bv 
straight  lines,  whose  distances  apart  increase 
nearly  as  the  length  of  a  degree  of  longitude 
decreases.  The  loxodromic  curve  (Rhujib)  is 
represented  by  a  straight  line,  and  this  is  per- 
haps the  most  important  advantage  possessed  by 
this  kind  of  projection,  because  it  corresponds 
with  the  most  important  apparent  fact  in  the 
mind  of  the  seaman.  We  may  understand  how 
the  chart  is  constructed  by  considering,  a  priori, 
how  this  all-important  condition  is  to  be  ful- 
filled. Assuming  the  projections  of  the  me- 
ridians as  equi-distant  straight  lines,  it  is  clear 
that,  as  we  recede  from  the  equator,  the  scale 
upon  which  a  dcgi-ee  of  longitude  is  represeutetl 
m.ust  continually  increase.  Hence,  that  the 
chart  may  fulfil  the  required  condition,  the  scale 
of  latitucle  is  made  to  increase  in  the  same  pro- 
portion. Now  the  lengtii  of  a  degree  of  longitude 
in  any  latitude  is  equal  to  the  length  of  a  degree 
of  longitude  at  the  equator,  multiplied  by  tho 
cosine  of  the  latitude ; — hence,  since  the  degree  of 
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longitude  is  represented  on  the  chart  by  one  uni- 
form distance,  it  is  evident  that  the  scale  increases 
inverselj'-  as  the  cosine  of  the  latitude— that  is, 
directly  as  the  secant  of  the  latitude.  The  scale 
of  latitudes  must  therefore  increase  in  this  propor- 
tion. It  is  sufficiently  evident  that  it  wovild  be 
absurd  to  represent  the  regions  near  tlie  poles 
upon  such  a  scale,  because  on  account  of  the 
largeness  of  the  secant  for  such  higli  latitudes, 
the  scale  of  representation  would  be  almost  \nth- 
out  limit 

(8.)  The  EomolograpMc  Projection. — An  en- 
tirely new  idea  as  to  the  construction  of  Geographi- 
cal Maps, — approximated  to  by  Flamsteed.  We 
owe,  however,  to  M.  Babinet  the  starting  and 
resolution  of  the  problem — how  shall  a  map  of 
the  earth  be  laid  down  on  a  plane  surface,  so  that 
the  suifaces  as  represented  shall  have  the  actual 
ratios  of  the  real  surfaces  ?  So  that  Africa,  for 
instance,  measured  upon  the  map  by  a  Plani- 
meter,  and  Europe  measured  by  a  Planimeter, 
shall  have  the  ratio  of  the  actual  surfaces  of  these 
continents?  And,  further,  so  that  the  relative 
directions  shall  be  preserved  ?  No  one  can  doubt 
the  importance  of  maps  constructed  on  such  a 
principle;  although  it  is  an  error  to  term  it  a 
jyrojection,  inasmuch  as  it  has  no  relation  to  any 
special  point  of  sight.  The  scientific  part  of 
tlie  problem  was  resolved  by  aid  of  M.  Cauchy, 
who  reduced  it  to  the  solution  of  a  transcendental 
Equator.  M.  Babinet  is  at  present  engaged  in 
publishing  an  Atlas  constructed  on  this  principle; 
and  assuredly  his  enterprise  merits  full  success.  A 
series  of  maps  so  constructed  must  be  of  greatest 
value  to  the  statist,  as  well  as  to  the  inquirer 
into  the  physical  attributes  of  the  earth.  Our 
next  Great  Physical  Atlas  must  be  constructed 
on  the  Homolographic  method. 

II.  But  the  foregoing  are  only  practical  uses, 
and  these  of  a  limited  kind,  of  the  now  fertile 
and  important  method  of  Projection.  In  its  true 
significance,  it  is  a  powerful  Geometric  INIethod, 
brouglit  into  use  in  recent  times,  by  whose  aid 
propositions  demonstrated  to  be  ti-uo  in  a  single 
instance,  or  of  a  single  /o?to,  may  at  once  be  in- 
ferred to  be  true  with  regard  to  all  forms  into 
which  that  primal  form  may  be  projected.  The 
Theory  of  Projection,  in  this  largest  sense,  con- 
sists in  scrutinizing  and  laying  dow  the  special 
circumstances  under  which  so  large  an  inference 
is  justified :  perhaps  it  is  not  too  much  to  say 
that  its  fertility  is  already  sucli,  as  to  enable  the 
purer  and  more  satisfactory  methods  of  ancient 
(Joomctry  to  cope  in  the  attribute  of  generality, 
with  tlic  analytical  sclieme  founded  by  Des  Cartes. 
A  few  Ulustrations  of  its  elements  and  progress  is 
all  that  can  be  offered  here.— It  is  clear  tliat  to  any 
point  in  tlie  one  figure  will  alwaj'S  correspond  one 
in  the  otlier.  Suppose  the  case  limited  to  projec- 
tions upon  a  plane,  then  a  right  line  will  always  be 
projected  upon  a  plane  into  a  right  line.  Again, 
any  curve  will  be  projected  into  another  curve  of 
the  same  degree,    lor  the  degree  of  a  cur\  e,  as 


is  well  known,  depends  upon  the  number  of  points 
in  which  an}'  general  straight  line  will  intersect 
it.    Now,  if  this  general  straight  line  be  pro- 
jected into  another  line  cutting  the  curve  of  pro- 
jection, we  shall  have  here  also  a  straight  line 
cutting  that  curve  in  the  same  number  of  points; 
and  therefore  the  projected  curve  will  be  of  the 
same  degree.    Hence  the  only  curves  into  which 
it  is  possible  to  project  a  circle  upon  a  plane 
are — a  parabola,  an  ellipse,  or  a  hyperbola.  We 
have  already  shown  that  a  tangent  to  the  ori- 
ginal curve  will  be  projected  into  a  tangent  to 
the  projected  curve.    It  is  easy  to  see,  beside-, 
that  if  two  curves  touch  in  anj'  points,  their  pro- 
jections will  touch  in  corresponding  points.  Also, 
if  a  plane  through  the  vertex,  parallel  to  the 
plane  of  projection,  meet  the  original  plane  in  a 
line  A  B,  then  anj'  pencil  of  lines  diverging  from 
A  B  will  be  projected  on  the  plane  of  projection 
into  a  system  of  parallel  lines.    For  manifestly 
they  are  projected  into  right  lines,  and  the  point 
A,  the  projection  of  which  is  common  to  all,  is 
projected  to  an  infinite  distance.  Converseh'  any 
sj'stem  of  parallel  lines  in  the  original  plane  is  pro- 
jected into  a  system  of  lines  meeting  on  a  point  in 
D  F,  where  a  plane  through  the  vertex,  parallel  to 
the  original  plane  is  cut  by  the  plane  of  projection. 
We  see  now,  from  these  propositions,  that  if  any 
property  of  a  given  curve  involves  not  the  magni- 
tude but  only  the  positions  of  lines  or  angles,  this 
property  will  be  true  for  any  cun^e  into  which  tlie 
first  can  be  projected.    We  may  thus  generalize 
immediately  our  conclusions  respecting  the  circle 
in  many  cases.   For  instance ; — "  if  through  any 
point  in  the  plane  of  a  circle  a  chord  be  drawn,  the 
tangents  at  its  extremities  meet  on  a  fixed  hno '' 
But  the  circle  may  be  projected  into  any  cor. 
therefore,  if  through  a  point  in  the  plane  of  ai.. 
conic  a  chord  be  drawn,  the  tangents  at  its  ex- 
tremities meet  in  a  point.    Again,  Pascal's  a 
Brianchon's  theorems  (see  Polars)  may 
first  most  conveniently  proved,  tlie  first  by  t 
metry,  the  second  by  means  of  polars  with  • 
spect  to  the  circle.     But  these  are  evidciv 
theorems  of  position,  and  hence  they  must  1) 
true  also  for  all  conies.    Such  properties 
these  are  called  projective  properties.  Th 
are  many  projective  properties  which  invoi 
the  magnitudes  of  lines  also.    For  example, 
anharnionic  ratio  of  any  four  points,  A.  n,  i'-  ' 
in  a  right  line— being  measured  by  the  ratios 
lines  of  angles  from  o,  the  vertex  of  the  iicnci! 
ABC  n— will  be  unchanged  for  a  &  c  rf,  where : 
four  lines  are  cut  by  any  transversal.  Ynn^ 
if  there  be  an  equation  between  any  sets  of  pp' 
on  a  right  line,  such  as 

K.AB.CD.BF-}-K.AC.BE.r)F 
+  M  .  A  D  .  C  E  .  B  F,  &C.,  =  0, 

where  in  each  equation  we  liave  the  same  poi 
mentioned,  though  in  different  orders,  we  sh' 
have,  bv  drawing  a  perpendicular  on  tlie  trai 
versal  from  o,  and  substituting  for  A  b,  its  va- " 
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in  equation  in  which  we  shall  have  in  each  term 
>t"  the  numerator  oa.ob.oc.  od.oe.of, 
iiid  in  each  of  the  denominators  op^  Dividing, 
hen,  the  whole  equation  by  these,  we  have  a  re- 
Iting  equation  which  depends  only  upon  the 
iffles  at  the  vertex  ;  so  that  the  property  will 
Id  for  all  transversals  as  well  as  a  b,  c  n,  e  f. 
■  )r  need  the  points  A,  b,  c,  &c.,  be  all  on  the  same 
iiie,  if  care  be  taken  that  the  same  product  of 
erpendiculai-s  o  P' .  o  p"  .  o  p'",  &c.,  be  found  in 
\  ery  denominator.    Hence,  if  we  can  prove  a 
ii  operty  for  the  simplest  transversal  case,  we  have 
r  proved  for  all  cases.   Thus,  to  prove  that  if  lines 
rawn  through  a  point,  and  through  the  vertices 
t'  A  B  c,  meet  the  sides  of  a  b  c  in  a  6  c,  then 
■'j.Bc.ca  =  Ac.Ba.cJ,  we  may  suppose  c 
■ejected  to  an  infinite  distance,  so  as  to  have 
B  c,  c  c  parallel.   The  relation  then  becomes 
'  B  c  =  A'  c  .  B  a,  which  we  see  at  once  to  be 
e.    Hence  the  general  proposition  is  true. 
Iius,  again,  to  investigate  the  harmonic  pro- 
t'l  ties  of  a  complete  quadrilateral,  we  may  join 
il  the  points  of  the  figure  to  a  centre  o,  and 
It  the  figure  by  a  plane  through  o,  and  through 
le  third  diagonal.    This  will  give  us  a  parallel- 
,Tam  as  the  projection,  and  the  diagonals  are 
i-ected  and  intersected  at  infinity,  —  that  is, 
ich  of  them  is  cut  harmonically. — The  fore- 
"ing,  however  brief  and  inadequate,  will  give 
>iae  idea  of  the  power  of  the  method  of  Pro- 
ctions. — We  have  spoken  of  the  projection 
a  circle  upon  a  plane  being  a  conic.    Let  us 
more  accurately  how  this  is.    We  shall  only 
ike  the  usual  case  of  a  right  cone,  in  which  the 
vis  o  c  is  perpendicular  to  the  circular  base, 
li  lt  of  an  oblique  cone,  in  which  o  c  is  not  a 
Tpeudicidar,  is  quite  similarly  proved. — Let  a 


ane  o  a  b  pass  through  o  c,  and  let  M  s  a  n  = 
<  8  B  be  two  sections  both  perpendicular  to  it 
•srst,  suppose  m  n  to  meet  the  two  sides  of  the 
^nc  on  the  same  side  of  o,  then  let  any  other 
ane  abshe  drawn  parallel  to  the  base.  Draw 
•e  figure  as  above.— Then,  e  s,  the  intersection 
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of  two  planes  perpendicular  to  o  a  b,  is  also  ppr- 
pendicular  to  it.  Hence  ti  s'-*  =  a  r  .  r  b.  Simi- 
larly r  s'^  =  ar  .rb.  Now  the  triangles  a  r si, 
a  r  jr,  n  r  J,  n  r  b  are  similar.  Hence  m  r  .  r  n  : 
T,ir.-sr::ns^:rs\  Which  is  the  property  of  a 
conic  section.  The  figure  is  clearly  a  terminated 
one,  that  is,  an  ellipse. — If,  on  the  other  hand,  the 
section  m  n  s  s  be  Inclined  so  as  to  meet  the  actual 
lines  A  o,  b  o  only  once,  but  the  produced  line  a 
0'  again,  we  should  evidently  have  two  figures 
in  the  cone  a  o  b,  and  the  inverse  cone  a'  o'  b', 
each  terminated  at  n  and  the  corresponding  point, 
but  extending  infinitely  in  the  other  direction. 
We  can  prove  also  the  proposition  analogous  to 
that  just  proved  with  respect  to  the  ellipse,  show- 
ing that  the  curve  is  a  conic.    Again,  if  the 
section  n  m  comes  to  be  parallel  to  A  o,  we  should 
have  only  one  branch  in  the  cone  a  o  b,  termi- 
nated at  N,  but,  in  the  other  direction,  going  to 
infinity — We  must  content  ourselves  with  this 
bare  exhibition  of  principles,  and  with  referring 
our  reader  to  JIulcahy's  Modern  Geometry/,  to 
Salmon's  Conic  Sections,  to  Monge's  Geometrie 
Descriptive,  and,  above  all;  to  Poncelet's  Pro- 
prietes  des  Figures  Projectives,  which  is  still  the 
classical  work  upon  the  subject. 
Prolate.    See  Spheroid. 
Pn-operSy  of  OTattcr.    A  quality  by  which 
matter  is  distinguished  from  other '  substances, 
and  which  is  possessed  by  all  matter,  is  called  a 
property.    There  is  a  division  of  properties— 
sufficiently  arbitrarj' — into  primary  and  second- 
ary. The  former  are  those  without  which  we  can- 
not conceive  matter's  existence, — the  latter,  those 
which  belong  to  it,  though  not,  as  it  is  conceived, 
necessarily.     Extension,  Impenetrability,  and 
Inertia,  are  the  three  which  are  most  usually 
assigned  as  necessary  and  primary  properties. 


No  absolute  line  of  distinction  can  be  drawn 
Proportion  Hlormonic.    See  Ratio. 
Prosfrpiiie.    One  of  the  Asteroids.  For 
Elements,  &c.,  see  Asteroids. 

Psyclirometry.    See  Hygrometry. 
Ptolemaic  Sr.stcjis,    The  system  or  scheme 
of  the  celestial  motions  universally  adopted  pre- 
vious to  the  reformation  by  Copernicus.  It  rested 
on  two  a.ssertions,  supposed  to  have  the  force  of 
axioms,  viz.,  that  the  earth  is  at  rest  and  in  t//e 
centre  oj'  the  universe  ;  and  that  all  motion  in  the 
heavens  is  drcvlar  and  uniform.    The  methods 
by  which  the  irregular  paths  and  velocities  of  the 
planets  were  seemingly  reconciled  to  these  pos- 
tulates was  most  ingenious,  and  lias  been  alreadv 
explained  under  Ecckntrtc  and  Epicycle  ;  niir 
was  the  system  at  all  deficient  in  its  internal 
logic.     So  soon   as  Copernicus   doubted  the 
truth  of  these  principles,  its  fabric  tottered, 
and   swiftly  fell.     The  system,  in  its  eariie.st 
and  best  form,  is  exjioscd  in  Ptolemy's  Al- 
mac/esl ;  but  it  received  what  was  termed  its  last 
perfection  at  the  hands  of  Purbach. 
Pulley.    Sec  Mechanical  Power.s. 
Pyrkeliomclcr.    See  Actinometku, 
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Pyrometer.  An  instrument  intended  to 
measure  those  higher  degrees  of  heat  to  which 
tlie  thermometers  of  merciirj',  air,  and  alcohol 
are  insufficient.  It  is  usual  to  employ  for  this 
the  expansion  of  bars  of  metal— the  amount  of 
that  expansion  being  known — for  the  different 
degrees  of  heat.  The  principles  of  the  pyrome- 
ter will  be  found  stated  under  Expansion. 
"^riie  pyrometer  of  Wedgwood,  which  is  per- 
haps as  good  as  any  other,  is,  like  all  others, 
very  defective.  It  consists  of  two  slightly  con- 
vergent pieces  of  copper,  between  which  a  small 
cylinder  of  clay  is  set.  This  latter  contracts  by 
heat,  and  the  convergence  is  increased  in  conse- 
quence. Its  amount  being  measured,  the  heat 
to  which  the  cylinder  has  been  exposed,  can  be 
calculated. — It  has  recently  been  proposed  to 
construct  a  pyrometer  accurate,  to  any  extent  of 
scale,  by  aid  of  the  different  fusibilities  of  the 
metals.    The  metal  last  fused  will  of  course,  by 
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its  degree  of  fusibility,  indicate  the  heat  of  the 
furnace. 

Pyrophorii!*.  Any  body  Avhich  kindles  of 
itself  on  exposure  to  the  air  is  so  called. 

PyxBs  Naulica  ;  or  the  Mariner's  Compass. 
One  of  Lacaille's  Southern  Constellations. 

Pulley.  One  of  the  elementary  mechanicid 
powera. — See  Aj)pendi.x. 

Puuis>.  A  well  kn^iwn  machine  for  raising 
water.  Its  power  is  drawn  from  the  pressure  or 
weight  of  the  atmosphere  in  common  cases,  and 
from  the  elasticity  of  compressed  air  in  those 
forms  of  it  that  are  termed  forcing  pumps.  The 
principles  are  so  simple,  and  the  mechanism  so 
well  knoflu,  that  we  shall  not  occupy  our  nar- 
row space  with  special  descriptions. — Tlie  reader 
will  tind  all  information  as  to  details  in  the  lirst 
book  on  practical  mcclianics  on  which  he  may 
happen  to  lay  his  hands. 
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Quadrant.  The  fourth  part  of  a  circle.  Also 
a  name  given  to  valuable  reflecting  instruments. 
See  Sextant.  The  ancient  form  of  astronomical 
instruments  for  the  determination  of  altitudes  was 
the  quadrant;  but  that  has  now  been  wholly 
superseded  by  the  Circle  {q.  v.) 

<tua(lra(ure.  The  term  given  to  modes  of 
determining  rectilineal  figures  that  shall  be  equi- 
valent in  area  to  curvilineal  ones.  The  whole 
subject  belongs  to  the  integral  calculus,  the 
general  formula  being 
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where  x  represents  that  functioa  of  x,  which  is 
equal  to  the  ordinate  y  of  the  proposed  curve. 

Quiitcruioiis.  The  Editor  had  the  good 
fortune  to  expect  an  article  on  QaATERNiONS 
from  Sir  William  Rowan  Hamilton.  He  has 
obtained  the  three  following  most  lucid  and 
remarkable  letters : — 

LiirrER  I. — To  a  Lady. 

Dear  Mks.  S  ,  I  am  flattered,  or  at  least 

I  am  gralili.id,  by  your  wish  to  know  something 
about  tlie  (Quaternions.  Really  I  never  hold 
other  penple's  buttons  to  talk  to  them  on  that 
subject ;  but  my  own  button  is  occasionally  held, 
especially  by  a  learned  librarian  in  Dublin,  who 
stops  me"  in  "the  streets,  and  waylays  mo  in  book- 
sellers' shops,  to  ask  for  a  plain  answer  to  a 
simple  question,— which  you  have  not  put  in  ex- 
ncllij  the  same  terms,— to  wit,  "  What  the  deuce 
are" the  Quaternions?"  Well,  I  must  try  to  do 
what  I  can,  to  satisfy  your  friendly  curiosity.— 
It  would  be  very  easy  "for  me  to  give  a  definition 
of  a  quaternion ;  I  mean,  of  what  I  have  so  called, 
in  mathematics:  for  you  know  that  the  term 
itself  is  a  good  old  English  word.  It  occurs,  for 
example,  in  our  version  of  the  Bible,  where  the 
npostle  Peter  is  described  ns  having  been  delivered 
by  Herod  to  thu  charge  of  four  qualeniions  of 


soldiers.  In  the  Paradise  Lost,  Ad.nn  is  repre- 
sented by  Milton  as  uttering  the  invocation : — 

"Air,  and  ye  Elements,  the  eldest  birth 
Of  Nature's  womb,  that  in  quaternion  run 
Perpetual  circle  manifold,  aud  mix 
And  nourish  all  things, — 
Vary  to  your  great  Maker  still  new  praise." 

And  to  take  a  lighter  and  more  modern  instance 
from  the  pages  of  Guy  ifannering,  Scott  repre- 
sents Sir  Robert  Hazelwood  of  Hazelwood  as 
loading  his  long  sentences  with  "triads  ant 
quaternions.'^  In  all  these  cases,  of  course,  the 
word  signides  (as  its  etj-mology  implies)  a  set  of 
Four  (persons,  or  things,  or  words) ;  au'i,  on  the 
same  plan,  Dr.  Latham  has  written  a  paper  on 
"  Phonetic  Quaternions,"  meaning  thereby  cer- 
tain sound.t,  which  he  conceives  to  group  them- 
selves, ybur  by  four;  and  I  have  recently  noticed 
the  term  "  Quater^jionen,"  applied  by  a  very 
able  German  author,  Moebius,  to  certain  things 
depending  upon  systems  of  four  points.  In  fact, 
the  Latin  word  Quaternio,  like  the  Greek  term 
Tir^iKrui,  of  which  it  is  a  translation,  seems  to 
mean  simply  (as  above)  a  set  of  four;  or  the 
"  Number  Four,"  used  as  a  substantive,  and  m<t 
as  a  numerical  adjective.  So  that,  instead  of  say- 
ing that  Pythagoras  attached  a  mysterious  and 
hitherto  unexplained  importance  to  the  Tetraciys, 
we  might  say  that  Pythagoras  did  so  to  tlie 
"  Quaternion:"  wliotever  conception,  precise 
or  vague,  that  wonderful  philosopher  of  antiquity 
may  have  associated  with  the  thought  of  Four. 
(I  sometimes  fancy  that  I  can  conceive  an  unre- 
corded Tetrachotomy  of  Pythagoras,  analogous  to 
that  of  Kant,  but  more  mathematically  connected 
with  the  Pyramid. )— But  whatever  license,  or 
vagueness,  may  have  heretofore  existed,  in  the 
employment  of  the  word  "  Quaternion,"  it  would 
seem  that  the  courtesy  of  my  contemporaries,  at 
le.\st  in  these  countries,  has  of  late  years  estah- 
lished  an  us.ige — ^^'ou  know  Horace's  "  61  vniot 
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usiis,  quern  penes  arl)itrium  est,  et  jus,  et  noma 
loquendi," — which  for  the  present,  ahnost  or 
akogettier  restricts  the  word,  as  a  malhevialical 
term,  to  the  sense  in  which  /  have  eniploj'ed  it. 
The  question  then  arises : — "  What  does  the 
A  uthor  of  tlie  Lectures  on  Quaternions  mean  by 
the  latter  word,  when  employed  (as  he  employs 
it)  in  mathematics?"  And  here  I  repeat  that  it 
would  be  easy  for  me  to  embody  my  meaning  in 
a  Defiuition,  if  that  could  ba  supposed  to  be  of  the 
slightest  earthly  use,  to  persons  unacquainted 
■with  the  subject.  I  might,  for  example,  in  all 
due  form,  lay  down  the  following  statement : — 
Definition.  "A  Qcaternion  is  the  quotient 
<f  two  vectors,  or  of  two  directed  right  lines  in 
s|)ace,  considered  as  depending  on  a  system  of 
Four  Geometrical  Elements  ;  and  as  expressible  by 
au  algebraical  symbol  of  Quadrinomial  Form," 
And  I  might  go  on  to  add,  as  a  sort  of  second  De- 
Jiidtion  (or  at  least  Description^ : — "  The  Science 
or  Calculus,  of  Quaternions,  is  a  new  Mathema- 
tical Method,  wherein  the  foregoing  conception  of 
a  quaternion  is  unfolded,  and  symbolically  ex- 
pressed: and  is  applied  to  various  classes  of  alge- 
braical, geometrical,  and  physical  questions,  so  as 
to  discover  many  new  theorems,  and  to  arrive 
at  the  solution  of  many  difficult  problems." — 
But  though  I  believe  the  foregoing  statements  to 
be  correct,  and  even  think  that  they  may  be  use- 
ful, as  a  sort  of  recapitulation,  or  resume,  for 
those  who  already  knoio  a  great  deal  about  the 
matter,  what  human  being,  at  first  starling,  could 
be  expected  to  be  one  bit  the  wiser  for  them  ? 
And,  indeed,  lohat  science  can  he  defined,  so  as  to 
convey  to  a  person  who  is  only  about  to  begin 
the  study  of  it,  anything  like  a  clear  and  ade- 
quate notion  of  its  extent,  or  even  of  its  nature? 
'•  JIais,  tenter  de  definir  una  science  c'est  con- 
sentir  k  etre  inintelligible,"  says  Pouillet,  in  the 
second  page  of  the  seventh  edition  of  his  very 
lucid  and  valuable  work,  Elements  de  Physique 
E.rperimentale,  et  de  Me'teorologie,  (Paris,  1856,) 
into  which  I  have  been  lately  dipping. — You 
have  been  pleased  to  allude  to  Newton.  'Putting 
out  of  sight,  for  a  moment,  the  enormous  differ- 
ence of  power  between  him  and  myself,  let  me 
avail  m3  self  of  an  illustration  which  you  have 
suggested,  by  speaking  of  his  works.  Do  yoii 
suppose  that  any  one,  however  intelligent, — lady 
or  gentleman,  it  matters  not  at  could  be 
made  to  understand,  by  a  d<fivilion,  ^'what 
I'l.uxioNs  are?"  Conceptions,  which  it  has 
required  years  of  patient  thought  to  mature,  are 
not  to  be  so  easily  transplanted.  They  can  indeed 
be  made  to  pass  from  mind  to  mind,  but  not  by 
80  short  a  process ;  still  less  can  the  methods  to 
wiiich  they  lead  be  easily  or  rapidly  communi- 
ciited.  "  Considerando  igitur"  (says  Newton,  in 
Ihe  introduction  to  his  Treatise  on  the  Quadra- 
ture of  Curves')  "quod  quantitates  aequalibus 
tcmporibus  cresccntci  et  crescendo  genitac,  pro 
vclocitate  majori  vel  minori  qua  crescunt  ac 
generantur  evadunt  niajores  vol  minoresj  metho- 
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dum  quaerebam  determinandi  quantitates  ex 
velocitatibus  motuum  vel  incrementorum  quibus 
generantur;  et  has  motuum  vel  incrementorum 
velocitates  nominando  Fluxiones,  et  quantitates 
genitas  nominando  Fluentes,  incidi  paulatim 
aiiuis  1665  et  16G6  in  Methodura  Fluxionura 
qua  hie  usus  sum  in  Quadratura  Curvarura." 
The  conception  of  growing  quantity,  though  very 
refined  and  subtle,  and  even  the  additional  and 
still  more  abstract  conception  of  a  rate  of  speed 
of  such  growth,  may  (I  suppose)  be  seized  by 
any  sufficiently  intelligent  person,  who  has  had 
no  technical  training ;  but  to  pass  thence  to  any 
degree  of  distinct  understanding  of  the  mathema- 
tical method,  to  which  its  author,  after  fully  pos- 
sessing those  conceptions,  could  only  gradually 
attain  ("incidi  paulatim"),  requires  no  incon- 
siderable amount  of  formal  and  scientific  prepa- 
ration, although  now  pretty  widely  diffused.  The 
Method  cannot  be  explained  to  a  person  who  is 
not  a  m,athematiciaii ;  but  (as  above  admitted) 
the  Conception  may  be  communicated:  though 
not  (perhaps)  without  some  patience  being  need- 
ful.— And  such  —  to  pass  from  Fluxions  to 
Quaternions — I  believe  to  be  the  case  with  the 
latter  study  also.  Undoubtedly,  I  do  not  pre- 
tend to  teach  any  one  to  ewe  my  calculus,  who 
has  not  been  already  trained  to  some  extent  in 
algebra,  and  in  some  rather  advanced  parts  of 
geometry,  such  as  are  treated  in  the  Eleventh  and 
Twelfth  Books  of  Euclid.  But  I  have  met  with 
at  least  one  lady,  who,  without  having  ever 
opened  (as  I  suppose)  a  single  book  on  algebra 
or  on  geometry  in  her  life,  was  able,  after  some 
illustrations  on  m}'  part,  and  patience  on  hers, 
to  understand  perfectly  the  conception  of  the 
quaternion,  considered  geometrically: — for  I  put 
the  algebraical  view  aside  for  the  present,  as 
being  much  more  connected  with  technicali- 
ties and  with  calculation ;  and  I  abstaui  from 
introducing  here  that  metaphysical  notion 
alluded  to,  according  to  which  the  Idea  of 
the  Quaternion  is  generated  by  a  certain  Syn- 
thesis of  the  thouglits  of  Time  and  Space. 
What  she  did,  I  am  very  sure  that  you  can  do 
also. — Take,  then,  an  equilateral  triangle,  a  u  c, 
constructed  (let  us  say) 
on  a  card,  and  bisect  it 
by  the  dotted  line  c  d, 
drawn  (as  in  fig.  1)  from 
the  vertex  c,  to  the  mid- 
dle point  d  of  the  base 
A  B.  Cut  away  the 
half-triangle  d  b  c,  and 
insert,  between  the  legs 
of  the  angle  D  A  o,  a 
curved  arrow,  to  indi- 
cate a  conceived  rotation,  from  the  leg  a  d  to  the 
leg  A  c,  of  that  angle.  Lay  the  hall-li  uuigle  \ 
D  c,  which  has  been  thus  cut  out  and  marked, 
on  a  square  table  e  f  o  ii,  in  the  way  represented 
in  figure  2,  so  tiiat  the  line  A  i)  may  be  parallel 
to  the  base  e  f  of  the  square.  This  being  done, 
07 
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i(  is  clear  that  the  hnglh  of  the  side  A  c  is  ex- 
actly twice  the  length  of  the  lialf-side  a  d,  of 

  the  original  and 

equilateral  tri- 
angle a  ii  c;  and 
I  need  not  tell 
you,  that  the 
angle  D  A  C  (or 
the  rotation  re- 
presented by  the 
curved  aiTOW,') 
contains  exactly 
sixty  degrees. 
Here,  then,  are 
already  two  num- 

^  '  bers  to  be  con- 
sidered, in  the 
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QuATEnxiONS  ill  Geometry.  —  And  this  tran- 
sition when  once  thought  of,  appears  so  '^uii/, 
that  it  may  seem  wonderful  how  it  had  Jiiiled 
to  occur  to  others  before  m}'self.  I  simply  u.-;e  a 
desk  instead  of  a  table.  1  elevate  the  old  square 
E  F  G  H,  (not  that  there  is  any  magic  in  its 
being  precisely  of  a  square  form,')  so  that  wliile 
its  base  E  F  still  rests,  as  a  ledge,  on  a  fixed 
horizontal  plane,  though  perhaps  in  a  new  position 
thereon,  its  top  g  h  may  be  at  a  certain  height* 
above  that  plane;  there  being  then  a  ceitain 
angle  of  inclinadon,  k  e  h  in  figure  4,  suppose  an 
angle  of  ten  degrees,  whereby  the  desk,  e  f  g  u, 


Fip.  2. 
of  two 


r.iimpntixnn  oj  two  lines  (\  c  being  compared 
with  A  n) ;  namely,  the  number  2,  which  ex- 
liresses  the  ratio  of  the  lengths  of  the  two  lines ; 
and  the  number  60,  which  expresses  (in  degrees) 
the  angle  between  their  directions.  Accordingly, 
 ^  before  the  in- 
troduction of 
the  quaternions, 
there  had  ex- 
isted a  branch 
of  mathematical 
science,  invented 
(I  believe)  by 
Argand,  in 
France  about 
fifty  years  ago, 
and  to  which 
Professor  de 
Morgan  of  Lon- 
don, has  lately 
"Double  Algebra ;"  because 
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given  the  name  of 
in  it,  by  the  joint  comideration  of  ratio  and 
angle,  two  numbers  at  a  time  were  treated  of,  as 
the  subject  of  every  calculation.    It  should  be 
added  that  if.  after  placing  the  half-triangle  A  d 
c  as  before,  we  merely  shift  its  position,  or  turn 
it  about,  on  the  fixed  table  e  f  g  h,  (without 
turning  it  upside  down.)  so  as  to  bring  it  to  the 
state,  represented  in  figure  3,  we  do  not  alter 
thereby  either  of  the  two  foregoing  numbers,  2 
and  60 ;  nor  do  we  change  the  direction  of  tbi 
rotation  (indicated  by  the  arrow),  from  the  line  A 
1)  to  the  line  a  c  "and,  tlierelbre,  the  complex 
rilationot  the  latter  line  to  the  former  (including 
n  relation  of  lengths,  and  also  a  relation  of  direo- 
tions)  is  not  conceived  as  liaving  undergone  any 
cham/e  ;  nor  would  any  alteration  in  the  twofold 
relation,  above  consi{l(!red,  be  occasioned  by  the 
substitution  of  a  smaller  (or  larger)  but  siinilar 
and  similarlg  placed  triangle,  in  any  of  the  fore- 
j^oing  construction.?.    Such  seem  to  me  to  be  the 
most,  or  among  the  most,  essential  elements,  of 
tlio geometricfd conception  of  DouiJt.K  ALGicniiA : 
l>iit  it  remains  to  he  siiown  by  what  sort  ot  tran- 
sition 1  piis.s  from  thence  to  an  algebra  of  a 
QuADRUi'LB  chart^cter,  or  from  Couples 
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is  raised  above  the  table,  e  f  I  K  L  ;  which  angle 
K  E  H  thus  furnishes  a  new  or  third  number, 
namely,  here  the  number  10,  to  express  or  mea- 
sure the  slope  of  the  desk.    But  even  when  this 
slope  has  been  determined,  the  aspect  of  the  desk 
is  not  yet  completely  known,  until  we  have  fixed 
the  direction  of  its  ledge,  B  F ;  or  the  angle  L  e  F, 
suppose  forty  degrees,  which  this  ledge  makes 
with  some  fixed  line,  E  l,  traced  on  the  horizontal 
plane,  or  table:  because  we  may  conceive  the 
moveable  desk  to  be  turned  about  thereon,  for 
the  sake  (as  we  may  imagine)  of  getting  a  better 
light.  Here,  then,  is  a  FounrH  Number,  namely, 
in  this  case  the  number  40,  which  (in  my  view 
of  the  subject)  enters  essentially  into  the  comfik-r 
conception  of  the  relation  of  one  directed  line  i<i 
Sfice,  A  o,  to  another  directed  line,  A  d  ;  and, 
tlnrefore,  into  the  conception  of  what  I  call  the 
"  Quottent"  of  one  such  line  divided  by  another 
(compare  here  my  Definition  of  a  Quaternion)  : 
namely,  the  complex  result,  obtained  by  the  com- 
parison of  those  two  lines  ;  or  more  fully,  by  the 
examination,  how  one  line  is  related  to  the  vther, 
in  length  and  in  direction;  the  P,ase  of  the 
two  lines  being  (according  to  me)  a  thing  to  be 
specially  studied,  in  conducting  such  an  exa.ni- 
nation.— You  see  then,  clearly,  how  the  com- 
parison of  one  line  with  another,  conducted  as 
above,  (namely,  the  comparison  of  a  C  with  a  u 
♦  The  render  will  Imve  the  Roodness  to  fancy  the  line 
0  H  tlius  e'eraic.l,  iiltliouah  llie  figure,  as  drawn,  dues 
not,  pcrlirtps,  sugt;est  it. 
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5n  the  foregoing  figures,)  leads  to  the  consider- 
aiion  of  a  SvaTKn  of  Fouit  KusiBiiits,  in  our 
example 

2,       60,       10,    and  40; 
which  may  be  said  to  represent  or  measure,  re- 
spectively-, 

"  Ratio,  Angle,  Slope,  and  Ledge;" 
though,  in  fact,  the  third  and  fourth  numbers, 
(IS  well  as  the  second,  represent  angles  ;  namely, 
those  which  answer  to  the  inclinuiion  of  aplaneCs 
orbit,  and  the  longitude  of  its  ascending  node,  in 
astronomy.  The  sy  stematic  introduction  of  these 
two  latter  angles  into  geumetrij,  by  the  assistance 
of  my  peculiiir  symbols  (i,  /,  k%  or  the  doing 
something  equivalent  thereto,  so  as  in  some  way 
to  take  account  of  the  aspect  of  the  desk  (or  planu), 
whereon  any  proposed  angle  (as  here  the  original 
angle  d  a  c  of  sixty  degrees)  is  traced,  may  be 
said  to  be  the  chief  geometrical  characteristic 
of  the  Calculus  of  Quaternions,  and  what 
mainly  serves  to  distinguish  it  from  its  prede- 
cessor, the  Cdlculus  of  Couples:  or  (with  refer- 
ence to  geometrical  application)  to  distinguish 
Quadruple  from  Double  Algebra.  But,  of  course, 
without  some  preparation  (such  as  perhaps  you 
possess),  by  the  study  of  common  algebra,  it  is 
impossible  to  understand  how  this  conception  is 
worked  out  into  a  system  of  calculation.  Mean- 
while, I  remain,  dear  Mrs.  S  ,  very  truly 

3'oirs,  William  Eowan  Hamilton. 


Lktteb  11. 

Observatoky,  ,  1856. 

My  dear  Sir,— You  say  that  you  have  read 
a  certain  letter  of  mine  to  a  lady,  on  the  subject  of 

•  the  conception  of  a  Quaternion  in  Geometry,  as  the 
'  Quotient  of  two  Vectors,  or  of  two  directed  riglit 
1  lines  in  tridimensional  space :  and  that  you  wLsh  to 
!  see  how  this  conception  can  be  so  developed,  as 
I  to  be  shown  to  be  the  biisis  of  a  Calculus. 

I.  Allow  me,  in  the  first  place,  to  remind  j-ou, 
'  that  the  ''quotient  of  two  co-initial  vectors;'  or  of 
:  two  right  lines  in  space  which  are  drawn  from  one 
c  common  point,  has  been  conceived  by  me  as  being 
t  the  complex  result  of  tlie  comparison  of  one  such 
^  vector  with  another,  this  comparison  being  per- 
f  formed  m  each  of  two  fundamental  respects : 
'  namely,  first,  as  regards  the  relative  length  of 
the  two  hues;  and,  secondly,  as  regards  their 

•  rdaitve  direction.  The  former  part  of  the  com- 
■  parison  conducts  to  the  consideration  of  a  ratkj 

uetween  tlie  twolengtlis,  which  may  be  supposed 
'  to  be  accurately  or  approximately  expressed  by 
""^y"""'  «^  fractional,  and 
Tho        *^°'"'^«n-^'-'-able  or  incommensurable): 
he  atter  part  of  the  same  comparison  conducts 
0  the  consideration  of  an  anolk  between  the 
two  directions,  or  of  a  certain  elongadon  of  die 
one  from  tiie  other;  and  also  to  the  consideration 
a  PLANE,  wherein  the  two  lines  are  iointlv 
contained.    The  angle  may  be  expressed  by  a 
'econd  number,  of  d,>^?rces  and  parts  of  a  degree, 
"•^  "1  light  angles  auu  parts  of  a  right  angle;  and 
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the  plane  has  an  asplct,  which  depends  upon  a 
certain  ^;um'  of  other  angular  elements,  such  as 
those  which  in  astronomy  are  called  the  inclinu- 
iion of  a  planet's  or  comet's  orbit,  and  the  longi- 
tude of  its  ascending  node:  and  which,  in  niv 
former  letter,  were  illustrated  by  tlie  slope  of  the 
desk,  wherenn  the  angle  between  the  two  liiics 
was  supposed  to  be  traced,  and  by  the  direction 
of  the  ledge,  wherein  that  desk  was  met  by  the 
table.  There  enter  thus,  upon  the  whole,  three 
angular  elements,  such  as  those  which  have  above 
been  called  elongation,  inclination,  and  node,  (or, 
more  briefly,  angle,  slope,  and  ledge,')  into  the 
complex  conception,  as  above  unfolded,  of  the 
relative  direction  of  tioo  lines  in  space.  And  when 
these  are  combined  with  the  former  element  of 
ratio,  (or  of  the  relative  length  of  the  two  lines,) 
they  make  up  jointly  a  systesi  of  four  klk- 
ments,  expressible  by  a  system  four  numbers, 
which  enter  (in  the  view  here  adopted)  into  the 
complete  conception  of  the  Quotient  oflzvo  Vec- 
tors, and  constitute  that  quotient  a  Quaternion. 

II.  So  ranch  having  been  premised,  or  repeated, 
as  regards  the  conception  of  a  geometrical  quotient, 
or  quaternion,  of  the  kind  which  it  is  proposcil 
to  consider,  we  are  next  to  fix  what  is  to  be  nn- 
derstood  by  equations  between  such  quotients, 
and  by  operations  upon  them.  Adopting  the 
notation  off-actions,  for  each  such  quotient  in 
particular,  and  supposing  that  the  symbols 
OA,  OB,  o  c,  o  D,  (1) 
or  more  concisely 

«i  /3)  y.  S,  (2) 
denote  some /oar  co-initial  vectors,  or  right  linos 
drawn  in  space  from  some  one  common  origin  o, 
we  must  proceed  to  compare  and  to  combine  the 
two  quotients,  or  geometrical  fractions, 

—and  — .  (."5) 

a  y  ^  ^ 

More  fully,  we  must  determine,  without  anv  am- 
biguity, what  shall  be  meant,  in  the  appli^'auuiis 
of  quaternions,  by  au  equation  of  the  Ibrm, 
o  D       OB,      S  /3 

and  must  fix  the  geometrical  interpretation  of 
each  of  the  four  elementary  combinations. 


(■•-) 


OB  O  D, 

and  —  or 
OA         o  c 


o  n 

o  n, 

li 

or 

+ 

«'  c 

O  A 

y 

a 

(1  o 

O  11, 

I 

h 

<)  (; 

0  A 

or 

y 

a 

<)  n 

O  B, 

or 

I 

n 

o  c 

X 

O  A 

y 

X 

a. 

o  n 

n  IS, 

a 

0  c 

O  A 

or 

y 

y 

CO 


(7) 


in  such  a  manner  as  to  show  that  each  reiircspiits 
in  general  a  certain  d(finite  fraction,  or  quoilont, 
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or  quaternion,  when  the  two  separate  fractions 
(.'))  are  themselves  definitely  known ;  each  by  its 
own  system  of  four  elements,  of  the  kind  already 
described. 

in.  With  regard  to  the  equation  (4),  it  is 
natural  to  consider  this  as  expressing,  as  a.  part  of 
its  signification,  that  a  geometrical  proportion,  of 
the  kind  considered  by  Euclid,  exists  between  the 
lenijths  of  the  four  lines  CI)  or  (2) ;  so  that 

o  D  :  o  c  : :  o  B  :  o  A,  (9) 
I  I    y        a    :     a.,  (10) 

■wlien  these  lengths  alone  are  attended  to.  For 
example,  if  the  line  /3  be  double  of  a.  in  length, 
then  S  must  at  the  same  time  be  twice  as  lonr; 
as  y.  But  besides  this  proportion  of  lengtlis, 
there  must  exist  also  a  certain  proportion  of  di- 
rections, or  some  relation  which  may  be  spoken 
of  as  such,  in  order  to  complete  the  conception  of 
the  su]ifiosed  equality  of  quotients,  for  the  two 
jiairs  of  vectors.  It  is  therefore  natural  to  define, 
that  whenever  the  equation  (4)  is  given,  we  are 
to  understand,  as  another  part  of  its  signif cation, 
(Tiesides  the  proportion  (9)  or  (10),  )  the  follow- 
ing equation  between  angles. 


A 

COD 


A 

A  o  B: 


(11) 


Fir;.  1. 


A  A 

=     a  (3.  (12) 

In  short,  to  combine  geometrically  the  conditions 
hitherto  stated,  we  are  to 
conceive  that  if  the  two 
points  A,  B  be  joined  by  one 
right  line,  and  the  two  points 
c,  D  by  another,  as  in  the 
figure  herewith  annexed,  the 
two  lrian(jles 

A  o  B  and  COD,  (13) 
shall  be  similar:  to  which, 
however,  I  add  this  other 
condition,  that  these  two  tri- 
angles shall  be  situated  in 
one  common  plane,  and  shall 
be  similarly  turned  therein, 
a-<  indicated  by  the  curved  arrows  in  the  figure. 

IV.  And  such,  in  fact,  is  the  fundamental 
Conception,  which  appears  to  have  been  first  pro- 
posed by  Argand,  in  an  Essay  published  in  Paris 
in  1 806  ;  for  although  his  work  of  that  date  seems 
to  be  now  lost,  yet  a  suflScient  sketch  of  it  has 
been  preserved,  in  Gergonne's  Annates  de  Mathc- 
Tiuitiques,  (tome  iv.,  published  in  1813,)  to  enable 
us  to  know  its  nature,  and  its  chief  results.  And 
in  speaking  of  his  extended  v'levf  of  proportion  in 
fjewnetry,  as  applied  to  directed  lines  in  one  fixed 
plane,  Argand  expresses  himself  thus  (in  pages 
136,  137,  of  the  above  cited  volume):— "Si 
(fig.  2)  A/}g.  A  K  B  =  Anff.  a'  k' b,' on  a,  ab- 
straction faite  des  grandeurs  absolues, 
K  A  :  K  B  :  :  ic'  a'  :  k'  b'. 
C'est  IfJ  le  principe  foiidamentel  de  la  thcorie 
dont  ncns  uvons  e.ssaye  de  poser  les  premieres 
L.ises,  dans  I'dcrit  dout  uoua  donuons  ici  un 
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extr.iit."  (This  refers  to  the  printed  Essay  of 
1806,  which  had  been  exhibited  to  Gergonne, 
and  through  him  to  Argand's  generous  rival, 
Fran(,-,ais.)  Argand  continues  thus  : — "  Ce  prin- 
cipe n'a  rien  au  fond  de  plus  etrange  que  celui 
sur  lequel  est  fondee  la  conception  du  rapport 
geometrique  entre  deuxlignes  de  signcs  difl''erents, 
et  il  n'en  est  proprement  qu'une  generalisation." 
[See  the  notes  to  the  Preface  to  my  publi^-hed 
Lectures  on  Quaternions.]  It  ought  to  be  added 
that  Argand's  angles  a  k  b,  a'  k'  b',  were  suppo-ed 
to  be  not  merely  equal  in  amount,  but  also  simi- 
larly (not  oppositely')  measured,  as  regards  the 
directions  of  the  rotations  correspondiug ;  just  lik  ; 
the  angles  A  o  b,  c  O  d,  in  the  fig.  of  the  pre- 
sent letter,  as  it  has  been  remarked  that  th'; 
curved  arrows  indicate.  This  fundamental  vi^iD 
of  Argand,  which  appears  (as  has  been  said)  to 
have  been  published  exactly  fifty  years  ago,  has 
since  occuiTed  independently  to  several  other 
writers,  (for  example,  to  the  illustrious  Gauss,) 
or  has  been  adopted  by  them,  as  the  basis  of  .'i 
theory  of  2}>'op'^''^'^^"^  ^J'  '^'"^  within  one  plane ; 
and  it  is  one  of  the  most  essential  elements  of 
that  modern  branch  of  mathematical  science,  fur 
which  my  valued  friend.  Professor  De  Morgan 
of  London,  has  proposed  the  uauie  of  "  Double 
Algebra." 

V.  The  same  view  of  Argand,  so  far  as  it  has 
just  now  been  described,  respecting  such  propor- 
tions of  directed  lines,  is  (as  you  have  seen) 
adopted  by  m3'self,  in  my  transition  from  Double 
to  Quadruple  Algebra,  or  from  Cuujiles  to  Qu.\- 
TEKxiONS  in  Geometry.  But  because  I  considi.T 
my  angles  as  traced  upon  a  variable  plane,  or  des/:. 
which  may  take  all  possible  positions,  or  aspects 
in  space,  and  not  as  traced  on  one  fixed  table.  I 
am  obliged  to  sacrifice  a.  subsequent  simplificuliou 
which  Argand,  in  his  less  extensive  theory,  was 
able  to  introduce,  and  in  which  he  has  been  fol- 
lowed by  many  other  authors  since.  For  I  am 
unable  to  assume,  as  he  and  they  have  done,  any 
one  direction  as  a  fixed  standard,  with  which  all 
others  are  to  be  compared,  and  which  they  treat 
as  the  direction  of  positive  unity.  And  my  renj^on 
for  abandoning  any  attempt  at  such  a  standard, 
is  simply  (as  you  see)  that  no  one  line  (even 
through  a  fixed  point  o)  is  comm-jn  to  all  the 
planes  which  can  be  drawn  (e\en  through  the 
same  fixed  point).  If  this  appears  to  be  an  »«- 
convenience,  at  first  setting  out,  and  if,  in  fa.t,  it 
compels  me  to  assume  rules  for  mulliplicntion  \n 
geometry,  which  are  altogether  wrtW^e'oW  rules,  in 
one  essential  respect,  (;'/ =  — ,;'',)  I  must  plead 
that  it  is  not  my  fault,  if  tridimensional  space  he 
a  somewiiat  moj'e  complex  conception  than  space 
of  only  two  dimensions.  And,  on  the  other  hand, 
I  claim  that  an  advantage,  and  a  power,  are 
gained,  by  the  changes  which  are  thus  neues.si- 
tated.  For,  precisely  because  the  as]>ect  of  a 
plane  has  been  made  by  me  to  enter,  e.ssenlinlly, 
into  the  conception  of  tlie  geometrical  quotient 
of  two  directed  lines,  1  find  myself  obligi^d  lo 
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ihterpret  the  equation  (4)  as  including  the  as- 
sertion, that  the p'ane  of  the  pair  <y,  S,  coincides 
with  the  plane  of  the  other  pair  of  lines  a,  /3,  (if 
all  the  four  lines  be  still  supposed  to  be  co-initial) ; 
or  that  the  fve  points,  o,  a,  b,  c,  d,  are  all  situ- 
ated in  one  common  plane.    Thus  the  one  pair  of 
lines,  considered  as  belonging  to  a  plane,  must 
have  the  same  pair  of  avgidar  elements  (inclina- 
tion and  node),  as  the  other  pair  of  lines  com- 
pared.   And  here  you  see  another  justification 
of  the  use  of  the  word  "  Quaternion,"  in  this 
whole  theory :  for  you  perceive  that  a  single  for- 
mula, such  as  either  of  those  above  marked  as 
(4),  does  not  merely  include  two  equations  of  the 
vrdinary  kind,  as  is  the  case  in  Double  Algebra ; 
but  that  it  includes  four  such  equations.    For  it 
f  expresses,  according  to  my  interpretation,  not 
onli/  that  a.  proportion  of  lengths,  and  an  equality 
.  of  elongations,  are  supposed  to  exist,  but  also  that 
la  certain  pair  of  coplanakities  is  conceived  to 
hhold  good :  namely,  that  the  third  line,  y,  and 
titliat  the  fourth  line,  S,  are  loth  coplanar  with  the 
first  and  second  lines,  a  and  (3.— When  I  say 
Lhere  "coplanar,"  or  speak  of  "  coplanarity,"  (and 
i'perhaps  to  say  complarMr  might  be  more  elegant,) 
vyou  will  easily  see  that  it  is  not  necessary  to  iii- 
■:sisl  on  the  two  equal  angles, 

a  (i  and  y  S, 
xbeing  both  in  one  idi^rdical  plane.  It  is  quite 
(lenough,  if  they  be  situated  in  imralld  planes  ; 
ovhich  may  happen  by  our  taking  a  new  or  igin, 
)0',  for  the  new  pair  of  vectors,  y,  5;  or  bv  our 
xcomparing  two  angles,  or  two  simUar  triaugles, 

A  o  B  and  A'  o'  b',  (14) 
imn  planes  which  shall  be  parallel  to  each  other. 

"VI.  Retaining,  however,  for  simpUcity,  the 
^conception  of  tiie  common  origin,  o,  you  see 
Iclearly  how,  on  the  foregoing  principles,  it  is 
>q)ossible  to  find,  without  any  ambiguity,  the 
■^^miih  proportional,  o  d,  to  any  three  directed 
mnes  from  o,  such  as  o  a,  o  b,  o  c,  which  are  in 
^ny  one  plane;  whether  that  plane  ha  fixed,  as 
un  DoubleAlgebra,  or  variable  as  in  Quaternions. 
sSuppose,  then,  in  the  next  place,  that  some  two 
I  I'^'V^  ''"es,  i)  A,  o  B,  and  o  c,  o  0.  arc  given, 
rlvhich  are  not  thus  situated  in  any  common  plane; 
»nd  let  o  E  be  an  arbitrarily  assumed  portion  of 
Wie  Itne  of  intersection  of  the  two  planes,  a  o  b 
~^nd  COD;  80  that  the  line  o  e  shall  be  at  once 
poplanar  with  the  pair  o  a,  o  b,  and  also  with 
me  pair  o  c,  o  d,  although  these  two  pairs  are 
Ml  now  coplanar  with  each  other.  Then,  by  our 
Dnnciples,  two  lines,  o  v  and  o  o,  can  be  deter- 
inmed,  one  m  the  plane  a  o  b,  and  the  oJier  in 
me  plane  cod,  in  such  a  manner  as  to  satisfy 
•me  two  equ.;tions, 
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each  a  quotient  of  two  lines,  can  be  reduced  to  a 
common  denominator ;  or  can  be  equated  resj)ec- 
tively  to  two  fractions,  or  quotients  which  shall 
have  one  common  divisor  line,  o  e.  (If  the  two 
planes,  a  o  b  and  cod,  should  happen  to  coin- 
cide, any  line  from  o  in  this  common  plane  might 
be  taken  for  this  line  o  e  ;  but  in  general  it  must 
be,  as  above,  a  part  of  the  line  of  intersection  of 
the  planes.)  It  is  also  evidently  possible,  on 
the  same  plan,  to  determine  another  line  o  h,  in 
the  plane  A  o  b,  which  shall  satisfy  this  other 
equation, 

OH         OA  OE  OB 

O  Ji         O  b'  o  11  OA 

And  when  the  lines,  o  e,  o  f,  OG,  o  h,  have  been 
so  chosen  as  to  satisfy  the  foregoing  equations, 
(15)  and  (16),  all  necessary  preparations  are 
completed,  for  assigning,  in  what  seems  to  me 
the  simplest  possible  way,  and  in  what  is  at  all 
events  the  one  adopted  in  the  doctrine  of  Qua- 
ternions, the  interpretations  of  all  the  four  funda- 
mental combinations,  which  have  been  proposed 
for  consideration  in  paragraph  (II.)  of  this  letter. 

VII.  For  this  purpose  we  have  only  to  admit, 
as  relations  transferred  from  Algebra,  or  rather 
from  the  arithmetic  of  vulgar  fractions,  to  geo- 
metry, that  the  followng  formulas  shall  still  be 
considered  to  hold  good,  by  definition,  in  the  neio 
theorj-,  as  thev  do  in  older  ones : 


I       —  ' 

a.  a 


7^/3  y 


a 


y  —  H 


(17) 


(18) 


(15) 


"  ^    OB     O  O  CD 

OB         OA     OE  OC' 

•tnd  thus,  to  borrow  a  phrase  from  arithmetic, 
Plough  transferring  it  liere  to  geometry,  any  two 
•roposed  geometrical  fractiom  considered  as  being 


/3         a        a  '  a      '    a       /3  ' 

the  symbols  a,  fi,  y  being  here  used  to  denote 
any  three  vectors,  or  directed  right  lines  in  space; 
and  the  addition  and  subtraction  of  such  lines 
being  interpreted  as  they  are  in  a  great  number 
of  modern  systems,  including  again  the  theory  of 
Argand.  According  to  tliis  modern  theory,  which 
was  perhaps  in  that  point  anticipated  (though 
somewhat  dimly  and  vaguely,  as  I  think)  by 
Buee,  (see  again  the  notes  to  the  printed  Preface 
to  my  Lecture.s,)  lines  are  added  and  subtracted, 
according  to  the  rules  of  composition  and  decom- 
position of  motions  (or  of  forces).  Complete, 
therefore,  the  two  parallelograms  fogi,  gfok; 
and  draw  the  diagonal  o  i ;  (fig.  2)  the  letters  p 


and  o,  as  well  as  e  and  ii,  denoting  still  the  same 
points,  as  in  the  equations  (15)  and  (16).  A\'e 
shall  then  have  tlie  fouu  following  fundamental 
formitlm,  for  the  four  operations  of  the  addition, 
subtraction,  multiplication,  and  division  of  anv 
Tw,)  quatkknions,  or  geometrical  quotients  or 
fractions,  of  the  kind  already  mentioned :  ' 
11 
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o  n 

O  B 

n  t 

(10) 



+  TrA 

<>  (J 

O  A 

(1  n 

O  B 

O  K 

(20) 

o  c 

O  A 

"~  O  E  ' 

n  i> 

O  B 

o  a 

(21) 

X  

()  a 

O  A 

on' 

O  D 

o  n 

O  Ci 

(22) 

o  c 

■     O  A 

O  V 

And  it  may  not  be  too  much  to  say,  that  no 
other  fundamental  principle  is  requisite  to  be 
assumed,  for  the  establishment  of  the  doctrine  of 
quaternions,  regarded  as  a  part  of  geometncal 
science,  wherein  rules  of  calculation  are  employed, 
which  have  been  made  to  resemble  the  rules  of 
Algebra,  or  of  arithmetic,  as  closely  as  the  nature 
of  the  subject  appears  to  me  to  admit  of  their  being 
assimilated. 

VIII.  Conceding,  however,  that  the  foregoing 
conceptions  or  assumptions,  are  simple  enough  in 
themselves,  and  are  combined  with  sufficient  sim- 
plicity, you  may  still,  with  the  most  perfect  fair- 
ness, demand,  of  what  use  are  they?    Do  they 
lead  to  any  results,  before  unknown  ?    Are  any 
new  expressions  supplied  by  them?    Do  they 
assist  in  any  researches  of  science  ?   Are  they  in 
anv  way  adapted  to  become  the  basis  of  a  new 
mathematical  method?    I  think,  that  without 
entering  deeply  into  any  details  of  calculation, 
these  questions  may  be  proved  to  admit  of  being 
answered  in  the  aifirmative.  And  this  will,_per- 
haps,  be  felt  to  have  been  done,  even  if  the  limits 
of  the  present  letters  shall  allow  me  to  do  no  more 
than  to  point  out  briefly,  that  equations  which 
appear  to  be  mere  truisms,  and  which  at  all  events 
are  familiar,  as  forms,  to  the  merest  beginner  in 
Algebra,  (such  as  the  equation  s  .rq  =  sr.  q,') 
have  been  found  to  acquire  a  new  significance, 
and  to  include  expressions  of  new  theorems  in 
spherical  geometry,  and  generally  in  the  geometry 
of  three  dimensions,  when  they  are  interpreted 
on  the  foregoing  principles.    And  the  conviction 
thus  acquired  may  be  strengthened,  if  it  shall  be 
shown,  that  what -seems  to  be  the  only  but  the 
fundamental  paradox  of  this  new  Caixuhis  of 
Quaternions,  when  contrasted  with  ordinary  Al-^ 
gebra,  namely,  the  non-commutative  property  of 
multiplication',  (ij  =  —j{,)  admits  of  a  dear 
and  useful  interpretation,  in  cnnnecUon  with  a 
subject  which  is  so  important  in  geometry  and 
in  mechanics,  as  is  the  doctrine  of  the  composttwn 
of  rotations.  But  I  have  written  enough  for  one 
time;  and  propose,  with  your  permission,  to  re- 
serve for  another  opportunity  the  continuation  of 
any  such  remarks :  respecting  which  1  feel  at  least 
tlie  assurance,  that  vou  will  find  no  difhculty 
whatever  in  following  them — I  therefore  close, 
for  the  present,  by  adcling  only  that  I  remain,  my 
dear  Sir,  very  triilv  vouvs, 

William  Uuwan  Hamilton. 

.  ,  Esq. 
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I  Lettkr  III. 

OBsmtVATORr,  ,  1857. 

My  dear  Sir, — You  have  been  pleased  to 
express  a  wish,  that  I  should  continue  some- 
what further  my  remarlts  on  the  Quaternions; 
and  should  explain  the  sense  in  which  it  was 
stated  in  my  last  letter,  that  so  simple  and  fami- 
liar a  form;  as  the  equation 

s  .  r  q  —  s  r  .  q, 
acquires  a  new  and  impoHant  significance,  in  the 
geometrical  applications  of  my  Calculus :  while, 
on  the  other  hand,  a  formula,  which  appears  at 
first  sight  so  strange  and  paradoxical,  as  the 
equation 

ij——ji, 

is  found  to  admit  of  a  clear  and  useful  interpre- 
tation, connected  with  the  theory  of  composition 
of  rotations.  I  shall  try,  then,  to  make  my 
meaning  perfectly  clear,  on  at  least  the  foruier 
of  these  two  points,  in  the  present  letter,  which 
(if  you  please)  may  be  numbered  as  Letter  III. 
of  this  little  series ;  the  "  Letter  to  a  Lady"  being 
considered  as  number  I.,  and  the  former  commu- 
nication to  yourself  being  therefore  counted  as 
Letter  II.  You  will  permit  me  to  continue  also,  | 
for  the  sake  of  convenience  of  reference,  the  num- 
bering of  the  paragraphs,  and  of  the  formuliE. 

IX.  The  associative  character  of  multiplicaiion, 
expressed  by  the  first  of  the  two  recent  equations, 
namely  by  the  formula, 

s  .  r  q  =  sr  .  q\  (23) 
or,  more  fully  by  the  statement,  that 
U  rq  =  s',audsr  =  q',  then  ss'  =  q'  q;  (24) 
is  a  result  so  universally  admitted,  in  arithmetic 
and  in  ordinary  algebra,  that  the  only  difficvlly 
here  may  seem  to  be  the  difficulty  how,  in  qua- 
ternions, the  re-assertion  of  this  old  propei  iy  of 
the  operation  of  multiplication  can  involve  an}- 
thing  new,  or  which  may  deserve  the  name  of  a 
THEOREM.  You  will  find,  I  think,  that  this  first 
difficulty  is  completely  met  and  overcome  by  the 
consideration,  (which  you  know  already  that  qua- 
ternions require,)  of  angles  in  different  planes,  or 
of  rotations  about  different  axes.    But  it  may  be 
useful  first  to  throw  a  backward  glance,  on  soms. 
of  the  chief  senses  in  which  the  associative  pro- 
perty, above  mentioned,  has  long  been  admitted 
to  hold  good,  in  applications  to  more  elemeiit^uy 
subjects. 

X.  In  the  arithmetic  of  whole  nnmbrr.t,  if  we 
take,  as  an  example,  the  following  values  of  the 
factors, 

q  =  2,  r  =  3,  s  =  4, 

we  shnll  have 

s'  =  rq  =  3x2  =  G,  q'  =  sr  =  A  x3-=12 

and  here  it  is  clear  that  s  s'  =  q'  q,  as  asserted  in 
(,24),  because  4x6  =  12x2  =  24.  And  the  ra- 
tionale of  the  process  might  be  exhibited  to  a 
child,  by  arranging  24  dots  in  a  line,  as  follows: 


four  sets,  of  six  dots  each,  being  thus  spparaicd 
from  each  other  by  vertical  lines ;  and  the  si.i 
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nts,  in  each  set,  being  rtistribntcd  into  iliree 
'lirs.  For  it  would  thus  be  seen,  at  a  glance, 
hat  the  four  sixes  made  exactly  twtlve  paij-s ; 
■nd  that  a  corresponding  result  rnust  hold  good, 
:  I  everj'  similar  example. 

XI.  Again,  when  we  pass  from  whole  num- 
irers  to  mthjar  fractions  in  arithmetic,  and  treat 
:.ie  three  given  factors,  q,  r,  s,  as  denoting  three 
ich  fractions,  we  have  only  to  take  the  whole 
awnber  a,  which  is  the  product  of  the  three  given 
snoniiiiators,  and  to  form  from  it  successively 
wie  three  other  whole  numbers, 

b  =  qn,   c~rh,    d~sc\  (25) 
then  we  shall  have  the  transformations, 

^        c        d        c  d 

«  =  -  s'=-  g'=j-;  (26) 


QUA 


'■id  the  associative  property  of  the  multiplication 
i'  fractions  will  be  verilied  bv  observing  that 

f-    '=^'-  (27) 
c       a       b       a       a  ^ 

yor  example,  if 

7  =  f .    =  1,  «  =  f , 
lien  we  shall  have  tlie  values, 

a=105.  6  =  70,  c=66,  d^GA; 
M  the  verification  will  consist  in  obserN-in"- that 
-  \     _56  _   G4        70  64 
56       105  ~~70  *  To5  ^  105* 
>Xn.  If  tlie  three  factors,  q,  r,  3,  remaining 
'■•■tifice,  should  become  incommensurable  (or surd), 
ippose 

een  the  associative  principle  of  multiplication 

wnld  be  verified,  by  assuming  any  continuous 

:igni,iude,  such  as  a  length,  which  we  may  call 

land  deriving  from  it  successively  three  other 

NJgnitudes  of  the  same  kind,  b,  c,  d,  by  the  con- 

"•  i'Jns(25),conbideredhere  as  indicating  the  three 
pporthms, 

tb:a  =  q:l;  c:b  =  r:l;  d:c  =  s:l.  (28) 
r  r  then,  by  the  meaning  of  multiplication,  con- 
-tered  here  as  corresponding  to  the  composition 

•  ratios,  we  should  have  these  two  other  propor- 
»:-ns,  answering  to  the  two  last  equaticni  (26), 
^        c:a  =  rq:l;    d:b  =  sr:l;  (29) 

a  the  associative  principle  (23)  might  be  ex- 
-!ssed  by  the  e()uations  (27),  or  by  the  state- 
■'  •»..  that  the  ratio  d :  a  mav  at  pleasure  be 
;i;arded  as  compounded,  either  of  the  two  ratios 

•  c  and  c  :  a,  or  also  of  tliese  two  other  ratios, 
*  and  b  :  a.  T\i  such  a  manner  that,  bv  omit- 

:  g  the  point  m  the  expression  of  the  ternary  pro- 
li'uU* """-^  sinijily,  as  our  final 

d:  a  =  sr  q:  1.  (30-) 
^XIII.  When  wo  pass  from  arithmetic  to  Al- 
"  u,  and  nitroduce  the  consideration  of  positive 
■I  nef/ative  quantities,  or  numbers,  the  associa- 
«  equation  (2:j)  is  still  well  known  to  be  true; 
'  It  mvolvcs  now  the  new  ckmcnt  of  the  m/a  of 
^gits,  namoly  (a.s  it«  diief  part),  the  rule  th/it 
J  negative  luctors  -ive  a  positive  product ;  of 


which  known  rule  the  sijuplest  infcrp- station  ap- 
pears to  be  this,  tliat  tiuo  revei-sals  'restore  a  di- 
rection. In  Double  Algebra,  this  rule  was  extended 
by  Argand,  in  the  manner  mentioned  (or  sug- 
gested) in  my  former  Letter  (II.);  but  tlie  asso- 
ciative property  of  multiplication  siill  holds  good, 
in  Argand's  extended  tlieory,  because  the  addition 
of  angles  in  one  plane,  as  '.veil  as  the  composition 
of  ratios  of  the  lengths  of  lines,  is  obviously  an 
associative  operation. 

XIV.  Whal,  then,  was  the  difficvltg  of  extend- 
ing to  quaternions  so  simple  and  familiar  a  result ; 
or  of  showing  that  the  apparently  obvious  formula 
of  miiltiplication,  s.rq  =  sr'.q,  is  still  a  true 
equation,  in  the  new  theory,  as  well  as  in  the  old 
ones  ?  ^  The  difficulty,  as  has  been  hinted,  con- 
sisted in  this,  that  I  had  to  consider  three  given 
rotations,  (q,  r,  s,)  in  three  different  pltmes,  ana 
to  compound  them  variously,  into  one  final  or  re- 
sultant rotation;  the  process  introducing  tivo  nt-iv 
and  auxiliary  planes  of  rotation,  answering  to 
the  two  partial  or  binary  products  (r  q  and  s  r, 
or  s'  and  q') ;  and  the  final  result,  or  the  ternarl/ 
product  (s  r  q),  being  constructed  by  a  rotatioii 
in  a  sixth  plane.  And  it  is  this  essential  reference 
to  a  system  of  six  planes,  which  in  the  doctrine  of 
Quaternions  appears  to  me  to  elevate  the  old  as- 
sociative equation, 

s.  rq  —  sr  .  q, 
to  the  rank  of  an  expression — not  the  less  impor- 
tant on  account  of  its  extreme  simplicitj' — of  what 
I  have  found  to  be  a  fertile  theoi-em  of  solid  geo- 
metry: which  may  indeed  be  enunciated  in  vari- 
ous ways,  but  which,  under  all  its  forms,  requires 
and  admits  of  demonstration. 

XV.  To  make  more  entirely  clear  in  what 
sense  the  equation  (23)  is  treated,  in  my  Cal- 
cidiis,  as  expressing  a  theorem  respecting  com- 
position of  rotations,  allow  me  to  resume  the  first 
equation  (18),  which  I  adopt  from  ordinarv  al- 
gebra, namely,  the  formula, 

where  a,  /3,  y  may,  as  in  my  former  Letter  (IT.), 
denote  any  three  vectors,  o  a,  o  n,  o  c,  supposeil, 
for  the  sake  of  simplicity,  to  di- 
verge or  radiate,  in  any  arbi- 
trary directions,  from  one  com- 
mon origin,  o.  And  let  us  now 
conceive,  in  particular,  that  tlie 
point  B  is  determined  on  the 
line  o  c,  (or  on  that  line  pro- 
longed through  c.)  by  describ- 
ing, round  o  as  centre,  a  circle 
with  o  A  for  radius,  and  in  the 
plane  a  o  c  ;  and  in  such  a  man- 
ner that- the  le7igth  of  the  line  n  n  may  he  eqitnl  to 
that  of  the  line  o  A,  but  timt  the  angle  boo  mav 
vanish;  or  that  we  may  write 

length  of /3  =  length  of  «;  f;,, 
but  also,  ^'  -'• 

angle  between  /3  and  y  =  o 
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Yim  will  observe  that  I  abstain  from  writing  the 
equation,  /S  =  a ;  because,  in  tliis  whole  theory, 
as  in  Double  Algebra,  the  assertion  of  an  ac/ree- 
ment  of  directions  is  considered  as  an  essential  ele- 
ment, in  every  assertion  of  an  equality  of  directed 
inagnitudes :  whereas  the  line  (i  has  here  the  di- 
rection of  the  line  y,  but  not  that  of  the  line  a. 
But  because  the  direction  of  /3  thus  coincides  (in 
our  present  construction)  with  that  of  y,  their 

quotient,—^  degenerates,  in  the  present  case,  from 

a  quaternion  to  an  ordinary  ratio,  or  to  the  nu- 
ineric.'il  expression  of  such  a  ratio,  between  two 
mere  lengths:  and  it  is  this  ratio,  or  its  numerical 
expression,  which  I  call  the  "Tensor"  of  the 

quaternion     as  containing  the  rule  for  extending 
a, 

(or,  as  it  were,  stretching')  the  line  «,  till  it  be- 
comes equal  in  length  to  the  line  y.  On  the  other 
liand,  because  the  lengths  of  a.  and  /3  are  already 
equal  (in  our  present  construction),  in  comparing 
these  two  lines  we  have  to  compare  directions 
only.  And  the  result  of  such  a  comparison,  or  the 

jrjuolieni  — ,  of  two  lines  which  are  equally  lonq, 
a, 

I  call  a  "  Veesor  ;"  or  more  fully,  I  call  it  the 

Versorofthe  quaternion,  -2',  with  the  construction 
a. 

recently  described :  because,  when  regarded  as  an 
operator,  or  (in  a  certain  teclmical  sense)  a  nml- 
tiplier,  in  the  following  formula,  adujited  from 
alg-'bra, 


a, 


(33) 


its  effect  consists  in  merely  altering  the  direction 
without  in  any  waj'  changing  the  length,  ol  the 
operand  line,  a,;  which  line,  by  this  conceived 
version  (or  rotation),  is  changed  to  the  equally 
long  line,  /S,  and  is  thereby  made  to  take  tlie 
direction  of  y.  Indeed,  I  have  lately  found  that 
Mourey,  who  was  one  of  the  many  re- inventors 
of  someof  Argand's  results,  proposed  (in  a  curious 
little  book,  which  was  published  fit  Paris  in  1828) 
to  use  (or  perhaps  to  coin)  the  French  word  "  ver- 
seur,"  with  a  signification  almost  the  same,  for 
the  case  of  angles  in  one  fixed  idane,  thougli 
not  (as  here)  for  angles  in  space.  In  my  Cal- 
culus, for  the  reasons  above  assigned,  I  regard 

every  quaternion  q,  such  as  our  recent  quotient 

a 

as  being  the  product  of  two  factors,  whereof  one 
is  the  tensor,  and  the  other 


(  as  lately  ^  \ 
^as  ^  is  the  versor,  of  that  quaternion.  And 

I  use  the  two  Roman  capital  letters,  T  and  U, 
to  denote  the  two  o2)erations,  of  taking  the  tensor. 
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and  of  (iddng  the  vursor,  respccfi\ely.  in  such  a 
manner  as  to  write,  generally,  the  formula, 

q^Tq.Vq;  (3-1) 
which  is  to  be  interpreted  by  the  help  of  the  n- 
ccnt  construction,  or  by  our  last  figure,  and 
contains  one  of  the  most  frequently  occurrir.g 
transformations,  or  deconqwsitions,  of  a  quater- 
nion :  being,  indeed,  connected  very  intimately 
with  that  geometrical  conception,  on  which  tins 
whole  theory  and  calculus  is  founded. 

XVI.  After  these  general  remarks,  if  we  nnv,- 
return  to  the  associative  equation  (23),  and  ali- 
stract  from  the  known  property  of  common  ni'il- 
tiplication,  depending  on  tlie  mere  composition 
ratios  of  magnitude,  and  already  referred  to 
this  letter,  we  may  dismiss  the  consideration  ' 
the  tensors  of  the  three  given  quaternions,  q,  r. 
and  attend  onlj'  to  the  versors  of  those  quat? 
nions ;  or  which  wiU  come  to  the  same  thing,  we 
may  treat  those  three  factors,  and  their  parti, :1 
and  total  products,  as  being  themselves  quater- 
nions of  the  versor  kind.    But  eve7y  multipUcn- 
tion  of  versors  corresponds  to,  and  is  (on  my  plan) 
constructed  by,  some  suitable  composition  of  rota- 
tions.   For  if  we  resume  the  equation, 

21 A  =  21;  (sro 

/3     a  a 
—  supposing  now  that  the  three  lines  «,  ft,  y,  are 
all  equally  long,  (or,  at  least,  abstracliTig  from 
their  lengths),  we  perceive  that  the  formula  ex- 
presses merely,  on  my  principles,  that  we  think 
of  ourselves  as  turning  a  line,  lirst  in  one  plane 
from  the  direction  a  to  the  direction  jS,  and  then 
from  this  second  direction  /3  to  a  third  direction 
y,  in  a  7;/a«e  which  will  generally  be  differei 
and  as  then  inquiring,  by  what  compound  or  r 
sultant  rotation  we  might  have  ))assed,  at  oui 
in  a  third  plane,  from  the  initial  direction  a  i 
to  the  fnal  direction  y;  which  one  resultant  or  \ 
compound  rotation  we  regard  as  being  equiral' 
to  the  system  of  the  two  given  or  comimient.  »•</. 
tions.    In  fact,  the  three  lines  a,  /S,  y,  if  dra> 
as  before  from  any  common  origin,  will  not  or 
make  three  recliUncar  angles  with  each  other,  h 
also  may  be  regarded  generally  as  the  three  ."i  . 
(or  edges)  of  a  certain  soUd  and  triedral  anr/:' 
tlie  three  faces  of  which  solid  angle  are  tiie  three  I 
planes  tl-.at  contain  them,  two  by  two;  such  as  tlic 
three  pianos  KOG,  koh,  goh,  which  were  cp 
nected  Avitli  the  formula  of  multiplication  ('2  i 
and  with  the  equations  (15)  and  (16)  of  l>eii> 
II.    Now,  on  applying  these  general  \news,  n 
specting  multii)licalion  of  versors,  to  the  case 
the  equation  (23),  or  to  the  fuller  statement  (2-J 
we  see  tliat  since  there  are  in  it  four  such  niuli' 
plications  to  be  considered,  namely,  those  wlii 
have  been  denoted  by 

r  q,  sr,  q'  q,  and  ss',  (y'  ' 

there  must  in  general  be  four  triedral  angi 
to  be  constructed,  or  at  least  to  be  conceivi 
for  the  fidl  ijitcri»retatiou  of  that  asfociat.' 
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inciph,  to  wliicli  the  present  Letter  mainlv 
lates.    Of  these  four  solid  angles,  (36)  if  they 

still  supposed  to  have  one  comvion  vertex, 
'  two  first  have  a  common  plane,  namely, 
'  plane  of  the  versor  r ;  and  they  have  also 
ir  two  rectilinear  angles  in  that  plane  equal, 
!  similarly  directed,  as  representing  eacli  the 

fion  which  answers  to  that  factor.  In  like 
inner,  the  consideration  of  the  versor  q  shows 
It  the  first  and  third  of  the  four  solid  angles, 
triedrals,  (36),  have  one  common  plane,  ami 

0  e(iual  angles  therein.  The  versor  s  estab- 
les  a  similar  connection  between  the  2d  and 

1  of  the  triedrals.  And  because,  by  (24), 
—  r  q,  and  q'  =  sr,  the  binary  product  s'  con- 
.'ts  iu  the  same  way  the  1st  and  4th  triedrals ; 
1  the  other  binary  product  q'  connects  the  2d 
1  3d.  But  there  are  still  the  3d  and  4th,  to 
(if  possible)  connected  by  the  same  kind  of 

itions.  It  is  to  be  shown  that  thess  ttuo  tri- 
■ais  (answering  to  the  products  q'  q  and  s  s") 
e  also  one  plane  common,  and  the  two  angles 
that  plane  equal,  and  similarly  directed :  for 
erwise  we  should  not  have  the  associative 
atian  (23),  and  it  would  be  improper  to  omit 
point,  in  the  expression  of  the  ternary  pro- 
sr  q.  And  it  is  clear  that  the  assertion  of 
i  symbolical  result  involves,  when  interpi-eted 
above,  on  the  principles  of  quaternions,  the 
rtion  of  a  geometrical  theorem,  (or  rather  of  a 
/•  of  geometrical  t/ieorems,')  which  is  by  no 
ms  of  an  obvious  character.  For  you  see,  that 
only  have  we  to  consider,  as  stated  in  para- 
ph XIV.,  a  system  of  six  planes,  but  also,  in 
7  plane,  an  equation  between  tivo  angles ;  in- 
ling,  for  every  plane,  an  agreement,  of  the 
'1  often  called  algebraical,  because  it  can  be 
iressed  by  plus  and  minus,  between  the  direc- 
5  of  the  two  rotations  compared.  And  you 
lit,  of  course,  that  such  conclusions  as  these 
lire  to  be  ^ovvaaily  proved,  and  are  not  to  be 
med  to  be  true,  by  any  mere  instinct  of  ana- 
i;  or  from  any  natural  pleasure  felt,  in  the 
'iralizations  of  symbolical  language.  The  re- 
ing  theorem  looks  very  simple,  when  it  is 
ressed  under  so  familiar  a  form,  as  that  of  the 
■iidy  often  cited  equation  (23);  and  an  in- 
ter might  perhaps  be  jiardoned,  on  that  ac- 
nt,  for  wishing  that  it  siiould  turn  out  to  be 
'  but  we  should  have  profited  ill  by  the  ex- 
ence  of  former  explorers,  if  we  were  to  forget 
t  such  a  vnsh  cannot  supersede  the  necessity 

rigorous  examination,  into  what  is,  in  reality, 
truth.    A  lormal  demonstration  is  requisite; 

sucli  a  demonstration,  under  more  forms  than 
,  I  believe  ni^'self  to  have  elsewhere  given  :* 
lough  I  may  perhaps  be  induced,  at  some 
ire  and  not  distant  time,  to  resume  the  entire 
ject,  and  to  seek  to  simplify  the  proof,  and  to 
vi!  the  acquisition  more  easy,  of  tliat  and  of 
;r  theorems,  respecting  the  quaternions. 

I  or  instance,  in  my  putilislificl  I.ocfurcs  on  Qiiater- 
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XVII.  Meanwhile  }'ou  may  wish  that,  while 
waiving  here  the  question  of  proof,  I  should  at 
least  lay  before  you  some  of  the  many  enunciu- 
lions  of  the  geometrical  principle  to  which  I  have 
been  latelj'  alluding;  and  which  are  all  (accord- 
ing to  me)  concisely  contained  in  what,  at  first 
sight,  must  appear  to  be  the  trite  (though  true) 
formula  of  association,  which  has  so  often  alreadv 
been  before  us ;  namely,  the  equation, 

s  .r  q  =  sr  .  q. 
With  a  view,  then,  to  a  first  enunciation,  I  re- 
mark that  since  ihe.  positions  of  the  six  planes,  as 
distinguished  from  their  directions,  may  in  every 
form  of  the  theorem  be  chosen  at  pleasure,  it  is 
perhaps  the  most  obvious  aiTangement  of  all  to 
assume  them  as  concun~ing  in  one  common  point, 
or  origin,  o ;  and  as  intersecting  a  sphere,  de- 
scribed round  that  point  as  its  centre,  in  a  sys- 
tem of  six  great  circles.  Accordingly,  in  my 
printed  Lectures  on  Quaternions,  I  have  drawn 
a  diagram  to  illustrate  this  conception,  which 
is  there  numbered  as  figure  68,  but  which,  to 
save  you  the  trouble  of  a  reference,  I  shall  here 


transcribe.  In  this  figure,  the  arcs  a  b  and  ic 
are  supposed  to  be  equal  to  each  other,  and  are 
designed  to  be  each  a  representation  of  the  first 
given  versor,  q ;  the  ares  u  c  and  g  ii  are  in- 
tended to  represent,  in  like  manner,  the  second 
given  versor,  r ;  E  F  and  h  i  represent  each  the 
third  of  the  given  versors,  namely,  s;  AC  and 
D  B  represent  the  first  partial  product,  r  q;  a  \ 
and  1.  M,  the  second  partial  or  binary  product, 
s  r;  finally,  the  arc  i)  f  is  a  representation  of  tiie 
ternary  product,  s  .  r  q,  with  the  order  of  asso- 
ciation marked  by  the  point;  and  the  arc  k  m 
represents,  on  the  same  general  jilan,  the  other 
ternary  product,  sr  .  q,  which  is  at  least  dilfereiit 
in  symbolical  form,  from  tiie  previously  mentioned 
product  s  .  rq,  aa  belonging  to  a  different  order 
of  association  ;  and  which  is,  in  fact,  constructed, 
in  the  figure,  by  a  different  arc  of  a  great  circlo. 
But  that,  with  the  foregoing  conditions  of  con- 
struction, namely,  with  the  five  double  coarcu- 
alities,  and  five  equalities  of  arcs,  expressed  by 
the  five  formula;, 

^AU  =  ^lvL,.— snc  =  /-vOII,^EF  =  ^1ir,>  ,„_. 


no 


QUA 

wo  shall  have  olso,  as  their  geometrical  conse- 
fjiinice,  the  sixth  double  ccarcualily,  and  sixth 
fqimlitij  of  (ires  of  great  circles,  expressed  by  this 
sixth  formula, 

^  K  M=t^  D  F,  (38) 


is  a  result  which  fulluws  here  from  the  associative 
principle  of  multipUcution  of  quaternions,^  and  is 
conversely  a  sullicient  expression  of  that  principle. 

XVII  [.  Althougli  I  understand  you  to  wish 
rather  for  statements,  and  for  illustrations,  of 
principles,  than  for  proofs  of  theorems,  in  this 
little  series  of  Letters,  yet,  that  I  may  not  have 
tlie  air  of  pretending  tliat  there  is  any  difficulli/ 
in  proving  tlie  recently  asserted  theorem,  j'ou  will 
])erliaps  allow  me  to  sketch,  in  a  few  words,  a 
(kmonstration  which  will  appear  extremely  easij, 
to  any  one  who  is  at  all  conversant  with  the 
modern  doctrine  of  the  spherical  conies.  Conceive 
that  such  a  conic  is  described,  as  indicated  by  the 
dotted  ellipse  in  the  figure  just  no\y  referred  to, 
so  as  to  pass  through  the  three  points,  b,  ii,  r, 
and  to  have  the  great  circle  d  a  E  c  for  one  of 
its  two  cyclic  arcs.    Tlie  second  and  third  of  the 
five  equations  (37)  will  then  show  that  the  great 
circle  G  L  I  M  is  the  second  cijclic  arc  of  that 
conic;  the  first  equation  (37)  proves  next  that 
the  same  conic  passes  through  the  point  K  ;  and 
if  the  spherical  chord  k  f  be  drawn,  and  pro- 
longed, so  as  to  meet  the  above  mentioned  cyclic 
arcs,  the  fourth  and  fifth  of  the  same  sj-stem  of 
equations  (37),  containing  the  conditions  of  the 
construction,  suffice  to  prove  that  the  transversal 
so  drawn  will  meet  those  arcs  precisely  in  the  two 
points  D  and  m  :  after  which,  the  equation  (38) 
is  an  immediate  consequence  of  the  same  doctrine 
of  spherical  conies.— It  would  not  in  the  least 
degree  surprise  me,  if  the  geometrical  theorem, 
involved  in  that  equation  (38),  should  be  found  to 
have  been  in  some  such  way  anticipated,  though 
I  have  as  yet  no  reason  to  suppose  that  it  has 
been  so,  by  some  contemporary,  and  there  are 
many  such,  far  more  familiar  than  myself  with 
the  geometry  of  the  sphere.   But  what  I  request 
vou  to  bear  in  mind,  as  the  only  thing  a\  hich  I 
lav  any  stress  upon,  in  relation  to  the  existmg 
subiect,  is  the  e.7;/re)«e  simplicity  of  the  expression 
of  the  theorem,  and  its  early,  and  indeed  ya»rfn- 
rnental  character,  as  an  element  in  Iho  calculus 
quaternions,  under  our  often  cited  form,  (23). 
Did  Lord  Buileigh  mean  all  that,  by  shaking  his 
head?  is  a.sked  by  the  critic,  in  the  play  :-He 
didme^n  it  all,  replies  the  author  r/ he  shodc 
his  head  as  I  desired  him.    And  (playful  allu- 
sions apart)  1  must  own  that  the  severe  com- 
pression of  meaning,  the  closely  pocked  exi.ress.ou 
of  thought,  which  enters  thus  into  <1»«;.«7/ 
s,mbolical  statements  of  the  theory  to  wl^ch  t  e.o 
letters  relate,  appears  to  me  interesting  alieady, 
and  full  of  ho{>e  for  the  future. 

XIX.  I  do  not  know  whether  you  have  ever 
yielded  to  the  fascinations  of  that  high  and  beau- 
tiful part  of  modern  geometry,  ^Yhlch  deals  with 
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the  infinites  and  with  the  imaginnri''s  of  spar 
by  so  consistent  and  successful  a  method,  as  ih 
which  has  been  used  by  Poncelet  and  by  Cha-l- 
and  by  other  recent  discoverers,  in  France,  in  ('.' 
many,  in  Italy,  and  in  these  islands  (and  probal  i; 
elsewhere)  :  the  happy  daring  of  whose  researcli 
is  closely  allied  to  poetry.    For  even  in  tin 
lofty  and  difficult  regions  of  abstract  science, 
which  I  now  allude,  the  presence  of  poetry  is  -^tin 
felt :  and  with  the  alteration  of  a  word,_  (which, 
I  admit,  destroys  the  metre,)  we  may  still  quote 
from  Horace, 


[Pdesin]  expellfts  furcfi,  tatnen  usqne  recurret, 
Et  mala  peiTumpet  fartim  fustidiu  vlcni-v. 

As  an  example  of  the  use  which  may  be  made, 
of  such  imaginative  yet  scientific  contemplations, 
in  connection  with  our  present  subject,  it  has 
lately  occurred  to  me  that  the  theorem  (38),  al- 
ready stated  in  this  Letter,  as  an  interpretation  of 
the  associative  formula  (23),  may  be  extended,  or 
at  least  mav  be  transformed,  by  the  introduction 
of  that  wholly  ideal  circle,  in  which  some  modem 
geometers  have  conceived  a  finite  sphere  to  be  cut, 
bv  a  plane  which  is  at  an  infinite  distance :  the 
boldness  of  this  geometrical  conception  being  no 
fault,  nor  merit,  of  my  on-n.    For  each  annnu- 
diulily  of  two  real  arcs,  of  any  one  great  circle 
upon  a  sphere,  as,  for  instance,  the  arcs  a  h  and 
K  B,  in  the  recently  cited  figure,  4,  I  am  in  this 
wav  led  to  substitute  an  involution,  between  those 
two  arcs,  and  that  third  but  imaginary  segmeut 
of  their  common  great  circle,  which  is  conceiml 
to  be  intercepted,  as  a  spherical  chord,  wilhm  tJie 
ideal  circle  just  now  spoken  of.    And  thus,  iii- 
stead  of  a  svstem  of  six  commedmlities,  (ii) 
(38),  I  am  conducted  to  a  system  of  six  involu- 
tions, n-herenf  any  three  include  the  three  otiiers, 
and  which  must  still  subsist,  even  when  ytepuss 
back  from  the  imaginary  to  the  retd,  on  a  plan 
well  known  in  modern  geometry.  Dwrnssmji, 
therefore,  now  and  here,  the  ideal  curie  at  m- 
fiuitu  I  am  led  to  the  following  theorem,  more 
complex  in  appearance  than  that  of  our  recent 
paragraph  XVIL,  but  for  which  I  see  a  sufficiently 
easv  geometrical  proof,  (although  I  shall  not 
trouble  you  with  it,)  derived  from  the  known 
properties  of  involution  and  of  comes,  and  espe- 
cially from  the  celebrated  theorem  of  Desargucs 
transferred  from  the  plane  to  the  sphere:—' 
the  four  successive  sides,  a  b,  b  c,  C  D,  d  a,  > 
anv  si.hericiil  quadrilateral  a  B  C  D.  be  cut,  re- 
spective! v,  in  the  four  points  a',  b',  c',  d,  by  an> 
one  transversal  arc  K  k,  and  in  the  four  oil  c 
points  B",  c",  d",  a",  by  any  ot''*^'' ^['"^'^-r'  t '  , 
G  H,  where  kk  and  G  n  are  two  ^Phev-caUhora 
of  any  one  given  spherical  conic  (2),  which  come 
cuts  the  same  four  sides  of  the  q"";l>;'l"^7' 
the  four  pairs  of  points,  a'"  b",  b'"  c  ,  - 
n"'A>v-,  then,  of  the  six  following 
(each  connecting  three  pairs  of  point,  on jo^ 
one  great  circle,  out  of  the  24  pomts  of  the  con 
struclioii,)  namely, 
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(A,n;  a',b";  a"',b"'),  (b,c;  i>',c";  b"',c'^) 
(a',c';  b',d';  e,f),  (39) 


QUA 


,d;  c'd";  c."'d'v),  (d,A;  d',a";  d",'A'^), 
(A,"c"iB",D";  G,H),  (40) 
7  three  include  the  three  others."  Of  coiirso, 

may  suppose,  as  a  particular  cose,  that  the 
lei  ical  conic  is  composed  of  a  pair  of  great 
rics;  or,  as  another  limit,  that  the  given  conic 
t  becomes  a  plane  one,  and  that  the  great 

les,  A  B,  Sec..,  degenerate  into  strnight  lines.  It 
ins  unnecessary  to  tai<e  up  your  time,  or  my 
11,  by  drawing  here  any  diagram,  to  illustrate 

foregoing  enunciation :  but,  as  a  hint  which 
y  assist  you  in  making  out  a  ^iroo/' of  the  theo- 
1  for  yourself,  I  may  just  notice  here,  that  under 

supposed  conditions  of  construction,  the  eight 

>>s.  A,  B,  c,  B,  E,  F,  G,  H,  are  ranged  upon  one 

nnn  conic  (2'),  which  is,  however,  generally 
>nct  from  the  given  conic  (2).  Another  conic, 
).  passes  through  the  eight  points,  a"  a'"  b'^b' 

'  d'^'d';  and  a  fourth  conic,  (2"'),  through 
eight  other  points,  a'^  a'  b"  b'"  c^^  c' 
D'".    These  results  may  easily  have  been  an- 
pated,  but  I  have  not  happened  to  meet  with 
m.    At  all  events,  you  will  please  to  remem- 

that  I  mention  them  here,  merely  as  things 
ch  have  been  suggested  to  me  b_v  the  consi- 
ition  of  the  geometrical  meanings  of  the  very 
pie  formula, 

s.rq~sr.q,  (23) 
•n  interpreted  on  the  plan  of  the  quaternions, 
ex.  It  was  observed,  in  paragraph  XVII.  of 

letter,  that  the  most  obvious  and  easg  ar- 
-  ;ment  of  the  six  planes,  which  enter  essen- 
':i  into  the  study  of  the  geometrical  meaning 
uterpretatioD,  of  that  simple  associative  for- 


Firr.  5. 


«  (23), 

appears  to  be  that  airaiigenient,  al- | 
r  . described,  in  which  the  six  planes  concurred 
^^Somt  o,  assumed  as  the  centre  ofa..yjhere. 
U  there  is  another  arrangement,  almost  as 
which  in  modern  geometry  would  be 
*  '"le  reciprocal  of  lUe  former  j  and  wliich, 
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in  mj'  published  Lectures,  is  ilUistj-ated  bv  n 
hgure,  whereof  I  herewith  enclose  to  you  a  copy 
(fig.  5):  the  six  planes,  in  this  construction,  hcw^ 
tangents  to  one  common  sphere,  at  six  pain's, 
A,  B,  c,  D,  E,  F,  which  points  are  connected  by 
twelve  arcs  of  great  circles, 

AB,  nc,  CD,  DA;  EA,  EB,  EC,  ED; 

FA,  FB,  FC,  F.) ;  (41) 

for  the  three  arcs  a  c,  b  d,  e  f,  are  not  required 
for  our  present  purpose,  any  more  than  were  the 
intersections  of  the  three  pairs  of  arcs,  al,  ei; 
A  E,  L  i;  and  dm,  cg,  in  figure  4.  Supposing, 
to  fix  our  conceptions,  that  the  two  points  e,  f 
are  situated  in  the  inteiior  of  the  spherical  quad- 
rilateral abcd,  the  associative  theorem  of  mul- 
tiplication of  quaternions  may  (as  in  mv  Lectures) 
be  stated  thus :— "Q/-///e  six  following  equations 
between  spherical  angles, 

ABE  =  FBC,  BCF=:ECD,  BEA  +  DEC=!r,  (42) 
DAF=EAB,  FDA  =  CDE,  AFD  +  CFB  =  5r,  (43) 

the  three  first  (or  indeed  any  three)  include  the 
three  others."  In  fact,  it  is  found  that  the  points 
e  and  F  are  the  two  fid  of  a  spherical  ellipse, 
msaribcd  in  the  spherical  quadrilateral  a  b  c  j> ; 
a  relation  which  I  have  proposed  to  denote  con^ 
cisely  by  the  formula, 

E  r-  ( . .  )  abcd;  (44) 
and  it  may  be  remarked  that  we  are  at  the  same 
time  allowed  to  write  on  tliesame  pl;m  these  two 
other  analogous  formulas, 

ac(..)bedf,  and  bd(..)aecf;  (45) 
because  the  points  a  and  c  are  foci  of  a  spherical 
hyperbola,  which  is  touched  by  the  prolongations 
of  the  four  sides  of  the  quadrilateral  b  e  d  f;  anil 
B,  D  are  foci  of  another  hyperbola,  touched  bv  the 
four  sides  (prolonged)  of  the  third  sphericalqua- 
drilateral  a  k  c  f.    In  preparing 
for  the  foregoing  enunciation  of 
the  associative  principle  of  multi- 
plication, I  use  the  following  aux- 
iliary theorem,  or  rule  of  construc- 
tion, which  can  be  deduced  from 
wliat  was  stated  in  my  former 
letter ;  namely,  that  if  any  two 
versors,  q  anil      be  represented 
by  the  two  base  angles,  A  and  u, 
0/  a  spherical  triangle,  then  their 
product,  r  q,  will  be  (on  the  same 
plan)  represented  by  the  external 
angle  at  the  vertex,  c:  a  certain 
order  <f  rotation  being  attended 
to. 

XX 1.  You  conceive,  of  course, 
(altliough  it  has  only  occurred  to 
mc  while  writing  this  letter,)  i|]at 
this  last  geometrical  statement  of  the  tlieorom 
of  associative  multiplication,  like  the  statement 
previously  made,  must  admit  of  being  extended 
or  transformed,  Jjy  the  introduction  of  the  ideal 
circle  at  iutinity,  wliicli  was  mentioned  in  para- 
grapli  XiX.  By  substituting  i,guin,  fur  that  idsal 
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circle,  an  arhltrary  conic  (2),  and  by  draw- 
ing to  it  twelve  tan(jent  arcs,  from  the  six  points 
A,  B,  0,  D,  E,  F ;  nainely,  aa'  and  aa"  from  the 
point  A;  B  «'  and  ub"  from  d,  &c. ;  the  theorem 
may  be  stated  as  follows: — "//"  avy  three  of  the 
six  spherical  pern  i/s, 

(a  B,  ad;   a  E,  a  F  ; 

B  K,  B  F  ; 


(bc,  ba; 
(c  D,  (;  b; 
(da,  d  c; 
(ka,  jcc; 
(f  a,  f  c; 


c  E, 
D  IC, 

E  n, 

F  B, 


C  F 
D  Ji" 
E  D| 

F  D  ; 


A  A', 
B  B', 
C  C, 

DD',  D  d"), 
E  E',  E  e"), 
FF',  F  f") 


BU"),  i 


(46) 


[^f  A,    l<-  u;     L<  IS,    i<  l>;     l<-  L>-  ,    LI-    1'   J,  J 

he  pencils  in  invnlution,  the  three  other  pencils  will 
be  in  involution  likevxise."  In  this  construction,  be- 
sides the  conic  (2),  which  is  touched  by  the  twelve 
arcs  A  a',.-f  f",  there  are  three  other  conies,  (y!), 
(s"),  (2'"),  of  which  each  is  touched  hij  eight  arcs, 
7iamely,  by  four  of  the  last  mentioned  twelve,  and 
by  four  others  in  the  figure,  -which  I  leave  it  to 
yourself  to  draw :  for  instance,  the  conic  (2')  is 
touched  by  these  eight  arcs, 

AB,  BC,  CD,  UA,  EEl',  EE",  FF',  Ff".  (47) 

All  this  you  will  easily  verify,  if  you  are  suffi- 
ciently familiar  with,  spherical  geometry.  In  the 
lately  cited  figure,  5,  the  dotted  eUipse  may  re- 
present the  conic  (2')  ;  but  the  tangents  to  it  from 
E  and  F  are  imaginary. 

XXII.  There  is,  "however,  a  third  mode  of 
aivanging  the  six  planes  of  the  six  quaternions, 
(7,  r,  s,  rq,  sr,  srq,  which,  though  it  has  onlj'^  lately 
occurred  to  me,  appears  to  possess  some  impor- 
tant advantages  in  point  of  simplicity,  over  both 
of  the  two  former  arrangements,  and  to  be  more 
perfectly  adapted  to  become  a  base  for  elementary 
instruction,  in  some  future  work  on  the  whole 
subject  to  which  these  letters  relate.  This  third 
arrangement  consists  iu  treating  the  six  planes 
of  the  quaternion  factors  and  their  products,  as 
tlie  six  faces  of  a  kexuedron  inscribed  in  a 
rphere  ;  and  therefore  as  cutting,  generally,  the 
spheric  surface,  in  a  system  of  six  small  circles. 
Ill  this  manner,  the  angle  of  each  quaternion 
comes  to  be  constructed,  not  by  the  angle  be- 
tween tioo  radii,  nor  by  that  between  tioo  tan- 
gents, but  by  the  angle  between  two  (rectilinear) 
chords  of  the  sphere ;  and  therefore  by  aa  angle 
in  a  segment  (and  in  the  plane)  of  one  of  the 
small  circles,  which  of  course  may  be  replaced 
by  any  other  angle  in  the  same  segment,  or  by 
the  supplement  of  an  angle  in  the  ojrpositc  (or 
alternate)  .segment;  the  essential  condition  of 
having  two  representations  for  each  of  the  six 
quaternions  being  thus  very  simply  fulfilled:  — 
while  the  four  multiplicntions  (3G)  are  efiTected 
with  great  ease,  at  four  of  the  eight  corners  of 
the  inscribed  sJid,  which  represents  here  the, 
triedral  auf/les  of  paragrapli  XVI.  On  con- 
sidering the  question  from  tliis  point  of  view,  wc 
are  led  to  regard  the  truth  of  the  associative  for- 
mula (23),  when  intenircted  in  connection  with 
quaternions,  as  depending  on  this  theorem  of 
geometry,  which  can  be  understood  and  proved 
without  any  reference  to  cones  or  io  couics:—"  ij 
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A  b'  c  a'  B  f/  he  any  Qjlane  or  gauche)  hexngrn, 
such  that  the  three  circles,  d  a  b',  b'  c  a',  a'  a  c", 
concur  in  one  common  point  D,  (as  the  secdiid 
intersection  of  each  pair),  then  the  three  other 
circles,  A  B'  c,  c  A'  B,  B  c*  A,  concur  in  another 
common  point  d';  and  of  the  six  quadrilateruU, 

d  A  b' d,  b'  c  a' d,  a'  b  c'  n,  >  , ,  ^ 

A  b'  c  d',  c  a'  b  d',  b  c'  a  d',  /  ^ 

which  are  thus  inscribed  in  circles,  an  even  num- 
ber (if  any)  will  be  crossed,  and  another  even 
nuviber  (if  any)  will  be  uncrossed  quodrilateruls." 
— It  is  easy  to  see  that  if  the  hexagon  be  not  a 
plane  one,  it  must  be  inscriptible  in  a  spJtere; 
and  then  the  principles  of  stereogrophic  j)rojec- 
tion  render  it  sufficient  for  M^to prove  the  theorem, 
for  the  plane,  in  order  to  infer  that  it  is  true  fur 
space:  while,  if  we  take  for  the pofe  of  the  pro- 
jection the  first  point  of  concurrence  d,  the  small 
circles  which  meet  at  the  point  will  be  pnjected 
into  right  lines.  Interchanging,  then,  the  ac- 
cented and  unaccented  letters,  we  ultimately 
arrive  at  this  very  elementary  form  of  the  tiieo- 
rem,  to  the  extreme  simplicity  of  which  it  seems 
scarcely  possible  to  hope,  or  even  to  wish,  for  any 
addition : — "  If  A',  b',  c'  be  any  points  on  thu 
three  sides,  b  c,  c  A,  a  b  o/'  any  plane  tri^nule 


ABC,  or  on  those  sides  prolonged,  iJie  tbve 
circles,  A  b'  c',  b  c'  a',  c  a'  b',  meet  in  one  cm- 
mon  point  D ;  and  of  the  six  successions,  recti- 
linear and  circular, 

AB'r,  BC'A,  CA'B,  a'bC'D,\  ^49) 

b'  c  a' d,  C  a  b' d,  / 
an  even  number,  if  any,  will  be  direct,  and  another 
even  vumber,  if  anv,  will  he  indirect."    "  i-- 
however,  to  be  remembered,  that  in  rcturnw;/ 1 
from  this  ver\-  simple  proposition  of  plane  geome- 
try to  the  fJrmula  (23)  for  q>mte7'nions, 
obliged  to  use  some  of  the  properties  of  the  f/iff-i 
and  some  theorems  of  sferoographic  projection- 
The  necessity  for  proving  the  constant  existemci 
of  an  even  number  of  direct  successions  (iepr 
on  the  circumstance,  that  we  are  obliged  to  pr. 
that,  in  the  calculus  of  quaternions,  we 
always  s  .  r  q  =  +  s  r  .  q,  and  never  s.rq 

Xxiu.  It  would  be  unreasonable  to  add 
the  length  of  this  letter,  by  entering  upon  • 
considerliliou  of  any  of  those  other  formi.l. 


QUA 

messing  principles  not  less  importai.t  in  tli.'s 
Iciilus,  such  as  the  equation 

=  (s  +  r)  -j-  7,  (50) 
lich  contains  the  associative  principle  of  ad- 
lon  of  quaternions;  or  on  either  of  the  two 
lations, 

i--{-q)  =  sr-\-sq,         q)s  =  r  s-\- q  s,  (51) 

lich  jointly  contain  the  distributive  properly  oj 
duplication,  and  which  must  at  first  sight 
[tear  to  be  mere  truisms,  to  a  person  familiar 
(h  ordinarj-  algebra,  or  even  to  a  beginner 
■rem.  You  are  now  fully  prepared  to  conceive 
It,  when  intei-preted  on  the  principles  of  my 
nier  letter,  they  require  to  be  proved  anew; 
1  that,  when  so  proved,  they  rise  at  once  to  the 
ik  of  theorems  in  solid  geometry.  It  is  worth 
icing,  however,  as  we  pass,  that  the  ussodu- 
-  principle  (50)  of  addition  of  quaternions,  al- 
'ugh  it  looks  so  simple,  is  really  a  more  com- 
X  one  in  its  interpretation,  not  "only  than  the 
responding  principle  (23)  of  midtipKcalion, 

even  than  the  distributive  principle  under 
ler  of  its  two  forms  (51),  which  is  itself  not 
te  so  simple  as  (23).  The  ultimate  reason  of 
5  fact  appears  to  be,  that  the  geometiical 
reption  of  a  quaternion  being  with  us  referred 
>vhat  we  have  regarded  as  the  division  of  one 
•cted  line  by  another,  multiplication  has  na- 
illy  a  closer  and  more  intimate  connection 
h  the  quotients  thus  obtained,  than  addition 
with  them.  But  in  a  slightly  more  technical 
>•,  on  the  plan  of  paragrapli  (15),  it  may  be 
larked  that  while  tensors  dis"ppear  entirely 
n  the  equation  (23),  (except  in  the  old  and 
fectly  well  known  sense,  of  composition  of 
os),  there  enters  one  arbitrary  ratio  of  tensors 
■  rq),  into  each  of  the  equations  (51);  and 
sucji.  ratios  (ts:  Tr  :  Tq)  enter  into  the  equa- 

(50).  Accordingly,  on  fvlhj  constructing, 
spherical  geometry,  what  is  'meant  (in  my 
ulus)  by  that  last  cited  equation,  I  am  con- 
ted  to  what  may  seem  to  the  eve  a  compli- 
d,  yet  not  inelegant /Vi/re,  of  which  I  spare 

the  examination.    You  conceive  that  invo- 
m  may  scarcely  suffice  for  the  interpretation 
lie  geometrical  relations  here  included ;  and 
,  at  least  when  combining  them  with  the 
•''Ption  of  the  ideal  circle  at  infinity,  I  find 
olf  almost  compelled   to   employ  Chasles' 
ry  of  double  homoyraphic  division,  upon  a 
or  of  homoyraphic  pencils,  having  a 
'uon  vertex  and  a  common  plane.    In  the 
''"St  construction  which  has  occurred  to  me, 
lius  representing  tlie  geometrical  meanint?  of 
equation  (50),  I  have  been  oblijred  to  con- 
system  often  such  planes;  nauielv,  tiiose 
ten  quaternions, 


QUA 

But  when  I  wish  to  incoiporate,  with  the  asso- 
ciative property  of  addition,  the  coinmuiulice 
property  thereof,  or  the  equation 

q-\-r  —  r-\-  q,  (54) 
which  is  true  for  quaternions,  as  well  as  fur 
ordinary  algebra,  new  planes  require  to  be  con- 
sidered, which  I  will  not  now  delay  to  enume- 
rate. You  guess,  no  doubt,  that  because  addition 
of  lines  is,  according  to  a  whole  host  of  moderns, 
whom  in  this  respect  I  merely  follow,  performed 
by  the  rule  of  the  parallelogram,  (compare  para- 
graph VII.),  there  must  enter  ratios  of  sines 
into  the  interpretations  of  such  results  as  these ; 
and  that  thus  I  have  been  led  to  reproduce  many 
old  equations,  between  products  of  sines  of 
segments  of  the  arcs  employed  in  the  construc- 
tions;  and  perhaps,  (though  I  do  not  venture  to 
assert  it),  to  find  out  some  new  equations  of  that 
class;  because  some  of  my  diagrams  involve 
simultaneously  a  greater  number  of  points  and 
of  arcs,  tlian  it  seems  to  have  been  usual  to  con- 
sider in  any  one  construction  upon  the  surface  of 
a  sphere. 

XXIV.  It  has  been  my  desire  to  avoid,  as 
far  as  it  was  possible,  all  technicalities  of  calcu- 
lation, in  this  series  of  letters,  now  drawing 
to  its  close.  But  this  appears  to  be  a  proper 
place  for  mentioning  another  fundamental  con- 
nection between  quaternions  and  trvjonometry, 
which  arises  out  of  the  very  conception  of  addi- 
tion in  the  present  calculus.  You  remember  the 
two  formula}  (11),  which  I  have  adopted  from 
algebra,  or  from  arithmetic,  as  being  sufficient  to 
fix  the  rules  of  the  addition  and  subtraction  of 
any  t^ro  quaternions,  when  the  addition  and  sub- 
traction of  two  directed  lines  are  performed  in  t!ie 
modern  way,  just  now  alluded  to.  Employin-, 
tlierefore,  the  fundamental  formula  of  addition  of 
fractions  or  of  quotients, 


let 


a         a  a 


i  «  ;  r  ■ 


■+?;«  +  r;/(-f-7--[-r7;  (52) 
h?;«:r;(r-f  (7):s;(s-f  r-):^;  (53) 
>re  the  colon  is  used  as  a  mark  of  division. 


5^  +  ^  =  2,     /3||a,    y±ct;  (-5) 
the  mark  of  parallelism  ||  being  so  interpreted  a3 
not  to  exclude  coincidence  of  position,  on  one 
common    rectilinear  axis.    'I'lien,  the  general 
quaternion,  q  or  'S  :  a,  will  be  broken  up  or  de- 
composed into  tivo  parts,  of  wliich  it  is  the  sum; 
and  of  which  one,  (fi  :  a),  being  the  quotient  of 
two  siwHarli/  or  oppositely  directed  lines,  is 
simply  a  positive  or  negative  number  ;  while  the 
other  part,  (y  :  a),  as  being  tlie  quotient  of  two 
mutually  rectangular  lines,  may  bo  said  to  be  a 
right  angled  quaternion,  or  more  concise'y  a 
lUoiiT  QuoniiNT.    I  denote  these  two  parts  (or 
components)  of  any  given  quaternion  q,  by  tlie 
symbols,  s  q,  and  v  7;  so  as  to  write,  general! v, 
V  q-\-  sq  =  q,or,q  =  sq-\-vq;  (5G) 
aiul  am  accustomed  to  say  tliat  the  merely 
rniineiical,  or  rather  algebraical  part,  s  g,  is  tlie 
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QUA 

miJar  part,  or  more  briefly,  that  it  is  the  scalar 
of  tlic  given  quaternion  7;  and  tliat  the  ol/iei- 
part,  V  q,  which  has  just  now  been  called  a  riyht 
quotient,  is  the  vector  part,  or  simply  the  vec- 
TOii  of  the  same  quaternion,  g.  For  I  have  long 
been  led,  by  se^'eral  concurring  considerations,  to 
regard  every  such  riijht  quotient  (y  :  a,  where 
7  _L  a),  as  being  one  ^\  hich  may  be  properly 
and  usefully  comtrvcled,  or  geometrically  repre- 
sented, by  a  right  line  perpendicular  to  its  plane; 
the  direction  of  this  line,  or  vector,  being  dis- 
tinguished from  its  own  opposite,  by  the  condi- 
tion that  the  quudrantul  rotation,  performed  round 
it  as  an  axis,  from  the  divisor  line  (a),  to  the 
dividend  line  (y),  or  from  the  denominator  to 


the  numerator  of  the  geometrical  fraction 


(-:)' 


shall  be  always  right -handed,  or  always  left- 
lianded,  according  as  the  right-handed  or  the 
left-handed  direction  of  rotation  shall  have  been 
previouslj'  assumed  to  be  the  positive  one :  while 
the  length  of  the  same  vectok-axis  shall  bear 
to  an  assumed  unit  of  length  that  ratio,  whatever 
it  may  be,  which  the  length  of  the  dividend  or 
Jiumerator  line  (y)  bears  to  the  length  of  the 
divisor  or  denominator  line  (a).  The  general 
quaternion,  q,  (as  it  early  occurred  to  me,)  might 
on  this  account  be  said  to  be  a  Gramilarithm 
(from  the  words,  y^a.fi/^Yi  and  «g/('^os);  because 
it  is  thus  regarded  as  being  the  symbolical  sum 
of  two  parts,  of  kinds  quite  distinct  from  each 
other ;  whereof  one,  namely,  the  vector  part  (v  q), 
is  constructed  by  a  line  {y^a.fjif/.n),  in  space  of  three 
dimensions,  and  is  therefore  geometrical,  or  gram- 
Mtc  (if  we  may  venture  to  coin  such  an  adjective, 
from  the  Greek  word  just  now  mentioned) ;  while 
tlie  other,  namelj',  th^scnlar part(s,q),  isexpressed 
by  a  positive  or  negative  number  (^u.^tCfjt.!>i),  and 
may  therefore  be  said  to  be  arithmic,  or  alge- 
braical. And  the  essentinl  connection  of  ni}-  geo- 
metrical quaternionw'Wh  thenumber  FoUK,  (wliich 
is  required  for  the  propriety  of  the  name.  Qua- 
ternion), is  here  made  manifest  in  a  new  way, 
or  at  least  in  one  which  has  not  hitherto  been 
noticed  in  these  Letters.  For  we  see  that  while 
tiie  arithmic  (or  scalar')  part,  of  tlie  general  geo- 
metrical qmtient  of  two  directed  lines,  admits  only 
of  what  may  be  called  an  unidimensional  variety, 
analogous  to  that  which  is  exemplilied  in  the 
progression  of  Time;*  the  grammic  (or  vector) 
\y.\r\.  of  the  same  general  quotient  (or  fraction) 
in\-olves,  on  the  contrary,  all  that  triilinmmonal 
variety  which  is  include  !  in  tlie  notion  of  Space: 
so  that,  by  this  analysis  alio,  of  the  conception 
whicli  is  the  subject  of  these  Letters,  we  are  still 
conductiid,  as  before,  to  the  consideration  and  em- 
ployment of  a  SvsTUM  OF  Vnvn  Ei,i:men-i-s. 
XXV.  As  regards  the  connection  of  quaternions 

•  "  And  how  the  One  of  Time,  of  Space  the  Tlirce, 

Mi^ht  in  tlic  Chain  ofSymliol  einllcd  be." 
IVrnin  the  "TctnictvR."— iin  unpnlilisluvl  sonnet,  ad- 
dressed to Sh- John  K  W.  Ueisclicl,  in  ISili.J 


(57) 
(58) 


QUA 

with  trigonometry,  lately  alluded  to,  it  may  suHtce 
to  remarlc,  that  because  we  may  deconii)ose  any 
geometrical  quotient  of  two  coiuitial  liues,  sucii 
as  the  quotient 

O  D  :  o  K=.  q, 
into  its  scalar  and  vector  parts,  namely, 
ob:oa  =  S5;  oc  :  o  a=bd  :  OA=vgr, 

by  letting  fall  a  perpendicular  d  b,  from  d,  on 
the  indefinite  right  line  0  a,  and  then  completing 
the  rectangle  o  b  d  c;  the  two  partial  quotients 
(58)  must  evidently,  on  account  of  the  right- 
angled  triangle  o  b  d,  be  related  to  each  other 
(at  least,  as  one  element  in  their  mutual  rela- 
tions), as  Cosine  is  related  to  Sine.  Indeed,  tlie 
vector  character  of  the  right  quotient,  vq,  gives  to 
it  the  sort  of  tridimensional  variety,  already  men- 
tioned ;  so  that,  whereas  the  cosine,  with  which 
we  have  just  now  connected  8  q,  is  simply  ^ost- 
tive,  or  negative,  or  null,  according  as  the  angle 
A  0  D,  wliich  we  may  here  denote  as 


A  o  D  =  ^  q,  (o9) 

is  acute,  or  obtuse,  or  right;  the  <?««e,  with  which 
we  have,  on  the  same  plan,  compared  v  q,  must, 
with  reference  to  this  comparison,  be  thought  of, 
as  having  a  relation  to  a  variable  plane,  admitting 
of  a  variable  aspect.  But,  if  we  are  content  to 
attend  only  to  the  mere  numerical  and  positive 
quantity  of  the  Sine,  which  suffices  for  the  wants 
of  ordinary  trigonometrj',  so  far  as  it  relates  to 
the  solution  of  triangles,  as  well  spherical  as  plane, 
we  may  retain  the  usual  meaning  of  the  Sine  of 
an  angle,  such  as  ^  q.  And  then  we  may 
establish  the  two  following  general  forniul*, 
which  I  have  found  to  be  frequently  useful : 

S  TJ  7  =  cos  .*:^(7 ;  T  V  c  g  =  sin -<£^  (7.  (60) 
It  is  also  very  often  convenient  to  employ  this 
other  notation, 

K  q  =  s  q  —  y  q  (61 

where  k  q  may  be  said  to  denote  the  quaternion 
conjugate  to  q :  the  gtomelrical  character  of  surh 
conjugation  of  two  quaternions  consisting  in  thi.-, 
that  when  any  three  diverging  lines,  o  a,  on, 
0  c,  furnish  two  conjugate  quotients,  such  as 

on  0  0 

OA  OA 

then  the  line  0  a  bisects  the  angle  b  o  c,  between 
the  two  oilier  lines.  You  conceive  that  thi'* 
notation  must  be  uscfnl  in  many  researches  of 
pure  and  apjilied  mathematics;  for  instance,  in 
some  optical  investigations,  when  conducted  by 
the  method  of  quateruioua;  since  the  two 
quotients, 

incident  ray,  divided  by  normal  to  mirror,"  (03) 

"  reflected  ray,  divided  by  the  same  normal,'"  (6-1) ' 
are,  in  this  view,  quaternions  conjugate  to  cacn 
other;  at  least,  if  the  incident  and  reliectcd  rays 
be  treated  as  two  lines  eiianlly  long.    And  you 
will  not  have  unduly  tlailurod  the  Miaiiou,  lo 
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'  which  (or  at  least  to  the  conception  of  which)  the 
present  Letters  relate,  if  you  shall  give  it  credit 
:  for  admitting  of  being  usefully  applied,  to  phy- 
>  sical  as  well  as  to  mathematical  science,  in  a 
.  great  variety  of  other  ways.    But  before  enter- 
;  ing  on  even  the  slightest  sketch  of  any  such  ap- 
plications  of  the  present  Calculus,  a  word  or 
two  must  be  said  respecting  its  onl?/  other  pe- 
culiar notations,  in  addition  to  the  j/?«e  symbols, 
or  characteristics  of  operation  on  a  quaternion, 
namely, 

T,  U,  S,  V,  K,  (65) 
■  which  have  been  thus  recently  employed. 

XXVI.  These  other  peculiar  symbols,  or  (at 
.least)  symbols  iwed  in  a, peculiar  sense,  ai-e  merely 
:  the  three  letters, 

h  J,  (66) 

t'treated,  however,  as  being  subject  to  a  few 
.special  laws,  which  it  shall  now  be  my  en- 
deavour briefly  to  explain.  Nearly  all,  indeed, 
Ithat  is  necessary,  will  have  been  said,  when  it  is 
■^remarked,  that  the  i  j  Je  of  this  calculus  are  con- 
sidered by  me  as  representing  three  right  quotients 
in  three  rectangular  planes,  with  unity  for  their 
common  tensor ;  (compare  paragraphs  XV.  and 
XXXIV.)  in  such  a  manner  that  we  may  write, 

Ti  =  Ty=T^  =  l;  (67) 
i  ±J;  j  ±  k;  k  ±i.  (68) 

lYou   e  that  the  introduction  of  such  a  svstem  of 
•.symbols  is  very  closely  connected  with  the  notion 
bf  TRIDIMENSIONAL  SPACE,  to  which  the  qua- 
demions  throughout  refer:  for  although  I  can 
ippply  my  calculus  to  plane  p7-ol)lems,  as  a  limit, 
iyet  I  frankly  admit  that  it  would  not  have  been 
yoorth  while  to  invent,  or  even  to  learn,  this  new 
jsystem  or  method  of  calculation,  if  no  problems 
^iieyond  the  plane  were  to  be  treated;  and  therefore 
f  regard  it  as  not  quite  fair  to  be  asked  (as  I 
iometimes  am),  to  exemplify  the  method  by  the 
reatment  of  plane  conies: — to  be  tested,  and 
ndeed  to  be  rightly  understood,  it  must  be  seen 
n  its  applications  to  higher  questions,  such  as 
hose  which  relate  to  spherical  conies  (already 
'Uuded  to  in  this  Letter),  or  to  surfaces  of  the 
■econd  order;  or  to  some  other  mathematical  or 
)hysical  subject,  in  which  the  three  dimensions 
'/  space  eater  essentially.     One  does  not  use 
except  as  a  mere  exercise)  the  method  of  fluxions 
0  estimate  the  area  of  a  plane  triangle;  nor  the 
;alculus  of  variations  to  establish  that  a  right 
'ne  is  the  shortest  between  two  points.  But 
ince  I  have  been  led  to  allude  to  such  branches 
t  calculation  as  those  just  mentioned,  you  will 
•ermit  me  to  remark,  in  passing,  that  I  have 
Jund  them  all  to  admit  of  being  usefully  com- 
med  with  the  method  of  quaternions;  in  which, 
ccordragly,  I  am  compelled  to  admit  difler- 
'ices  and  differentials,  variations  and  integrals, 
"Ugh  modified  by  the  peculiar  conditions  of 
jy  >e  subject,  or  by  the  laws  of  the  symbols  i  j  k. 
■  nueed,  m  passing  from  one  form  to  another,  of 
I 
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the  general  equation  in  quaternions  for  surfaces 
of  revolution,  and  in  a  few  other  applications  of 
that  sort,  something  lilce  a  new  calculus  of  partial 
differential  equations,  and  of  the  integral  equa- 
tions corresponding,  has  forced  itself  upon  my 
notice  ;  some  hints  of  which  you  may  see,  if  you 
think  it  worth  whUe,  in  my  printed  Volume  of 
Lectures.    As  one  of  the  things  which  you  will 
not  see  there,  because  it  has  too  recently  occurred 
to  me,  I  may  mention  that  at  the  request  of  my 
fiiend,  John  T.  Graves,  Esq.,  of  Cheltenham 
(but  formerly  of  Dublm),  to  whom  my  first  re- 
sults respecting  quaternions  were  communicated 
in  1843, 1  lately  solved  the  problem  of  determin- 
ing the  greatest  common  measure  of  any  two 
integer  quaternions,  such  as 

1  +  2j  +  Zj  +  and5  +  Qi  +  lj  +  8k,  (69) 
which  happened  to  be  the  two  that  he  selected. 
I  found  this  greatest  common  measure  to  be,  in 
this  example,  i  —  k;  multiplied,  it  is  to  be 
understood,  by  z±z  1,  or  by  ^  i,  or  by  ^  j, 
or  by  ■:±^  k.  But  as  regards  the  laws  of  such 
multiplications,  of  the  symbols  ij  7c,  it  is  neces- 
sary to  say  a  few  words. 

XXVII.  Conceive,  then,  that  o  a,  o  b,  o  c,  or 
a,  /3,  y,  are  any  three  rectangular  unit  lines,  and 
that  the  quadrantal  rotation  round  y,  from  a  to 
ft  \s  positive.  To  fix  our  thoughts,  we  may  sup- 
pose that  such  j3ositive  rotation  is  right-handed, 
like  the  motion  of  the  hands  of  a  watch ;  and  may 
conceive  that  a.  and  /3  are  two  horizontal  foot- 
bnes,  directed  respectively  to  the  south  and  west, 
whUe  7  is  a  vertical  foot-line,  directed  upward] 
so  that  if  we  make 

a'=  —  a.  /S'=  —p,,  y'=  —  (70) 
the  three  new  Imes  0,  y',  (which  are  thus 
opposite  to  a,  /3,  y,)  shall  be  respectively,  a  north- 
ward, an  eastward,  and  a  dmonward  foot.  We 
may  then  suppose,  in  consistency  with  the  con- 
ditions (67),  (68),  that  the  three  right  quotients 
ij  k  admit  of  being  expressed  as  follows : 
i=y:/3=/5:  y  =y' :  p!       :  y.\ 

j=it:y.=  y:(i'  =  a.':y'=y':a;}-  (71) 
/<;=/3:«  =  «:/3'=;3':«'  =  a':/3;) 

and  thus  shall  have,  by  the  formula  of  multi- 
plicarion  (18),  or  (35),  the  nine  foUowng  values 
for  the  squares  and  binary  products  of  these  three 
symbols  i,  j,  k : 


i^=(y:0).(fi:y')- 


y)  .  (y:  a): 
«).(«:/3'): 


V  =     :  y')  •  (y  :  «)  =  /3  :  a  =  /5; ;-] 

=  (y  :«')•(«' :i3)  = - 
Ai  =  («:/3').(/3':,.)  = 


-r:y'=-iq 

=  a  :a  =  — 1;^ 
=  ^:/3'=-l;) 

)  =  li:a  =  k;-) 
)  =  y:li=i;l 


(72) 


(73) 


.(y:^)  =  a:/3= 

/=  —  i:> 


'  a- 


(74) 


ji  =  (a:  y).  _ 
kj=((i:  a).(a:y)  =  li: 
ik=(y:  li).(p:  ec)  =  y: 

together  with  the  six  followmg  ternary  products, 
1  3  A 
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And  they  may  all  be  briefly  expressed  by  this 

ONE  FUNDAMENTAL  FORMULA, 

i-=j'=k^=ijk=—l;  (a) 
which  would  in  rigour  be  a  sufficient  lase  for  the 
erection  of  the  calculus  of  quaternions,  at  least 
when  combined  with  the  associative  and  commu- 
tative properties  of  addition,  and  with  the  asso- 
ciative and  distributive  properties  of  multiplication. 
In  fact,  we  can  recover  all  the  six  values  (73) 
and  (74),  for  the  binary  products  of  ij  k,  from 
this  one  formula  (a)  ;  for  it  gives,  immediately, 
ij=  k,  j k  =  i,  as  in  (73)  ;  then  J  i  =  —  k, 
kj  =  —  {,  i  k  =  — J,  as  in  (74) ;  and,  finally, 
ki=j,  as  in  the  remaining  expression  (73), 
And  it  admits  of  being  proved  that  every  geome- 
trical quaternion  (of  the  kind  considered  in  these 
Letters)  \s  reducible  to  the  quadrinobiial  form: 
q  =  w-\-ix-\-jy-\-kz;  (b) 
where  w  denotes  the  scalar  part,  and  ix-\-jy 
-\-kz  denotes  the  vector  part,  of  the  quaternion, 
q.  (compare  par.  XXIV).  So  that  we  may  write, 
(jenerally, 

sq  =  w,Yq=ix-\rjy  ^rkz;  (c) 
where  the  four  letters  wxy  zare.  supposed  to  sig- 
nify some  fom positive ornerjative  numbers,  which 
may  be  called  the  four  constituents  (or  co-ordi- 
nates} of  the  quaternion  q,  and  are  subject  as 
s'uch  to  all  the  rules  of  common  algebra :  while 
the  three  symbols  ijk  are  subject  to  peculiar 
rules,  contained  in  the  formula  (a). 

XXVIII.  Among  these  pecidiar  rules,  it  is 
natural  to  be  struck  first  hy  the  occurrence  of  ^Aree 
distinct  square  roots  of  negative  unity,  namely,  the 
three  sj'mbols  ij  k,  whose  negatives  also  possess 
the  same  general  property,  since  we  have 

(.-ir-=C--J)^  =  i-J^^=-l.  (76) 

The  symbol  J  —  1  occurs  very  often  in  alge- 
braical calculutions,  but  always  as  denoting  what 
is  called  an  impossible,  or  an  imaginary  quantity : 
for  example,  in  the  solution  of  an  ordinary  qua- 
dratic equation,  which  has  no  real  roots.  And, 
hence,  when  I  first  asked  leave,  in  1843,  to  read 
a  paper  on  the  present  subject  to  the  Royal  Irish 
Academy,  I  described  it  as  "  a  paper  on  a  new 
xpecies  of  imaginary  quantities,  connected  with  a 
theory  of  quaternions."  But  when  I  came  to  see 
that  these  new  imaginaries,  as  they  were  hy  ana- 
logy called  at  first,  admitted  of  a  perfectly  clear 
.■md  simple  interpretation  in  geometry,  the  name 
appeai-ed  to  me  to  become  inappropi-iale :  and  I 
Hoon  came  to  call  the  trinomial  ix-\-jy-\-kz, 
into  which  those  peculiar  symbols  entered,  the 
vector  part  of  the  quaternion.  Indeed,  it  had 
been  distinctly  pointed  out  by  the  Abbe  Buce,  in 
a  remarkable  paper  already  alluded  to,  which 
appeared  in  the  Philosophical  Ti-avsactions^f 
London  for  the  year  1806,  that  the  symbol  V  —  1 
might  bo  interpreted  in  geometry  as  a  sign  of 
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perpendicularity ;  and  it  appears  that  Argand,  in 
his  pamphlet  of  the  same  year,  published  in 
Paris,  arrived  independently  at  the  same  result, 
in  connection  with  his  theory  of  coplanar  pro- 
portion (compare  par.  IV).  At  a  later  date,  in 
1828,  Mr.  Warren  of  Cambridge  pubhshed  a 
work  "  On  the  Geometrical  Interpretation  of  the 
Square  Roots  of  Negative  Quantities,"  in  which 
nearly  the  same  view  was  taken ;  although  ap- 
parently as  a  result  of  his  own  independent  specu- 
lations. This  work  of  Warren  had  been  read  by 
me,  before  I  first  came  to  think  of  the  quaternions, 
and  before  I  happened  to  know  anj'thing  of  the 
earlier  investigations  of  Buee  and  Argand ;  or  of 
any  of  those  other  and  analogous  researches, 
which  are  briefly  mentioned  in  the  preface  to  my 
Lectures.  Consequently  the  mere  notion  of  using 
the  sign  J —  1  in  geometry  is  nothing  in  any  way 
peculiar  to  myself.  But  the  thought  of  using  a 
system  of  signs,  whereof  each  should  be  thus  a 
square  root  of  negative  unity,  had  not  (so  far  as 
I  yet  know)  been  anticipated.  Indeed,  with  me 
there  are  not  merely  six  values,  such  as 

±  h  ±J,  ±  k,  (77) 
but  even  infinitely  many  values  of  the  symbol 
fj  —  1  in  geometry ;  for  if  you  square  the 
trinomial  which  represents  the  vector  part  of  a 
quaternion  q,  attending  to  the  rules  included  in 
the  fundamental  formula  (a),  you  will  find  that 
this  square  reduces  itself  to  the  expression, 

(ix  +  jy  +  k  zf  =  _  (ar  +      +  2^  ....(d) 

which  has  very  extensive  applications ;  and  which 
shows  that  it  is  siafiicient  to  mak^xyz  the  rectan- 
gular co-ordinates  of  any  point  on  the  unit-sphere 
described  about  the  origin  as  centre,  so  as  to  have 
the  equation 

x"-  +  «/2  +  2=      1 ;  (78) 

and  that  then  the  s3Tnbol  i  !>s-\-  j  y  k  z  ynH 
denote  some  one  of  the  square  roofs  of —  1 ;  so 
that  we  shall  have  concisely  the  equation 

f-  =-1,  (70) 

if,  under  the  condition  (78),  we  make 

Q  =  ix+jy+kz.  (30 

In  fact,  it  is  easy  to  see  that  on  our  prin- 
ciples, the  square  of  every  right  quotient  is  eqi 
to  some  negative  number ;  and  this  for  the  v( 
simple  reason,  that  two  successive  quadranUi 
rotations,  in  any  plane,  reverse  the  direction  oftk 
turning  line.  But  it  may  be  observed  in  passin 
to  what  a  simple  (though  neic)  form  (79 
the  equation  of  the  unit-sphere  (78)  com" 
in  my  system,  to  reduce  itself.  Accordingly) 
have  found  this  /br/n  (79)  to  lend  itself  withe 
to  a  great  number  of  useful  calculations,  th 
results  of  wliich  admit  of  interpretations,  an 
furnish  theorems  in  spherical  geometry,  wlu 
again  can  in  general  be  varied,  by  the  mod 
methods  of  transformafhn  of  figurvsyso  as  tq 
assist  in  solving  problems  respecting  surfaces  oj 
the  second  order.  ' 
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XXIX.  The  other  principal  peculiarity  of  the 
rules  of  the  symbols  i  j  k  consists  in  their  non- 
commutative  character,  as  factors,  m  any  multi- 
jMcation  into  which  they  enter.  And  such 
accordingly  was  the  chief  seeming  difficulty, 
or  paradox,  which,  at  the  end  of  the  last,  and 
at  the  beginnujg  of  the  present  letter,  I  expressed 
a  wish  to  explain  before  this  correspondence 
should  conclude.  You  see,  in  fact,  on  comparing 
the  expressions  (73),  (74),,  that  while  ij  =  k, 
we  have  at  the  same  time  J  i  =.  —  k:  and  con- 
sequently, 

(E) 
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a  result  which  must  seem  much  more  strange, 

■  at  first,  than  anything  about  mere  roots  of 
.  negative  unity.  But  if  we  attend  to  the  geo- 
.  metrical  signification  of  this  equation  (e),  you 

ynl]  see  that  it  expresses  simply  what  is  cer- 
1  tainly  <rue  i«  geometry,  that  ^^if'any  two  quad- 

■  rantal  rotations,  in  two  rectangular  planes,  he 
i  compounded  loith  each  other,  first  in  one  order  of 
>  succession,  and  afterwards  in  the  opposite  order ; 
;  then,  although  the  two  resultant  rotations  will  each 
•be  quadrantal,  and  each  performed  in  the  plane 
.  perpendicular  to  the  planes  of  the  tivo  components, 
:,yet  either  of  these  two  resultants  will  have,  in  that 
c common  plane,  a  direction  opposite  to  the  other." 
.■And  It  is  useful  to  have,  for  this  theorem, 
aalthough  the  proof  of  it  involves  no  difficulty, 
-so  simple  an  expression,  as  the  lately  derived 
1  formula  (e). 

XXX.  Some  additional  light  may  be  thrown 
on  th^  geometrical  result,  if,  as  suggested  in  par. 
NAAiV.,  we  replace  the  two  given  right  quotients, 

■  or  right-angled  versors,  i  and  j,  by  the  two  vector- 

■  axes  corresponding.  For  in  this  view  we  need 
only  consider  the  two  rotations,  of  these  two  axes 
'about  one  another:  and  then,  whatever  pamcfoa; 
•  ■tbere  may  at  first  seem  to  be,  in  the  equationy  i 
^'  1'  receives  an  easy  explanation.  Let 

■  tliere  be  two  horizontal  Imes,  from  one  origin 
lirected  respectively  towards  the  south  and  west' 

and  lettered  i  and/;  while  a  third  line,  drawn 
.  erticaUy  upwards  from  the  same  origm,  shall  be 
mailed  kx  so  that  these  lines  ij  k  are  novi  the  « /3  y 
■>}  par.  XXVil.    Then  if,  treating  the  southward 

■  ine  I  as  an  axis  of  rotation,  we  cause  (or  conceive) 
■ne  ime^  to  revolve  round  it  through  a  riffht 
"igle,  and  towards  the  right  hand,  this  revolvinff 
;'ne  will  be  brought  into  the  position /c,  beint 
^J^jlMl  from  a  westward  into  an  upward 

■  "-ection.  _  But  if,  on  the  contrary,  we  take  the 
;ne  J,  m  its  origmal  or  westward  position,  as 

"^^'^^  '  '0  ^«^-"lve  round 

i  /t  "ght  a"gIo,  and  still  to- 

aras  the  right  hand  as  before,  this  new  revolv- 
.g  hne  ^will  be  depressed  from  the  southward 
the  downward  direction,  or  will  be  brought 
to  the  position  denoted  by  _  The  fumla- 
f  <d  contrast  in  the  quaternion  calculus,  be- 
■een  the  values  of  ijandji,  reproduces  itself 
ueioie  in  geometrical  constructions,  through 


the  conception  of  these  two  right  handed  and 
right  angled  rotations,  one  of  /  round  i,  and  the 
other  of  i  round  j,  where  i  and  j  are  two  right 
Imes  perpendicular  to  each  other.    We  see,  how- 
ever, by  this  process  as  well  as  by  the  former, 
that  the  commutative  equation  of 'multiplication 
(qr  =  r  q)  is  not  generally  true  in  quaternions;  a 
result  which  may  be  illustrated  in  other  ways,  and 
which  may  be  regarded  as  constitutmg  the  chief 
distinction  m  calculation  between  my  method  and 
those  previously  employed,  though  it  is  only  just 
to  mention  that  a  species  of  non-commutative 
multiplication  has  been  used  by  Grassmann  in 
his  very  profound  work,  the  Ausdehnungs-lehre 
which  appeared  at  Leipzig  in  1844.  ' 

XXXI.  Of  such  applications  as  those  alluded 
to  at  the  end  of  pai-.  XXV.,  I  have  already  pub- 
lished some  specimens,  while  many  others  remain 
unpublished.  For  instance,  in  pure  mathematics, 
several  theorems  have  been  deduced  respectintr 
cones  and  other  surfaces  of  the  second  order,  in- 
cludmg  two  new  constructions  for  an  osculating 
cone  oj  revolution,  to  any  cone  with  circular  base 
along  any  side  thereof;  and  several  new  qene- 
rations  of  the  ellipsoid,  derived  from  the  quaternion 
equation  of  that  important  solid,  or  of  its  surface 
namely,  the  equation  ' 

TOf  +  J«)  ,gj^ 

where  /  and  x  are  two  constant  vectors  (perpen- 
dicular to  the  two  cyclic  planes),  while  ^  is  a 
variable  vector,  drawn  from  the  centre  of  the  ellip- 
soid to  an  arbitrary  point  of  the  surface :  and 
the  products  /  ^,  j  x,  are  interpreted  as  two  qua- 
ternions, formed  by  treating,  ui  each,  the  two 
vector-factors  as  being  the  vector-axes  of  two 
J  actor-quaternions,  in  a  way  which  was  lately  ex- 
plained; the  squares,  r,  x^  being  also  interpreted 
in  an  analogous  way.    It  seems  to  have  been 
reserved  for  this  new  method  of  geometrical  in- 
vestigation, to  assign  the  complete  solution  of 
the  problem  "  to  inscribe,  in  a  given  surface  of  the 
second  order,  a  rectilinear  (but  generally  gakche) 
polygon,  whose  n  sides  shall  pass  in  succession 
through  n  given  points;"  the  corresponding  pro- 
blem for  the  plane  having  been  very  elegantly 
resolved  by  Poncelet.    But,  whereas  for  the  in- 
scription of  such  a  polygon  in  a.  plane  conic,  the 
method  of  Poncelet  (Traile  des  PropriHtds  Pro- 
jectives)  gives  only  two  solutions  (real  or  imagi- 
nary), whether  the  number    Ade%  of  the  polj'gon 
be  odd  or  even,  the  method  of  quaternions,  when 
applied  to  the  ellipsoid,  gives  always  four  solu- 
tions, two  real  and  two  imaginary,  if  the  required 
polygon  be  even-sided;  the  ttoo  chords  of  solu- 
tion, which  the  method  employed  by  me  fur- 
nishes, being  always  reciproctd  polars  of  each 
other.    For  tlic  problcni  of  inscribing  an  odd- 
sided  polygon,  in  any  surface  of  the  second  order 
I  find,  as  in  the  plane,  only  one  chord  of  solu- 
tion: and  for  inscription  of  an  evera-sided  polv 
gon,  in  a  single-sheeted  hyperboluid,  the  four 
solutions  become  ei  ther  all  real  or  e\ae.  all  imamnar,, 
Jlicse  are  merely  specimens  of  the  resulis  that 
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have  already  followed,  from  the  application  of 
(|uaternion3  to  geometry.  I  might  have  men- 
tioned also  some  extensions  of  the  theory  of  in- 
volution, irom  the  plane  to  space ;  and  a  concep- 
tion of  geometrical  syngraphy,  which  is  not  iden- 
tical with  Chasles'  theory  of  homography,  al- 
though 1  gladly  admit  that  it  was  suggested 
thereby.  The  conceptions  of  what  I  call  the 
An  HARMONIC  Quaternion  of four  points, 

(a  B  :  B  c)  .  (c  D  :  D  a),  (82) 
and  of  the  Evolutionary  Quaternion  of  six 
jioints, 

(a  B  :  B  c)  .  (c  D  :  D  e)  .  (e  F  :  F  a),  (83) 

where  the  points  a  b  c  d  e  f  may  be  situated 
anywliere  in  space,  have  also  led  me  into  some 
interesting,  but  as  yet  unpublished  investigations; 
in  sortie  of  the  results  of  which  (though  not  in 
the  conceptions  themselves^,  I  have  had  the  satis- 
faction (for  such  it  really  has  been  to  me)  of  find- 
ing that  I  have  been  lately  anticipated  by  one 
whom  I  so  much  admire  as  I  do  Moebius  (the 
author  of  the  Barycentric  Calculus). 

XXXII.  In  physics,  I  may  just  mention  that 
my  method  lends  itself  with  surprising  facility, 
to  all  the  fundamental  problems  of  mechanics, 
including  those  which  belong  to  Poinsot's  justly 
celebrated  theory  of  couples ;  the  axis  of  any  such 
statical  or  dynamical  couple  being  precisely  the 
vector-part  of  a  certain  quaternion-product  of  two 
vectors,  interpreted  as  axes  of  right  quotients,  on 
the  plan  already  explained.  That  some  new 
theorems  respecting  rotations  of  bodies  should 
offer  themselves,  can  appear  to  you  in  no  degree 
surprising,  from  the  important  part  which  the 
geometrical  conception  of  rotation  plays,  in  this 
whole  system.  If  I  had  known  the  present  ma- 
thematical method,  in  1832,  the  theoretical  de- 
duction of  those  two  laws  of  light,  which  have 
been  named  external  and  internal  conical  refrac- 
tion, and  which  have  been  experimentally  verified 
by  my  friend,  the  Rev.  Humphrey  Lloyd,  would 
have  cost  me  less  trouble  than  they  did.  The 
quaternions  have  been  found  to  furnish  also  easy 
proofs  of  some  of  the  optical  results  of  the  justly 
admired  and  regretted  MacCullagh ;  for  instance, 
those  which  relate  to  what  he  called  the  polar 
plane,  in  connection  with  crystalline  reflection 
and  refraction.  A  transformation,  and  in  some 
sense  a  solution,  of  Laplace's  well  known  and 
widely  applicable  Equation,  in  partial  differential 
co-efticients, 

(d*,  +  d'^j,  +  d\)«  =  o,  (84) 
which  bears  on  heat,  and  electricity,  as  well  as 
on  the  attraction  of  spheroids,  have  arisen  out 
of  the  same  general  method;  especially  when 
handled  by  mv  friends  of  the  Dublin  University, 
Carmichael,  and  Graves.  In  fact,  the  formula 
(d),  of  the  present  Letter,  will  easily  enable  any 
one  who  looks  at  it  to  see,  wliat  I  communicated 
to  the  lioyal  Irish  Academy  in  1846,  that  if  we 
introduce,  as  I  then  did,  the  new  symbol  of  oper- 
ation, 
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<|  =iD„+iDy-f-iD,  (f) 

we  shall  have,  generally, 

d\+d-,  +  d^  =  -<1^  (g) 
so  that  Laplace's  Equation  takes  (as  I  showed) 
this  very  simple  form, 

<]  V  =  0.  00 
Mr.  Carmichael,  (F.T.C.D.),  at  a  later  date,  per- 
ceived this  other  transformation,  depending  on 
my  non-commutative  law,  above  marked  (e),  but 
which  had  escaped  myself, 

D';r  +  D^y  +  d'.  =  (D;»  +  i       +y      )  • 

•  (d,— iDy— Jd^;  (i) 

and  Professor  Charles  Graves  has  still  more 
lately  pointed  out  a  method  of  estimating  what 
he  proposes  to  call  the  Mean  Values  oi  Functions 
of  Quaternions,  which  method  seems  likely  to 
assist  much  in  rendeiing  useful  such  symbolical 
transformations  as  these.  It  was  through  the 
quaternions,  applied  to  the  theory  of  elliptic  or 
other  undisturbed  motion  of  a  planet,  that  I  was 
led,  in  1846,  to  that  conception  of  the  Circular 
Eodograph,  on  which  1  have  been  informed  that 
the  already  cited  and  eminent  Moebius  has  done 
me  the  honour  to  lecture ;  and  to  the  theorem  of 
Hodographic  Isochronism,  (designed  to  replace 
Lambert's  theorem),  my  unpublished  demonstra- 
tion of  which  has  lately  been  thought  worthy  of 
bemg  supplied  (though  by  a  diflerent  process)  in 
England.  Applying  the  same  general  method  of 
quaternions,  to  the  investigation  of  the  disturbing 
effect  of  the  sun  upon  the  moon,  or  to  that  of 
Neptune  upon  Uranus,  I  showed,  in  1847,  at  the 
second  meeting  of  the  British  Association  in  Ox- 
ford, that  the  expression  of  this  eflfect  might  be  de- 
veloped in  a  new  way,  as  follows.    The  function 


=  a.        T  a. 


being  called  the  tractor  of  a,  because  it  repre- 
sents, in  this  calculus,  at  once  the  du-ection  and 
the  quantity,  when  estimated  according  to  New- 
ton's law,  of  the  accelerating  force  of  attraction. 
"  which  an  unit  of  mass,  placed  at  the  origin  (or 
beginning)  of  the  vector  a,  exerts  on  a  point  or 
body  placed  at  the  end  of  the  same  vector;  the 
difference  of  two  such  co-initial  tractors,  namely, 
the  new  function, — 

A  (p  a  =  (P  (a  +  ^  a)  —  «'  ('"^ 
mav  be  said  to  be  a  tubbatok  in  this  thcor}- : 
because  it  expresses,  in  amount  and  ui  direcUon. 
the  force  which  an  unit-mass,  supposed  to  be 
situated  at  the  common  origin  b,  of  the  two 
vectors,  «  and  «  A  «,  or  «  and  »  4-/3,  exerts 
on  a  point  or  body  a,  situated  at  the  end  of  the 
latter  variable  vector  («  +  /3),  to  disturb  its  rehtm- 
motimi  about  a  body  c,  situated  at  the  end  of  tlio 
foi-mer  vector  (namely  «);  the  letters  a  and  /' 
denoting  here  the  lines  B  c  and  c  A.  !or  in- 
stance, in  the  hinar  theory,  the  letters  a,  b,  c, 
may  denote  respectively  the  Moon,  the  Sun,  ana 
the  Earth:  or  in  that  part  of  the  phmdury 
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theory,  to  which  allusion  has  been  made,  the 
same  letters  may  be  used  as  symbols  for  Uranus, 
Neptune,  and  the  Sun  ;  it  being  understood  that, 
ia  every  such  application,  the  turbatoi'  function, 
-i  ^  a,  is  to  be  multiplied  by  the  disturbing  mass 
ur  by  the  number  which  represents  it.    So  far, 
the  method  is,  at  least  in  its  conception,  quite 
■eneral,  and  extends  to  all  perturbations  of  the 
liar  system  ;  but  a  peculiar  method  of  develop- 
lent,  for  the  case  when  the  vector  A  a  or  /2,  is  a 
<horter  line  than  a,  or  has  (in  the  language  of 
this  calculus)  a  lesser  tensor,  so  that 

T/3<Ta,  (m) 
as  in  the  two  astronomical  instances  lately  men- 
.itioned,  was  found  to  admit  of  being  presented 
nwith  great  simplicity  of  process,  and  with  (what 
tappeared  to  be)  interesting  interpretations;  for 
which,  however,  I  must  refer  you  to  prmted 
ppages  of  mine,  in  the  Proceedings  of  the  Royal 
Mrish  Academy  for  1847,  or  in  my  separate 
Tivolume  o{  Lectures  on  Quaternions,  already  often 
eiated.  The  contrary  case,  of  the  perturbation  of 
13  superior  planet  by  an  inferior,  or  of  a  planet  by 
ilils  satelUle,  namely,  the  case  where 

T  A  as  =  T  jS  >  T  a,  (yt) 

ffequires  a  different  development  of  the  turbator, 
A  ^  a,  namely,  one  which  proceeds  according  to 
kkscending  instead  of  ascending  powers  of  the 
quotient  t  /S  :  t  a ;  but  which  can  be  eflected 
according  to  exactly  the  same  rules  of  calculation, 
Ulthough  it  conducts  to  a  different  series  or  system 
(^f  component  forces,  but  still  arranged  in  groups 
'  lecreasing  in  intensity ;  so  that  the  physical  in- 
terpretations are  not  now  the  same  as  before. 

XXXIII.  I  have  tried,  with  what  seemed  to 
«je  as  much  success  as  in  the  present  state  of  the 
calculus  could  fairly  be  expected,  some  other  ap- 
blications  of  quaternions  to  physical  astronomy, 
KT  example,  in  some  investigations  respecting 
Uie  invariable  plane  of  a.  system  of  bodies,  attract- 
ipg  each  other  according  to  Newton's  law  ;  but 
am  not  anxious  to  multiply  such  applications, 
ninta  the  calculus  itself  shall  be  more  mature, 
o-nd  its  principles  more  generally  understood.  I 
nay,  however,  mention  here,  that  the  method  has 
_  labled  me  to  express  in  a  new  way,  some  of  the 
■mdamental  properties  of  what  I  called  in  1834 
1835,  the  characteristic,  and  the  principal 
mctions  of  such  an  attracting  system  of  bodies. 
Vhose  properties  had  the  good  fortune  to  receive 
Ae  favourable  notice  of  the  Imperial  Academy  of 
lit  Petersburg,  as  marked  by  a  diploma  awarded 
~vy  thatAcade.-ny,  in  1837,  and  by  the  transmis- 
"lon  to  me  of  bulletins,  which  was  continued 
■raring  the  late  Russian  war.  They  also  engaged 
he  attention  of  the  great  German  mathematician, 
lacobi,  and  were  by  him  so  much  developed  and 
Uxtended,  as  to  acquire,  in  his  hands,  an  entirely 
-w  importance.  Accordingly,  in  a  lithograph, 
ited  Caen,  8th  November,  185G,  which  has 
•eached  me  since  this  Letter  was  begun,  the 
•tuthor.  Dr.  Houel  (who  had  also  published  in 
uans,  about  a  year  before,  two  very  elaborate 
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and  important  theses,  of  mechanics  and  of  astro- 
nomy', relating  mainly  to  the  same  subject),  has 
been  pleased  to  entitle  his  last  paper  as  follows : 
— "  Note  sur  le  theoreme  d'  Hamilton  et  de 
Jacobi,  et  sur  son  application  a  la  theorie  des 
perturbations  planetaires."  And  after  a  sentence 
or  two,  M.  Houel  adds :  "  Mon  but  en  redigeant 
cette  Note,  a  ete  de  fair  vou-,  combien,  de  toutes 
les  methodes  qui  ont  ete  proposees  pour  arriver 
aux  equations  de  la  variation  des  constantes  ar- 
bitraires,  celle  que  Jacobi  a  de'duite  des  decou- 
vertes  d'  Hamilton  est  la  plus  directe,  et  la  plus 
simple."    In  mentioning  such  compliments  as 
these,  I  trust  that  I  have  not  been  influenced 
solely  by  that  egotism  to  which  it  may  be  hoped 
that  you  will  be  indulgent,  because  it  is  perhaps 
inseparable  from  the  very  act  of  writing  at  any 
length,  although  in  compliance  with  your  own 
repeated  request,  on  a  subject  which,  like  the 
subject  of  these  Letters,  has  hitherto  been  left 
chiefly  in  my  hands,  notwithstanding  the  im- 
portant contributions  to  it,  that  have  been  inci- 
dentally made  by  several  other  persons,  since  my 
first  papers  on  quaternions  appeared,  which  con- 
tributions I  wish  that  time  and  room  made  it 
possible  for  me  here  to  specify.    Mv  wish  has 
been  to  express,  at  least  in  part,  how  much  I  feel 
the  encouraging  kindness  which  has  been  uni- 
formly evinced  to  me,  by  my  scientific  contem- 
poraries in  foreign  countiies,  as  well  as  in  our 
own ;  and  also  to  suggest  how  well  aware  I  am, 
that  the  capabilities  of  that  new  calculus,  to 
which  the  present  Letters  have  had  reference,  will 
never  be  done  justice  to,  until  it  shall  be  taken 
up  in  earnest  by  persons  at  home  and  abroad, 
and  many  such  there  are,  better  fitted  thari 
myself  for  the  task.    Indeed,  the  quaternions 
seem  to  me  to  admit  of  entering  into  an  alliance 
so  close,  3'et  new,  with  every  part  of  pure  and 
applied  geometry,  and  at  the  same  time  to  require 
such  large  additional  developments,  before  their 
relations  of  analogy  and  contrast  to  existing 
methods  of  calculation  shall  be  fully  Icnown,  that 
I  count  mj'self  merely  to  have  begun  them.  '  The 
field  is  far  too  wide  to  be  tilled  by  a  solitary 
labourer,  even  with  occasional  assistance  from  a 
few  friends,  who  feel  some  interest  in  his  exer- 
tions.   The  time  may  come,  though  if  so,  it  will 
be  due  to  other  explorers  rather  than  to  me,  when 
the  mathematics  of  this  calculus  having  become 
comparatively  mature,  it  shall  admit  of  being 
extensively  and  usefully  applied  to  physics,  as  a 
new  instrument  in  the  study  of  Nature.  In 
the  prospect  of  such  a  time,  I  feel  with  no  jealous 
pain,  that  although  it  may  have  been  permitted 
to  me  to  accomplish  something  in  this  enterprise 
as  an  honourable  Suitor  of  Science,  j-et  the  Bow 
awaits  its  Ulysses.— 1  am,  my  dear  Sir,  in  con- 
clusion, 

Very  truly  yours, 
William  Kowan  Hamilton. 
OnsEiivATonT  ok  Tiiinity  Collegk 
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[Since  the  date  of  the  foregoing  Letters  (which 
the  Editors  have  thought  it  convenient  to  reprint 
as  they  were  written,  some  few  sentences  only  be- 
ing omitted,  and  accents  or  indices  corrected),  the 
new  branch  of  mathematics  to  whicli  they  relate 
appears  to  have  attracted  an  increasing  degree 
of  attention,  in  our  own  and  in  foreign  countries. 
The  Lectures  (Dublin,  1853)  have,  for  example, 
formed  the  subject  of  a  favourable  article  in  the 
North  American  Review  for  July,  1857:  and, 
indeed,  the  Quaternions  had  been  mentioned  as 
among  the  sources  of  hope  for  the  future  pi'o- 
gress  of  analytical  mechanics,  in  the  conclusion 
to  a  very  beautiful  volume  (4  System  of  Analy- 
tic Mechanics,  &c.,  page  476.  Boston,  1855) 
on  that  science ;  by  Professor  Benjamin  Pierce 
of  Harvard  University,  U.  S.,  as  follows: — 
"  ....  and  much  must  soon  become 
antiquated  and  obsolete  as  the  science  advances, 
and  especially  when  we  shall  have  received  the 
full  benefit  of  the  remarkable  machinery  of 
Hamilton's  Quaternions."  More  recently,  in  a 
paper  read  at  Leipzig,  in  April,  1859,  and  en- 
titled, "A.  F.  MoBiDS,  neuer  Beweis  des  in 
Hamilton's  Lectures  on  Quaternions  aufgestellten 
associativen  Princips  bei  der  Zusammensetzung 
von  Bogen  gi-osster  Kreise  einer  Kugelflache," 
the  eminent  inventor  of  the  Barycentric  Calculus 
has  communicated  some  valuable  and  interesting 
elucidations  of  that  Associative  Principle  which 
has  occupied  so  large  a  space  in  the  foregoing 
Letter  IH. ;  and  indeed  has  thought  it  worth 
while  to  reproduce  the  diagram  which,  in  art. 
XVII.  of  that  Letter,  has  been  given  as  Fig.  4, 
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omitting,  however,  the  dotted  ellipse  of  that  figure, 
because  Professor  Mobius  proposes  to  prove  the 
theorem  of  association  by  certain  considerations 
of  rotation  (avowedly  in  part  suggested  by 
the  Lectures'*),  and  not  by  any  properties  of 
spherical  conies,  which,  indeed,  had  been  chiefly 
used  by  Sir  William  Hamilton  as  illustrations. 
In  the  same  j'ear  (1859),  Professor  P.  A.  Tair, 
of  Queen's  College,  Belfast,  has  published,  in  the 
May  No.  of  the  Quarterly  Journal  of  Pure  and 
Applied  Mathematics,  a  paper  on  the  application 
of  quaternions  to  Fresnel's  Wave  Surface;  whicli 
paper,  although  based,  of  course,  on  the  pirinciples 
of  the  Lectures,  exhibits  considerable  power  and 
originality  in  the  handling  of  the  calculus.  To 
that  important  surface,  it  appears  that  Sir  "W. 
R.  H.  had  long  since  (as  was  natural)  applied, 
to  some  extent,  his  own  mathematical  instru- 
ment ;  and  recently,  besides  a  paper  read  to  the 
Royal  Irish  Academy,  he  circulated,  in  section 
A.  of  the  British  Association  at  Aberdeen,  a 
lithographed  account  of  a  singularly  short  pro- 
cess of  analysis,  whereby  he  arrived  almost  men- 
tally at  that  celebrated  construction  for  the 
wave  which  had  been  assigned  by  Fresnel  as 
the  result  of  extremely  complex  calculations. 
We  understand  that  Sir  W.  Hamilton  has  been 
for  some  time  past  engaged  in  drawing  up  a  new- 
work,  to  be  entitled  Elem-ents  of  Quaternions,  in 
which  he  hopes  to  present  the  principles  and 
some  of  the  applications  of  his  calculus,  in  a 
form  more  easily  accessible  to  mathematical 
students  than  that  adopted  in  the  Lectures. 
January,  18G0]. 


Ksxliant  Meat.  Heat  travels  byone  or  other 
of  three  different  methods  : — 1st,  By  conduction 
slowly  from  particle  to  particle ;  2d,  By  convection, 
in  which  the  particles  of  liquids  or  gases  become 
heated,  and  by  alteration  of  density  consequent 
thereon,  move  their  position,  and  thus  carry  the 
heat  along  with  them ;  3d,  By  radiation  or  instan- 
taneous passage  by  wave  motion  from  one  point 
to  another,  in  the  same  manner,  and  following  the 
same  laws  of  propagation  as  light.  By  radiation 
Heat  is  dififused  from  world  to  worid  in  space, 
passing  from  the  sun  to  the  earth  in  about  eight 
minutes,  a  portion  of  it  returning  to  the  sun  again 
in  an  equally  short  interval  of  time.  Thus,  from 
body  to  bodV  on  the  earth,  and  from  one  point  of 
space  to  another,  is  heat  continually  moving. 
Like  all  forces  or  motions  emanating  froni  a 
centre,  and  spreading  as  it  recedes,  it  becomes 
enfeebled  according  to  the  square  of  the  distance 
wliich  it  traverses.  Thus,  at  twice  the  distance 
it  is  only  one-fourth  the  intensity,  and  so  on,  by 
which  law  we  are  enabled  to  compute  its  effects  in 
a  multitude  of  cases,  not  only  in  its  passage  from 
one  body  to  another  in  our  experiments,  but  also 
in  its  progress  througii  theheavens.  Likelight,  it 
is  reflected  and  refracted,  and  according  to  similar 
laws,  not  only  when  it  is  accompanied  by  light, 


as  in  the  sunbeam,  but  also  when  it  ex'ists  as 
invisible  radiation  only  perceptible  by  the  ther- 
moscope.  Sir  John  Leslie,  by  exposing  a  hollow 
cube  of  tinned  iron,  containing  heated  water,  near 
a  delicate  au- thermometer,  proved  that  the  quan- 
tity of  heat  emitted  or  radiated  from  a  body  de- 
pends not  only  on  its  temperature,  to  which  it  is 
proportional,  but  also  on  the  nature  of  the  surface. 
Thus  one  side  of  the  cube  being  polished  tin,  the 
next  roughened  tin,  the  thu-d  covered  by  writing 
paper,  and  the  fourth  smoked  over  by  lamp  black, 
these  sides  gave  out  respectively  quantities  of 
heat  proportional  to  the  numbers  12,  45,  98,  100. 
He  likewise  proved  that  the  power  of  these  sur- 
faces in  absorbing  heat  was  represented  by  the 
same  numbers,  and  that  the  power  of  reflecting 
it,  of  course,  was  in  the  inverse  proportion.  Mel- 
loni  has  since  shown  that  the  quality  of  the  sur- 
face, which  favours  reflection,  and  prevents  radia- 
tion and  absorption,  is  its  density  or  compactness. 
These  principles  find  many  applications  in  natural 

*  "  Hcrr  namllton  ist  In  seincn  an  neuen  Idcen  untl 
Siitzen  selir  reiclicn  Lectures  on  Qiialcrntons  .  •  ■ 
"  Weuu  man  von  eincin  von  Hcrrn  Hamilton  peft  nUc- 
nen  mid  in  seinen  Lectures  ebenfalls  mitge  hciltci 
Zusammensetzung  von  AxcndrchunKen_  einer  Kugei 
bctreffendcn  Fuiulamentalsatzc  ausgclit. 
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raiigemcnts,  and  are  of  great  importance  in 
tificial  operations. — Heat  passes  by  radiation 
<t  only  tbrougli  celestial  space  and  atmospheric 
:  i-,  but  also  through  many  substances,  both  solid, 
[uid,  and  gaseous.  Delaroche  showed  that 
liile  the  heat  of  the  sun  can  traverse  glass 
arly  without  obstruction,  it  is  otherwise  mth 
lie  heat  emanating  from  a  common  fire  or  even 
rom  the  flame  of  a  candle.  A  much  greater  pro- 
ortion  of  the  latter  is  kept  back ;  a  circumstance 
vhich  seemed  to  indicate  a  difference  in  the  nature 
'(  the  heat  emitted  by  terrestrial  and  celestial 
■ources.  M.  Melloni  of  Naples,  favoured  by 
lihe  delicate  means  of  measuring  even  very  small 
ijhanges  iu  the  quantity  of  heat  afforded  by  the 
laew  science  of  Thermo -Electricity,  has  done 
■much  toward  the  investigation  of  the  laws  of 
■adiant  heat  in  its  passage  across  different  media ; 
md  more  recently  M.  Knoblauch,  Professor  of 
Statural  Philosophy  in  the  University  of  Mar- 
lourg,  has  successfully  laboiu-ed  in  the  same  tield. 
VWe  shall  here  shortly  give  some  account  of  their 
sprincipal  results.  The  apparatus  made  use  of  by 
these  experimenters  consisted  of  a  Thermo-Elec- 


iTtric  Pile,  a,  acting  on  a  very  delicate  astatic 
.-galvanometer.     Different  sources  of  heat,  one 
bf  which  is  represented  at  d  ;  a  screen  b,  with 
san  aperture  about  the  size  of  the  cross  section  of 
the  pile,  and  the  different  media  to  be  experi- 
OTentetl  on  as  at  c,  placed  in  the  course  of  the 
■oeatn  in  its  progress  toward  the  pile.  Mel- 
S  toni  divides  bodies  into  athermanous,  or  those 
ancapable  of  transmitting  radiant  heat,  and  dia- 
whermanous,  or  those  which  are  pervious  to  radiant 
aeat    He  found  that  the  property  of  diather- 
loianism,  or  transparency  for  heat,  was  not  at  all 
oroportional  to  the  transparency  of  the  same  sub- 
•ttance  for  light.    Thus,  dark  brown  rock  crystal 
Jearly  opaque  to  light,  yet  transmitted  much 
nore  heat  than  a  similar  thickness  of  almost 
)erfectly  transparent  crj-stallized  alum.  Eock 
•alt  is  the  only  perfectly  diathermanous  solid 
-sxperimented  on  by  Melloni.    He  found  that  out 
;  'f  100  parts  of  heat  falling  on  the  siufaco  of  a 
i.ilate  of  this  substance,  7  per  cent,  arc  reflected, 
md  the  remaining  93  per  cent,  are  transmitted, 
••^here  being  no  absorption,  as  shown  by  the  fact 
'■•hat  the  interposition  of  such  a  plate  between  the 
■ource  of  heat  and  the  thermo-electric  pile  pro- 
luced  very  little  change  on  the  position  of  the 
leedle  of  the  multiplier,  and  also  by  the  circum- 
itance  that  the  crystal  itself  remains  unchanged 
a  temperature.    Bodies  are  less  diathermanous, 
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the  lower  the  temperature  of  the  source  from 
which  the  heat  proceeds.  Melloni  also  found 
that  rays  of  heat  were  decomposed  by  absorption 
in  their  passage  through  diathermanous  bodies, 
in  the  same  way  as  light  suffers  partial  absorp- 
tion in  its  passage  through  some  materials;  white 
light  passing  in,  that  is  light  containmg  all  the 
colours,  but  only  some  rays  emerging,  giving  the 
appearance  of  colour  to  the  substance,  the  others 
being  absorbed  in  the  passage.  Such  media 
Melloni  called  Thermo-cliroic.  Heat  which  has 
passed  through  glass  can  pass  through  a  great 
additional  depth  of  glass  without  suffering  much 
absorption,  while  it  cannot  penetrate  alum. 
Water  was  found  to  be  nearly  atheraianous,  that 
is,  opaque  to  heat,  notwithstanding  its  transpa- 
rency for  light.  These  investigations  of  Melloni 
must  be  looked  on  with  great  interest,  as  opening 
up  new  views  of  many  natural  phenomena,  and 
also  as  laying  the  foundation  for  more  extended 
research.  It  has  already  been  stated  that  M. 
Knoblauch  has  since  repeated  and  extended  Mel- 
loni's  observations,  and  has  in  many  cases  con- 
firmed them;  while  in  others  he  has  subjected 
the  results  to  considerable  modification.  His 
chief  conclusions,  drawn  from  experiments  with 
a  similar,  but  perhaps  a  superior  apparatus,  are 
as  follows: — The  amount  of  heat  which  passes 
through  diathermanous  bodies  bears  no  direct 
relation  to  the  temperature  of  the  source  fronr 
which  the  heat  has  emanated.  Substances  are 
heated  in  different  degrees  by  the  same  tempera- 
ture of  the  source,  and  this  difference  depends 
not  on  the  heat,  but  on  the  peculiarity  of  the 
bodj-  receiving  it.  Bodies  become  heated  in  pro- 
portion to  the  thickness  through  which  the  heat 
passes  up  to  a  certain  limit.  "  The  radiating 
power  of  a  body  is  the  same,  be  the  calorific 
rays,  by  which  it  has  been  heated,  of  ever  so 
many  kinds."  The  heat  which  is  radiated- by  a 
body  is  independent  in  "kind"  of  the  source  or 
sources  from  which  its  heat  has  been  derived. 
The  heat  emitted  by  all  sorts  of  bodies  at  tlie 
same  temperature,  is  the  same  in  kmd.  The  fol- 
lowing criterion  is  given  by  Knoblauch,  as  a  test 
of  whether  a  substance  is  a  diathermanous  or  not. 
"  If  the  heat  which  impinges  upon  the  plate  under 
examination,  when  exposed  to  an  argand  lamp, 
cannot  by  transmission  be  distinguished  from  the 
heat  of  any  other  known  adialhermanous  body, 
the  plate  itself  is  adi athermanous.  If  differences 
do  occur,  it  is  diathennanous.  Heat  is  greatly 
modified  by  diffuse  reflection  in  some  cases,  while 
in  others  it  is  unafi'ccted ;  tiius  raya  of  heat,  re- 
flected from  a  surfiice  of  carmine,  had  a  mucii 
greater  power  of  penetrating  calcareous  spar  than 
those  coming  directly  from  an  argand  lamp,  and 
suffering  no  such  reflection.  It  was  ascertained 
that  the  changes  experienced  by  heat  on  diffuse 
reflection  are  merely  the  result  of  a  select  absorp- 
tion by  tlie  reflecting  surfaces  of  certain  I'ays  of 
heat  transmitted  to  them.  It  cannot  thus  be  said 
tliat  any  body  reflects  heat  better  or  worse  thau 
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any  other  (metals  and  charcoal  excepted),  because 
this  relation  varies  with  each  kind  of  radiation. 
The  complexity  of  the  heat  emitted  by  any  source 
increases,  though  not  proportionally,  with  the 
temperature.    Knoblauch,  in  1852,  applied  him- 
self to  the  question  whether,  in  one  and  the  same 
diathermanous  body,  the  quantity  of  heat  trans- 
mitted through  any  given  thickness  of  it,  de 
pends  in  any  degree  on  the  direction  of  that 
transmission.     Melloni  had  already  concluded 
that  heat  passes  equally  freely  through  crystals 
of  quartz  and  calcareous  spar  in  all  directions, 
Knoblauch,  on  the  contrary,  found  that  in  brown 
crystals  of  quartz  rays  parallel  to  the  axis 
passed  through  in  a  quantity  represented  by  100, 
■ivhile  if  perpendicular  to  that  axis,  they  only 
jiassed  in  quantity  represented  bj'  92.  With 
beryl  and  tourmaline  similar  results  were  ob- 
tained.   He  lilcewise  found  that  heat  which  has 
passed  through  some  crystals  such  as  beryl, 
parallel  to  the  axis,  has  a  different  power  of 
penetratmg  diathermanous  bodies  from  that  which 
has  passed  perpendicular  to  that  axis.    In  aU 
directions  of  transmission,  except  along  the  axis  of 
the  crystal,  the  position  of  the  plane  polarization 
if  the  heat  be  polarized,  influences  the  quantity 
transmitted.    This  result  is  only  what  might 
have  been  expected,  considering  that  a  ray  of 
light  or  heat,  in  traversing  a  doubly  refracting 
crystal,  is  divided  into  two — the  ordinary  and  the 
extraordinary — the  one  polarized  in  a  plane  at 
right  angles  to  the  other ;  and  that  this  occurs  in 
every  direction  of  transmission  except  along  the 
axis.    The  preceding  investigations  by  Knob- 
lauch, while  curious  in  themselves,  are  also 
satisfactory,  as  agreeing  well  with  the  modern 
theory  with  regard  to  the  nature  of  heat.  This 
theory,  holding  heat  to  be  not  a  substance  but  a 
vibratory  motion  of  the  etherial  medium  in  space, 
or  of  the  ultimate  particles  of  matter,  would  of 
course  indicate  that  a  ray  of  heat,  from  whatever 
soMce,  ought,  at  the  same  temperature,  to  be  of 
the  same  nature,  as  it  is  merely  a  wave  travers- 
ing the  ether.    This  Knoblauch's  experiments 
have  shown.    He  has  proved  likewise  that  ra- 
diant heat  is  altered  in  its  qualities  by  reflection 
from  different  kinds  of  surface — a  circumstance 
which  the  undulatory  theory  would  lead  us  to 
expect,  as  the  particles  of  every  difterent  surface 
will  have  periods  of  vibration  of  their  own,  which 
must  be  independent  of  the  rapidity  of  undulation 
of  the  wave  which  sets  them  in  motion ;  and  from 
these  new  series  of  waves  originate,  and  of  course 
partake  of  their  rapidity.    The  modem  theory 
])oints  out  that  there  maybe  an  indefinite  variety 
of  heat  in  a  thermal  beam,  each  kind  differing 
from  the  other  in  rapidity  of  undulation,  and  that 
the  one  may  be  converted  into  the  other  by  any 
agency  which  has  the  power  to  alter  the  rapidity 
of  vibration.    Waves  of  heat  in  general  have  a 
less  rapid  vibration  than  those  of  light ;  and  it 
is  easy  to  conceive  in  this  way  how  the  same 
medium  may  transmit  the  two  sets  of  motions  in 
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different  degi'ees,  in  some  cases  stopping  the  heat 
and  permitting  the  light  to  pass.  This  no  doubt 
occurs  with  the  comparatively  slow  thermal  un- 
dulations into  which  the  sunbeams  are  converted 
in  their  reflection  from  the  surface  of  the  moon, 
when  they  are  absorbed  as  they  traverse  the 
earth's  atmosphere, — a  circumstance  which  ha.s 
been  brought  to  explain  the  comparative  absence 
of  heat  from  even  the  most  intense  moonbeam,  tak- 
ing for  granted  that  the  air  is  not  perfectly  dia- 
thermanous. IMr.  Hopkins  has  recently  applied 
the  foregoing  principles  of  diathermancy  to  inves- 
tigations with  reference  to  the  temperature  of 
space,  and  the  probable  eflTect  of  atmospheres  ii; 
modifying  the  climate  of  the  different  member- 
of  the  solar  system,  and  has  arrived  at  conclu- 
sions not  without  interest  to  the  science  of  Ra- 
diant Heat. 

Radiatiou.  If  any  influence  whatsoever  is 
propagated  through  space  in  straight  lines,  it  i^ 
said  to  be  propagated  by  Radiation.  Laplaci- 
attempted  to  deduce  from  this  simple  idea  ol 
Eadiation,  the  necessity  of  the  Law  that  all 
central  forces  must  diminish  in  intensity  as  the 
inverse  squares  of  the  distances :  but  his  reason- 
ing is  wholly  unsatisfactory.  This  most  eminent 
analyst  was  a  very  poor  metaphysician,  and  he 
wanted  some  of  the  qualities  essential  to  the  sound 
physicist. 

Railway,  or  Railroad,  means,  strictly,  a 
road  or  way  furnished  with  rails  or  bars,  on  the 
upper  surfaces  of  which  the  carriage-wheels  roll. 
In  an  extended  sense  of  the  word,  "  Eailway,"  it 
comprehends  all  the  land,  works,  buildings,  and 
machinery  required  for  the  support  and  use  of 
the  road  or  way  with  its  rails.  The  mechanical 
advantages  of  railways  are,  first,  the  smallness 
of  the  resistance  opposed  to  the  motion  of  a  given 
load  by  them,  as  compared  with  common  roads 
at  all  speeds,  and  with  canals  at  all  except  very 
low  speeds;  and,  secondly,  the  facility  afforded 
by  railway  for  the  use  of  mechanical  methods  of 
propulsion,  whereby  loads  are  transported,  and 
speeds  attained,  which  would  be  other^vise  im- 
practicable. The  commerdal  advantages  of  rail- 
ways are,  first,  direct  economy  in  cost  of  transit, 
whether  of  passengers  or  of  goods ;  and,  secoridly. 
economy  of  time,  whether  of  that  occupied  in  the 
transport  of  valuable  goods,  or  of  that  occupied 
in  travelling  by  those  whose  time  is  valuable. 
The  social  advantages  of  railways  are,  first,  the 
cheap  and  swift  transport  of  those  who  practise 
any  art,  whether  by  manual  or  by  mental  labour, 
to  those  places  in  which  their  work  is  required : 
— secondly,  the  extension  of  the  benefits  of  rapid 
and  easy  travelling  to  the  poorest  classes  of  the 
community ;  and,  thirdly,  the  rapid  and  exten- 
sive difliision  of  knowledge.  Railways  are  of  two 
kinds, — Plate  Railways,  or  Tramways,  in  which 
broad  and  flat  rails  of  stone  or  cast  iron,  with  or 
without  ledges  or  flanches,  are  used  to  diminish 
the  rolling  resistance  of  such  carriages  as  are 
used  to  convey  heavy  goods  and  minerals  on  com- 
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lion  roads ;  aiid  Railways  proper,  or  Edge  Rail- 
ays,  suited  for  carriages  of  a  special  kind,  hav- 
5  flanched  wheels,  and  for  locomotive  engines, 
■-tone  tramways  were  used  at  a  remote  period  in 
taly.    Tramways  of  granite  or  cast  iron  are  of 

requent  occurrence  in  Britain  and  elsewhere  

Railways  proper  appear  to  have  been  first  used  in 
lie  mining  districts  of  the  north  of  England,  for 
he  conveyance  of  coal,  about  the  middle  of  the 
tventeenth  centurj'.    The  rails  were  at  first  of 
\  ood,  and  afterwards  of  wood  protected  on  the 
ipper  surface  by  a  thm  plate  of  wrought  iron, 
^ast  iron  rails  were  first  used  at  Colebrookdale 
ronworks,  in  Shropshire,  in  1769.  Wrought  iron 
ails  were  first  tried  m  1805,  by  Mr.  Nixon,  and, 
II 1820,  were  improved  so  as  wholly  to  supersede 
ast  iron  raUs,  and  brought  to  a  form  resembling 
hose  now  used,  by  Mr.  Birkinshaw.  About  this 
eriod,  and  for  ten  years  afterwards,  the  construc- 
ion  of  local  railways  of  moderate  length  became 
luch  extended,  and  they  were  used  in  various 
istricts  for  the  conveyance  of  agricultural  pro- 
uce,  merchandise,  and  passengers.  In  1829-30, 
he  completion  of  the  Liverpool  and  Manchester 
lailway,  by  George  Stephenson,  and  the  practical 
emonstration  of  the  possibility  of  attainmg  rates 
f  speed  enormously  exceeding  anything  pre- 
iously  known  in  traveUmg,  gave  that  impulse 
)  the  extension  of  railways  which  has  since  led 
'  their  adoption  as  the  chief  mode  of  conveyance 
1  every  ci\Tlized  country.  In  the  laying  out  and 
'siruction  of  the  earliest  railways,  the  natural 
clivities  of  the  ground  were  followed.  After- 
ards  the  practice  was  by  degrees  introduced  of 
loderating  those  declivities  by  embanking  or 
rching  across  vaUeys,  and  by  cutting  or  tun- 
lellmg  through  hills,  as  well  as  the  practice  of 
(TOidmg  interference  with  the  traffic  of  roads  and 
nreets,  by  carrying  the  railway  over  or  xmder 
wem  by  means  of  bridges,  until  at  length  the 
^orks  in  earth,  masonry,  timber,  and  iron,  em- 
oioyed  in  the  construction  of  railways,  have  be- 
ome  the  greatest  of  all  mechanical  structures, 
•he  extent  to  which  it  is  advisable,  on  a  proposed 
^8ie  of  railway,  to  moderate  the  declivities  or 
egradienta,"  and  so  to  dimmish  the  cost  of  trans- 
"wt,  by  means  of  works  which  increase  the  cost 
c' construction,  is  a  question  for  the  judgment  of 
"le  engineer.    The  motive  power  which  was  first 
pployed  on  railways,  and  which  continues  to  be 
iployed  in  particular  cases,  was  that  of  horses. 
^n  railways,  as  on  common  roads,  the  speed  at 
Much  the  efficiency  of  a  horse  is  greatest,  varies 
*cording  to  his  breeding  and  other  peculiarities, 
»m  three  to  ten  miles  an  hour.   Graviiy  is  em- 
Wed  as  a  motive  power,  where  the  declivity  of 
wescending  gradient  is  sufficient  to  overcome  the 
wstance  of  the  carriages.  Where  the  whole  of 
I  IB  heavy  traffic  descends  from  a  higher  to  a  lower 
*^el— as  m  some  of  the  local  mineral  railways— 
'-/-ac<2W(7  inclined  planes  are  used,  on  which  the 
'Hded  waggons  descending,  draw  up  the  retum- 
?  empty  waggons  by  means  of  a  long  rope,  sup- 
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ported  by  sheaves  or  pullej'S.    Stationary  Steam 
Engines  are  used  to  draw  trains  of  waggons  or 
vehicles  by  means  of  ropes,  (now  generally  made 
of  iron  wire).    The  employment  of  such  engines 
is  chiefly  confined  to  verj'  steep  inclined  planes, 
although  they  have  occasionally  been  used  else- 
where. For  a  short  time,  stationary  steam  engines 
were  used  on  some  lines  of  railway,  called  "Atmo- 
spheric," to  exhaust  air  from  a  tube  lying  be- 
tween the  rails,  containing  a  piston,  to  which  the 
train  was  attached,  so  as  to  be  dragged  by  the 
atmospheric  pressure.    The  motive  power  em- 
ployed on  aU  main  lines  of  railway,  and  on  almost 
all  branch  lines,  is  that  of  the  Locomotive  Steam 
Engine.    In  1759  (according  to  Watt),  the  idea 
of  employing  steam  to  move  wheel-carriages  was 
suggested  by  Robison.    In  1784,  Watt  patented 
a  locomotive  steam  engine,  which,  however,  he 
never  constructed.    About  this  time,  or  shortly 
afterwards,  a  small  working  model  of  a  locomotive 
engine  was  made  by  Murdoch,  assistant  to  Watt. 
Inl  802,  Trevithick  and  Vivian  patented  a  locomo- 
tive engine,  which,  about  1804,  was  constructed 
and  set  to  work,  and  travelled  at  about  five  miles 
an  hour,  with  a  net  load  of  ten  tons.  From  time 
to  time  after  this  date,  the  locomotive  engine  was 
gradually  unproved  by  various  engineers,  but  by 
none  so  much  as  by  George  Stephenson.  To  him, 
in  particular,  is  due  the  invaluable  invention  of 
the  blast-piije,  which,  by  blowing  the  waste  steam 
into  the  chimney,  regulates  the  draught  of  the 
furnace,  and  the  consumption  of  fuel,  according 
to  the  work  which  the  engine  is  performing  at 
the  time.    Up  to  1829,  the  ordmarv  speed  of 
locomotive  engines  did  not  exceed  that  of  horses ; 
and,  according  to  Mr.  Wood,  the  maximum  prac- 
tical performance  of  an  engine,  weighing,  with  its 
tender,  about  ten  tons,  was  to  convey  forty  tons 
at  six  miles  an  hour.  In  1829,  the  tubular  bmler, 
essential  to  the  obtaining  of  a  large  heating  sur- 
face in  a  limited  space,  was  invented  by  Mi-. 
Booth,  and  executed  by  Mr.  Stephenson ;  and 
on  the  6th  of  October,  1829,  occurred  that  famous 
trial  of  locomotive  engines,  when  the  prize  offered 
by  the  directors  of  the  Liverpool  and  Manchester 
Railway  was  gained  by  Mr.  Robert  Stephenson's 
engine,  the  Rocket,— that  engine  having  attained 
the  speed,  till  then  considered  impossible,  of  twenty 
miles  an  hour.    Since  that  time  the  locomotive 
engine  has  been  varied,  and  improved  in  various 
details,  and  by  various  engineers,  too  numerous 
to  be  mentioned  here.    Its  weight  now  ranges, 
according  to  the  work  it  has  to  do,  between  si.K 
tons,  and  fifty  tons,  including  the  tender.  Its 
load  ranges  from  fifty  to  500  tons.    Its  speed 
for  the  conveyance  of  minerals,  is  from  ten  to 
twenty  miles  an  hour;  for  that  of  goods  from 
fifteen  to  twenty-five ;  for  that  of  passengers  and 
mails,  from  twenty  to  sixty  miles  an  hour.  The 
true  theoiy  of  the  locomotive  engine  was  first 
published  by  Pambour  in  1836.    The  passiue 
resistance  to  the  motion  of  tlio  carriages  on  rail- 
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of  the  axles  in  tlieir  bearings,  and  of  the  wheels 
rolling  on  the  rails,  wliich  is  a  constant  quantitj' 
at  all  speeds,  and  varies  according  to  the  con- 
struction of  the  wheels,  axles,  and  axle-boxes, 
and  the  kind  and  mode  of  application  of  the 
unguent,  from  -g-Jir  of  til's  load  to  -^-n- : — secondly, 
the  resistance  arising  from  vibration,  the  law  of 
which  has  not  been  exactly  ascertained,  but  wliich 
appears  to  vary  nearly  as  the  velocity,  and  to  be 
inappreciable,  or  nearly  so,  below  ten  miles  an 
hour; — and,  thirdly,  the  resistance  of  the  air, 
varying  as  the  square  of  the  velocity.  The  gen- 
eral result  is,  that  the  total  resistance  of  a  rail- 
way train  varies  from  about  -g-j-g-  to  -jw  °f 
gross  load.  The  extremely  low  resistance  of  -g^j- 
of  the  gross  load  has  never  been  obtained  except 
with  one  peculiar  description  of  passenger  carriage, 
formerly  used  on  the  horse-worked  railway  be- 
tween Edinburgh  and  Dalkeith.  Much  remams 
still  to  be  ascertained  respecting  the  resistance  of 
railways. — Authorities.  Wood  On  Railroads; 
Simms's  Public  WorJcs  of  Great  Britain ;  Pam- 
bour  On  the  Locomotive  Engine ;  Reports  of  the 
British  Association ;  Report  of  the  Commissioners 
on  the  Gauges ;  Annual  Reports  of  the  Railway 
Commissioners;  Gouin,  Lechatelier,  &c.,  Traill 
ties  Machines  Locomotives;  Clark  On  Railway 
Machinery ;  Rankine  On  Cylindrical  Wheels,  &c. 

Bain.  A  meteor  too  well  known  to  need 
description.  The  integrant  particles  of  a  cloud 
or  fog  are  hollow  vesicles,  capable  of  floating  in 
the  air  or  of  being  kept  from  falling  by  the 
slightest  breeze.  When  these  vesicles  break  or 
coalesce,  they  produce  solid  drops,  varying  in 
size  from  the  slight  molecules  of  a  drizzh,  up  to 
the  massive  globes  of  a  thunder-storm.  It  has 
not  hitherto  been  explained  completely,  why  or 
under  what  chcumstances  a  cloud  is  resolved 
into  rain;  but  the  following  are  the  most  fre- 
quent causes  of  condensation  :  —  1.  The  cool- 
ing of  the  clouds  through  effect  of  radia- 
tion from  them ;  2.  The  mingling  of  vapours 
at  different  temperatures, — a  mingling  effected 
through  the  agency  of  the  winds;  3.  The  rising 
of  vapours  towards  colder  strata  of  the  atmo- 
sphere; 4.  The  increase  of  atmospheric  density 
or  pressure;  5.  The  accumulation  and  imping- 
ing of  masses  of  vapour  against  some  obstacle. — 
The  comparative  quantity  of  rain  falling  at  any 
locality,  depending  on  the  relation  of  that  locality 
to  the  foregoing  efficient  causes,  is  therefore  the 
consequence  or  result  of  very  complex  circum- 
stances, of  which  the  principal  are,— the  lati- 
tude and  elevation  of  the  place:  the  nature 
of  the  prevailing  winds :  the  laws  of  the  sea- 
sons there :  its  degree  of  proximity  to  the  sea : 
and  the  contour  of  the  surrounding  surface, 
%vhether  flat  or  mountainous.  Wc  shall  hastily 
review  what  has  been  ascertained  on  this  impor- 
tant subject,  as  well  as  with  reference^  to  two 
other  collateral  inquiries  of  high  physical  in- 
terest. 

I.  DisTniBUTiON  OF  Kais  over  the  si  k- 
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FACE  OF  THE  Globe  As  explained  under 

Hydrometeors,  the  laws  of  the  distribution  of 
rain  over  the  earth's  surface,  would  have  been 
extremely  simple,  but  for  certain  disturbing  forces. 
One  class  of  tliese  forces, — viz.,  the  icinth,  is  so 
powerful,  and  so  intimately  connected  with  the 
chief  cause  of  rain, — viz.,  the  gradually  diminish- 
ing lieat  of  the  globe  from  equator  to  pole,  that 
the  two  influences  cannot  be  divided ;  a  second 
disturbance  arises  in  the  change  of  seasons,  al- 
though this,  too,  is,  for  the  most  i)art,  insepar- 
able from  the  first  class ;  and  to  the  third — a  very 
multifarious  class — depending  on  elevation,  neigh- 
bourhood, nature  of  soil,  &c.,  we  owe  the  exis- 
tence of  anomalies.  Although  no  clear  separa- 
tion can  really  be  effected,  it  may  tend  to  dis- 
tinctness that  we  examine  these  three  subjects 
apart. 

(1.)  Effects  of  Temperature  and  Wind. — The 
efiects  of  these  two  leading  influences  tliroughout 
the  year,  over  all  the  earth,  appear  with  sufficient 
clearness,  through  the  following  leading  facts : — 
1.  Under  the  tropics,  rain  falls  with  a  regu- 
larity unknown  in  other  regions.  On  the  ocean, 
where  the  trade  wind  blows  regulai-ly,  it  scarcely 
rains ;  but,  in  the  zone  of  calms,  it  rains  fre- 
quently, and  then,  also,  sudden  storms  frequently 
occur.  On  land,  in  these  torrid  spaces,  we  have, 
on  the  other  hand,  alternately  dry  and  wet  sea- 
sons. Thus,  m  Southern  America,  the  sin-  is 
serene  during  winter ;  in  spring  it  becomes  moist ; 
the  series  of  storms  commences  in  March;  in 
some  places  the  nights  are  severe,  while  in  others, 
it  rains  more  during  the  night  than  during  the 
day.  The  direction  of  the  wind,  and  the  heat- 
mg  of  the  soil,  amply  sufiice  to  explain  these 
phenomena,  which  last  all  summer.  2.  In 
Africa,  also  near  the  equator,  the  rainy  season 
commences  in  April;  between  thenortliern  tropic 
and  10°  N.  lat.,  that  season  contmues  from  June 
to  October.  In  places  near  the  equator,  Avhose 
zenith  the  sun  crosses  twice,  great  quantities  of 
rain  fall  twice  a-year,  so  that  there  are  two  wet 
and  two  dry  seasons.  The  rain  which  falls  is  so 
great  that  the  whole  night  is  moist.  This  is  the 
period  in  which  maladies  occur  that  are  so  fatal 
to  Europeans.  3.  Still  keeping  within  the  torrid 
zone,  turn  now  to  India.  In  that  country  the 
alternation  of  rainy  and  drj'  seasons  keeps  pac 
with  the  winds.  On  the  east  coast,  during  th 
south-west  monsoon,  there  is  no  rain  ;  while, 
during  the  north-east  monsoon,  it  falls  in  tor- 
rents. On  the  west  coast  the  phenomena  are 
precisely  reversed.  In  the  ulterior  of  that  con- 
tinent, rain  seldom  falls ;  and  in  places  on  either 
side  of  the  central  region,  the  climate  partakes  of 
that  of  the  nearest  coast ;  some  places  are  eve 
affected  by  both  coasts,  i.  c,  it  rains  there  m: 
or  less  during  the  whole  year.  The  cause 
these  phenomena  is  simple.  Winds  that  ha 
blown  over  the  ocean,  and  therefore  lad' 
with  humidity,  reacli  the  land ;  where,  throu, 
effect  of  a  sudden  diminution  of  temperatu 
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y  discharge  the  greater  proportion  of  their 
isture  at  once.    Hence  the  quantity  of  rain 
ing  at  some  places  in  India  is  prodigious; 
drops  are  of  great  size,  and  they  fall  to  the 
til  uith  astonishing  force.    4.  Receding  now 
)iu  the  equator  towards  the  North,  we  reach 
lutries  where  the  maximum  of  rain  falls  dur- 
summer,  although  they  are  comparatively 
ist  at  all  seasons.    These  are  the  regions  over 
lich  south  and  south-west  winds  prevail, — 
nds  that  ai-e  comparatively  humid,  as,  for  the 
ist  part,  they  blow  across  oceans.   Now,  when 
ese  mnds  mingle  with  the  colder  masses  that 
me  from  the  north  or  north-east  (currents  that 
!o  belong  to  the  countries  spoken  of),  it  is 
mifest  that  rain  must  fall,  and  that  the  fall 
11  be  most  frequent  during  the  seasons  when  the 
ithern  winds  mainly  blow.  Advancing  farther 
the  North,  we  reach  those  polar  countries  that 
i  visited  only  by  north  winds.    In  these  high 
itudes  the  temperature  of  the  continents  is, 
ring  summer,  considerabl}'  higher  than  that  of 
e  sea;  so  that,  in  that  period  of  the  year,  the 
availing  winds  will  not  part  with  their  humi- 
fy, but  rather  appear  dry  winds.    In  winter 
e  distribution  of  temperature  is  the  reverse ; 
1  the  aerial  currents,  accordingly,  as  soon  as 
}'  reach  the  land,  begin  to  get  rid  of  their 
isture  in  the  form  of  snow.    5.  The  toinds 
ing  themselves  the  direct  effect  of  variations 
;  temperature,  and  of  the  rotation  of  the  earth, 
las  clear  that,  when  referring  the  fall  of  rain  to 
■eir  influence,  we  are  indirectly  referring  it  to 
omperature  as  its  primal  cause.  Nevertheless, 
the  winds  act  directly  in  controlling  this 
eeteor,  as  well  as  in  modifying  other  cognate 
e  encies,  we  must  look  to  them  as  our  best  clue 
what  might  otherwise  appear  inextricable, 
lae  winds,  indeed,  are  a  clue  to  all  the  leading 
rriations  or  fluctuations  of  climate;  only  it 
a-jst  not  be  forgotten,  that,  in  every  separate 
-Jiality,  the  different  winds  have  a  distinct  and 
iculiar  character.    This  is  emphatically  illns- 
itvted  by  the  annexed  table,  giving  the  propor- 
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tions  of  rain  due  to  the  different  winds  in  throe 
important  localities  in  Europe, — Paris,  Berlin, 
and  Petersburg. 

TABLE  I. 

Eains  due  to  the  several  Winds. 

Localitios.      N.    NE.    E.    SE.    S.    SO.    0.  NO. 

Paris  0-13  0-09  Oil  0-29  0-39  0-85  0-54  C-yS 

Berlin,  0-48  0-31  0  30  0-26  0-33  0-51  0-57  0-.58 

Peterabvu-g, . .  I'OO  0-46  0-82  0-71  0-84  1-00  0-45  0-79 

(2.)  Influence  of  the  Seasons.  —  The  seasons 
are  best  kno-wn  through  their  differences  of  tem- 
perature; and  as  that  difference  must  modifv 
the  prevailing  winds,  it  cannot  be  doubted  that 
great  diversities  in  the  fall  of  rain  will  also 
accompany  these  changes, — a  diversity  propor- 
tionate to  the  intensity  of  the  change.  Eefen-ing 
to  our  previous  course  of  remark,  and,  farther,  to 
the  close  of  this  section  of  our  article,  we  mere!  v 
subjoin  in  this  place  two  important  tables :  the 
first  indicates  the  mean  quantities  of  rain  due  to 
the  different  seasons  in  a  few  important  localities, 
and  the  second,  the  number  of  rainy  days  charac- 
teristic of  each.  Our  next  table,  containing  the 
number  of  rainy  days  during  the  different  seasons 
at  different  localities,  is  perhaps  the  best  indication 
of  the  peculiarities  of  the  productive  character  of 
a  climate,  in  so  far  as  it  depends  on  this  Hydro- 
meter. Productiveness  demands,  not  only  a  cer- 
tain although  moderate  supply  of  rain,  but  sueli 
a  distribution  of  it  likewise,  among  the  different 
seasons,  as  shall  be  suitable  to  the  processes  of 
growth  and  ripening,  and  to  the  operations  of 
hai-vest.  A  slightest  glance  at  this  table,  may 
show  that  it  marks  out  the  true  distribution  of 
cultures  in  Europe.  For  instance,  the  fourth  re- 
gion especially,  and  after  it  the  fifth,  are  the 
countries  which,  par  excellence,  are  fitted  for  tlsn 
cultivation  of  corn.  And  it  is  in  these  regions, 
that  we  find  the  superb  plains  of  Lombardy,  an  I 
all  those  old  granaries  of  Europe — Sicily,  Egypt, 
Barbary,  &c. 


TABLE  II. 

Mean  Quantity  of  Rain  at  Different  Seasons. 
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West  of  England,  

Western  Coasts  of  Europe,  

East  of  England,  

South  of  France,  

Italy,  South  of  the  Apennines,  / 

Italy,  North  of  the  Apennines,  

North  of  France  and  Germany,  

Scandinavia,  

Russia,  


Winter. 

Spring. 

Summer. 

Autumn, 

Entire 
Year. 

9-5 

6-7 

8-7 

11-2 

37-0 

7  3 

5-6 

6-7 

9-7 

29-3 

G-5 

6-7 

G-7 

8-0 

27-0 

7-6 

7-6 

5-1 

11-4 

31-G 

5-5 

9  9 

10-8 

13'9 

40-2 

4-9 

58 

9  0 

6-8 

26-8 

32 

3-0 

6-7 

5-8 

18-7 

IG 

2-4 

6-5 

3-8 

14-3 

731 


\ 
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TABLE  nr. 
Number  of  Rainy  Days. 


CO0KTKT. 

Winter. 

Spring. 

Summer. 

Antnmn. 

Entire 
Year. 

43-1 

37-6 

33-9 

44-9 

159-5 

40-0 

39-5 

34-4 

38-8 

152-7 

34-4 

34-4 

32-9 

38-0 

139-7 

25-4 

25-2 

15-2 

25-4 

91-2 

25-4: 

27-1 

251 

26-6 

104-2 

36-1 

37-0 

36-8 

35-0 

144-9 

35-2 

30-3 

32-6 

35-1 

133-2 

23  1 

23-4 

27-9 

26-5 

100-9 

(3.)  Anomalies  in  tJie  Fall  of  Rain. — If  one 
examines  any  large  table  giving  the  mean  fall 
of  rain  at  a  great  number  of  localities  widely 
scattered  over  the  earth,  the  truth  of  the  General 
Laws  already  shadowed  forth  would  sufficiently 
clearly  appear :  but,  alongside  of  these,  a  num- 
ber of  extraordinary  exceptions  or  anomalies. 
For  instance,  while  the  annual  mean  quantity  for 
Scandinavia  is  18-7  in.,  the  mean  fall  at  Ber- 
gen is  88-58  in, :  the  mean  quantity  for  Bombay 
is  92-51  in.;  while  that  of  Seringapatnam  is 
only  23-6  in.  Russia,  again,  is  generally  a 
remarkably  dry  region;  and  there  are  isolated 
districts  great  or  small  in  vaiious  parts  of  the 
earth — some  of  these  almost  equatorial,  in  which 
no  rain  whatever  falls  during  any  part  of  the 
year.  The  causes  of  these  facts  have  clearly 
nothing  to  do  with  latitude,  and  not  much  with 
the  direction  of  the  winds.  They  are  the  true 
irregularities  or  anomalies  of  the  subject,  and 
depend  on  the  lesser  or  more  purely  local  circum- 
stances that  influence  the  fall  of  rain,  viz.,  the 
structure  of  the  soil,  the  neighbourhood  or  ab- 
sence of  mountains,  &c.,  &c.  In  illustration  of 
the  mode  of  their  operation,  a  few  remarks  must 
suffice.  1.  When  a  humid  wind  impinges  on  an 
immense  mountain  wall,  its  vapour  is  discharged 
in  great  quantities  on  the  wind-side  of  that  wall. 
The  south-west  wind,  for  instance,  that  beats 
against  the  range  of  Mont  Blanc,  discharges  at 
Chambery  no  less  than  65  in.  of  rain  during  the 
year.  Bergen  lies  in  the  same  relation  to  the 
same  wind  and  the  Scandinavian  Alps, — hence  its 
excessive  wetness.  And  a  third  instance,  in  cir- 
cumstances exactly  corresponding,  is  found  at 
Tolraerro  near  Venice,  one  of  the  rainiest  dis- 
tricts in  Europe.  It  is  precisely  this  class  of 
agencies  that  induces  the  large  quantities  of  rain 
on  the  west  coast  of  Scotland,  in  Cumberland, 
"Westmoreland  and  Wales,  and  on  the  west  of 
Ireland. — 2.  Comparative  drjTiess,  again,  fre- 
(juently  arises  from  this; — a  moist  wind  after 
jjrtssing  a  mountain  barrier,  or  blowing  across  an 
elevated  and  cold  plateau,  where  it  has  discharged 
its  moisture,  becomes  virtually  a  dry  wind.  Hence 


the  rarity  of  rain  at  Seringapatnam ;  hence,  alsci. 
the  comparative  dryness  of  Russia.  Rain  anii 
snow  fall  there  in  small  quantities,  because  tht 
vapours  belonging  to  the  prevailing  winds  have 
been  nearly  discharged  before  these  winds  an-ive 
at  Russia. — 3.  There  are  a  few  spots  on  the 
earth's  surface  where  rain  never  falls ;  -viz.,  the 
Desert  of  Sahara ;  the  North  of  India  and  China; 
some  places  on  the  coasts  of  Peru  and  Chili,  and 
some  others  on  the  shores  of  Mexico.  The  causes 
last  referred  to  operate  exclusively  in  some  ol 
these  locahties.  In  others,  as  in  the  Sahara,  the 
phenomenon  is  solely  owing  to  the  excessive  heat 
of  the  soil,  which  rather  augments  the  capacity 
for  vapour  of  any  wind  that  can  blow  over  it. 
 W'e  cannot  conclude  this  enumeration  of 


facts  without  referring  to  the  admirable  graphic 
representations  of  them  now  within  reach  of  the 
student.  The  Hj'etographical  maps  of  Bsrghaus. 
especially  as  they  have  been  reproduced  ami 
amended  by  Mr.  Keith  Johnston  in  his  Physical 
Atlas,  impress  the  facts  themselves  and  their 
arrangements,  on  the  mind,  with  equal  force  and 
precision.  On  these  most  valuable  charts  tin 
position  and  extent  of  the  bands  or  zones  (>; 
summer  and  \vinter  rains  are  represented  with 
everj'-  clearness,  as  well  as  the  regions  of  torna- 
does, and  the  influence  of  the  monsoons.  The 
ej'e  is  obliged  to  rest,  Jlrst,  on  a  zone  of  summer 
rains  stretching  towards  that  limit  where  the 
south-west  winds  become  dominant;  secondly^ 
on  a  zone  of  rains  at  all  seasons;  and,  thirdly, 
on  the  zone  of  mnter  rains  and  snows,  in  the 
neighbourhood  of  the  polar  circle. — In  the  con- 
tinent of  Europe,  as  Ave  advance  from  South  to 
North,  these  rain  zones  are  twisted  in  conformity 
with  the  shape  of  its  coasts.  Under  the  meri- 
dian of  Central  Europe  we  find  equatorial  summer 
rains ;  and  near  that,  in  Russia  {ride  supra), 
space  comparatively  free  from  rain.  Succeediiii: 
the  dry  zone,  we  have  a  secondary  zone  of  winter 
rains;  then  a  zone  of  rain  at  all  seasons,  but 
principally  in  summer;  and,  finally,  the  polar 
zone  of  winter  rain. 
II.  State  OF  THE  Barometer  during  Rais. 
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AU  observers  who  pursue  barometrical  varia- 
oiis  as  a  study,  have  remarked  that  the  mercury 
ibitually  falls  on  the  approach  of  rain,  and,  on 
le  contrarj',  rises  when  the  weather  is  fine  :  this 
incidence,  however,  proceeds  solely  from  the 
isition  of  our  countiy,  and  the  direction  of  the 
inds  which  bring  rain.  It  is  necessary  to  re- 
ember  that  the  barometric  column  measures 
ily  the  weight  of  the  atmospheric  column  situ- 
ed  above  it,  changes  with  the  different  winds, 
id  is  generally  lower  when  the  temperature 
ses ;  that  is  to  say,  hot  winds  lower  the  baro- 
eter,  and  cold  winds  raise  it ;  hence  it  follows 
lat  the  south-west  winds,  which,  in  our  country, 
tenest  bring  rain,  being  the  hottest,  the  baro- 
eter  falls  when  the  winds  blow  in  that  direction, 
his  general  law  has  many  exceptions,  and  it  is 
'cessary,  in  order  to  understand  the  phenomenon 
ight,  to  enter  into  some  details  respecting  it. — 
ccording  to  the  theory  of  vapours,  water  eva- 
irates  in  the  air  as  in  a  vacuum,  although  more 
owly ;  hence,  if  a  mass  of  air  is  brought  into 
mtact  with  water  of  a  certain  temperature,  the 
r  becomes  saturated,  and  the  weight  is  increased; 
;nce,  further,  a  mass  of  air,  or  a  wind,  blowing 
er  a  surface  capable  of  yielding  vapour,  neces- 
rily  becomes  heavier.  A  wind,  therefore,  acts 
1  the  barometer  alike  by  its  temperature  and  its 
midity ;  the  first  influence  tending  to  lower  the 
ercurial  column,  the  second  to  raise  it.  In  our 
iraates,  the  first  cause  is  the  strongest ;  in  others 
18  contrary;  thus,  Flinders  discerned  that,  on 
le  coasts  of  New  Holland,  the  land  winds,  dry 
id  hot,  depress  the  barometer ;  at  the  mouth  of 
le  Plata,  winds  from  the  eastern  sea  raise  the 
uometer  higher  than  west  winds  which  blow 
om  the  land. — When,  in  any  place,  rain  falls, 
ince  the  weight  of  the  vapour  increases  the 
fight  of  the  atmosphere  above  the  barometer), 
le  mercury  should  fall  after  the  fall  of  rain; 
U  the  reverse  is  frequently  observed.  It  is 
;cessary,  in  such  cases,  to  take  into  account  the 
rection  of  the  wind,  and  the  causes  which  have 
casioned  that  wind. — When  the  rain  falls  con- 
iiuously,  the  state  of  the  barometer  depends  on 
10  direction  of  the  wind,  and  on  that  conden- 
tion  of  vapours  which  diminishes  the  weiglit 

the  atmosphere ;  but  if  the  rain  fall  in  a  short, 
iavy,  and  isolated  shower  as  in  a  storm, — i.e., 
om  the  passing  of  one  or  more  clouds  above  the 

erver,  then — the  weight  of  this  cloudy  mass 
ing  supported  by  the  atmosphere — there  results 
Lim  it  a  kind  of  wave  which  passes  over  the 
irometer,  and  we  may  have  an  elevation  of  the 
ercurial  column  during  rain,  that  ceases  some- 
ine  after. — In  general,  in  times  of  rain,  the 
irometer  falls  below  the  mean  corresponding  to 
'<:  prevailing  wind :  the  barometer  accordingly 
n  only  serve  to  prognosticate  rain  by  indi- 
ting the  direction  of  the  prevailing  wind;  the 
irometer  falls,  not  because  it  must  rain,  but 
ither  because  the  diminution  of  pressure  is  oc- 
iisioiied  by  a  wind  bringing  rain:  the  rain  is 
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not  a  cause,  but  an  efiect.  It  would  then  be 
more  correct  to  put  on  the  barometers  in  our 
houses,  instead  of  the  words  fine  weather,  rain, 
or  wind,  &c.,  the  names  of  the  winds,  N.-E., 
S.-O.,  &c.,  the  means  of  which  correspond  U> 
these  barometric  heights. — M.  Dove  has  ex- 
plained the  variable  winds  of  these  countries,  by 
the  simultaneous  meeting  of  the  south-west  and 
north-east  winds;  and  he  has  deduced  from  a 
great  number  of  observations,  that,  in  our  hemi- 
sphere, the  wind  passes  most  often  from  east  to 
west  by  the  south,  and  in  the  southern  hemi- 
sphere from  east  to  west  by  the  north.  He  has 
concluded  from  these  conflicts  of  two  winds — the 
one  hot  and  humid  in  our  regions,  viz.,  the  south- 
west, the  other  dry  and  cold,  viz.,  the  north-east 
— that  at  the  west  a  cold  wind  succeeds  to  a  hot 
wind,  and  that  at  the  east  it  is  the  reverse,  a  hot 
wind  succeeds  to  a  cold  wind.  He  has  sought 
the  pressure  during  rain  under  the  different  winds, 
and  has  been  led  to  this  conclusion,  that,  during 
rain,  the  barometer  falls  with  the  east  wind,  and 
rises  with  the  west  wind. — When,  in  any  portion 
of  the  atmosphere,  the  equiUbrium  of  the  gaseous 
mass  is  broken,  a  movement  is  always  and  im- 
mediately communicated  and  transmitted  as  an 
immense  wave,  giving  birth  to  winds  more  or 
less  violent.  The  diurnal  heat,  and  a  crowd  of 
causes  which  have  not  been  fully  appreciated, 
give  rise  to  regular  movements  of  the  barome- 
trical column ;  but  if,  in  one  portion  of  the  earth, 
the  temperature  is  accidentally  much  raised,  the 
equilibrium  is  destroyed,  and  its  restoration  occa- 
sions the  displacement  of  air,  and  agitations  of  the 
atmosphere  capable  of  producing  disastrous  con- 
sequences. In  general,  during  these  great  dis- 
placements, the  barometrical  column  oscillates 
irregularly  and  at  short  intervals.  Thus,  fre- 
quent oscillations  or  a  great  change  in  the  height 
of  the  barometrical  column,  indicates  great  at- 
mospheric pertm'bations ;  we  may  thence  foresee 
a  storm  or  gusts  of  wind  in  the  place  where  the 
observations  are  made,  or  in  neighbouring  places. 
Navigators,  who  have  a  great  interest  in  knowing 
the  precursorj"-  signs  of  tempests,  always  consult 
the  barometer ;  and  Scoresby  assures  us  he  fore- 
saw, from  such  observations,  seventeen  out  of 
eighteen  storms. 

III.   The  Quantities  of  EjUn  falling- 

AT  THE  SAME  TIME    AT  DIFFERENT  HEIGHTS 

IN  THE  SAME  Vbistical. — A  most  important 
inquiry  concerning  what  may  be  called  tlie 
generation  of  rain  at  diflerent  heights  in  the 
same  vertical  column,  was  recently  talten  up, 
and  carried  to  a  conclusion — in  so  far  as  its 
relation  to  temperature  and  the  seasons  are  con- 
cerned— by  Professor  Phillips  and  Mr.  Gray,  at 
York.  York  is  admirably  fitted  by  its  position 
for  the  conduct  of  any  meteorological  inquiry. 
It  is  in  tlie  centre  of  one  of  the  greatest  and  least 
interrupted  plains  in  England ;  and  accordingly 
the  march  of  temperature  tlicre  is  most  regular;-^ 
the  difference  between  the  diurnal  mean  at  any 
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date,  and  the  annual  mean,  is  sensibly  propor- 
tional to  the  sine  of  the  declination  of  the  sun 
twenty-five  days  previous  to  the  date  in  question. 
Three  rain  gauges  were  employed,  one  on  the 
surface  of  the  ground,  another  on  the  top  of  the 
IMuseum,  and  a  third  on  the  top  of  the  lofty  tower 
of  the  Cathedral.  Their  elevation  above  the  Ouse 
were  respectivel^v,  29,  72^,  and  242  feet.  The 
fall  of  rain  dimiuished  with  the  altitude;  and, 
afier  continued  and  careful  observations,  Pro- 
fessor Phillips  concluded,  that  the  diminution  of 
rain  at  any  height  above  the  surface  corresponds 
with  the  quantit}'  falling  at  the  surface,  and  is 
represented  by  the  formula, 

h  being  the  height,  and  m  a  variable  co-eflScient. 
For  the  mean  of  the  year  the  co-eflScient  at  York 
is  4-2  :  but  it  varies  with  the  seasons ;  and  the 
following  formula  sen'es  to  express  the  law  of 
that  variation : — 


1  +  ^  •  7- 


m  = 


where  a  is  the  value  of  m  for  the  year ;  t  the 
mean  annual  temperature  in  degrees  of  Fahren- 
heit, and  the  mean  temperature  of  the  season 
in  question. — Tliis  co-efficient  is  plainly  depen- 
dent on  the  humidity  of  the  air,  and  may  be 
further  expressed  as  a  function  of  that  humidity. 
But  the  dryness  of  the  air  is  usually  expressed 
by  the  difference  between  the  mean  temperature 
and  the  dew  point.  Observations  of  the  dew 
pouit,  however,  being  comparatively  rare,  we 
must  take  instead  the  difference  between  the 
maximum  and  minimum  temperature  of  each 
da}'.  Calling  the  general  mean  temperature  of 
the  year  sr,  and  d  the  mean  difference  between 
t)ie  diurnal  maxima  and  minima  of  the  special 
period,  we  have  the  formula 


vi  =  a 


M 
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a  formula  answering  all  the  observations.  For 
further  information  we  must  refer  to  the  original 
memoir.  But  the  conclusion  reached  is  as  fol- 
lows:— The  difference  of  the  quantity  of  rain  at 
different  heights  above  the  earth's  surface,  is 
owing  to  the  augmentation  of  each  drop  as  it 
traverses  the  lower  humid  strata  of  the  atmo- 
sphere :  the  temperature  being  lower  among  the 
strata  where  the  drop  originated,  that  drop  must, 
since  it  carries  its  original  temperature  along  with 
it,  condense  fresh  vapour  around  it  as  it  descends. 
— This  conclusion,  which  is  not  an  liypothesis, 
but  a  rigorous  deduction,  gives  account  of  all  the 
facts  as  yet  ascertained  connected  with  the 
sui)ject. 

ilniiibo^.  The  ordinary  rainbow  consists 
of  a  scries  of  successive  zones  or  bands,  coloured 
like  prismatic  spectra.    These  bands  make  little 
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concentric  circles  on  the  sphere,  which  have 
a  common  centre  almost  always  below  the  ho- 
rizon, and  diametrically  opposite  to  the  sun. 
The  red  band  has  the  largest  radius  (42°  20'). 
It-  is,  consequenth',  situated  on  the  convex  or 
outer  edge  of  the  rainbow,  while  the  violet  is 
on  the  inner  edge,  ha\nng  its  radius  40°  30', 
and  the  intermediate  prismatic  colours  come  be- 
tween. The  part  of  the  sky  on  whicli  the  rain- 
bow Ls  thro^vn  is  much  more  bright  within  than 
without  the  bow, — the  outer  space  is  dark,  almost 
black ;  and  the  inner  space,  on  the  coutrarj',  melts 
into  the  violet  almost  insensibly.  Often,  in  the 
latter,  coloured  rays  alternately  red  and  brown 
show  themselves — bordering  the  violet  towards  its 
inner  part :  these  are  called  supernumemri/  arcs. 
Besides  the  first  arc,  there  is  often  a  second  seen 
parallel  to  the  first,  consisting,  that  is,  of  con- 
centric zones,  the  red  band  having  a  radius  of 
50°  20',  and  the  violet  of  53°  45'.  Hence  1. 
This  is  broader  than  the  primary  rainbow.  2. 
the  colours  are  arranged  in  quite  the  opposite  way. 
The  dark  area  is  inside  now,  and  the  bright  out- 
side. The  space  between  the  two  is  very  notably 
dark  and  black.  There  ai-e  in  this  also  some  super- 
numerary arcs.  Finally,  one  sometimes  sees  about 
40°  from  the  sun  a  third  very  feeble  coloured  arc, 
in  which,  as  in  the  first,  the  red  is  farthest  from 
the  sun.  The  rainbow  is  sometimes  replaced  by 
another  phenomenon — an  arc  which  has  a  radius 
varj'ing  between  34°  and  42° — which  is  almost 
completely  white.  It  forms  on  clouds  very  near 
the  obsen^er.  Biot  first  showed  that  rainbow 
light  is  almost  completely  polari2ed,  in  a  plane 
passing  through  the  centre  of  the  sun, — such 
the  phenomena  of  the  rainbow. — The  physical 
explanation  we  must  succinctly  exhibit: — Sup- 
pose a  spherical  rain  drop,  on  which  rays  coming 
from  a  very  distant  body,  and  therefore  parallel, 
are  falling.  Clearly  tliese  rays  are  partly  re- 
flected, add  partly  refracted  into  the  drop.  By 
the  former,  the  drop  itself  becomes  visible 
The  intersection  of  the  latter  forms  a  caustic 
curve  e  /—that  is,  all  the  rays  faUing  on  a 
get  massed  into  e  c  /,  and  so,  much  more  con- 
centrated. These  rays  are  partly  refracted  out, 
and  partly  reflected  agamst  the  surface  of  the 


drop.    These  reflected  rays  may  be  cither  n 
fractcd  out,  producing  the  primary  rainbow;  o 
again,  reflected  and  then  refracted  out.  giving  (h' 
secondary  rainbow,  and  so  on  for  llioac  ol  t- 
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vd,  fourth,  fifth,  &c,  order.  Suppose  the  red 
s  to  be  considered,  then  taking  the  index  of 
action  known  for  red  ravs,  we  find  that  the 
4ie  of  the  line  A  b,  and  a  line  from  g  just 
jve,  between  which  a  great  many  of  the  rays 
.-tituting  the  rainbow  are  massed,  is  42°  20'. 
.  the  drop  is  spherical,  we  see  that  this  line 
trom  g  will  describe  a  cone  round  a  parallel  to 
iC  direction  of  the  ray  through  the  eye,  accord- 
pg  as  the  circle  e  a  is  turned  round  the  axis 
jAB,  so  as  to  describe  the  real  spherical  rain 
ffop.  Hence  as  the  eye  sees,  for  the  plane  re- 
nresented,  a  red  spot  in  the  direction  of  g,  this 
ed  will  revolve  and  describe  a  circle  in  the  sky, 
■jnstituting  the  red  band  of  the  rainbow.  It  is 
lear  how  the  other  colours,  having  different  re- 
lactlve  indices,  will  form  different  caustic  curves 
ff,  and  -will  have  the  side  of  the  cone  to  a  point 
ipgher  on  the  circle  than  g,  that  is,  making  a  less 
igle  with  the  direction  of  the  rays.  This  es- 
blanation  gives  the  whole  theory  of  the  subject, 
fhe  same  is  repeated  over  and  over  for  aU  the 
bows  of  different  orders.  We  refer  the  reader 
)  Engel  and  Shellbach's  Graphical  Representa- 
ions  of  Optics,  plate  14,  which  will  give  him  a 
!uch  clearer  idea  of  the  whole  process  of  the  rain- 
KOw  than  can  in  any  other  way  be  obtained.  The 
■thematical  expressions  for  this  theory  we  shall 
ot  give  here,  because,  as  generally  stated,  they 
little  more  than  the  explanation  above ;  and 
IB  accurate  detail  of  the  theory  is  somewhat  long 
d  difficult.  M.  Bravais  has  found  this  formula 
If  the  deviation  of  the  ray  from  the  middle  of 
le  spectrum,  for  the  nth  rainbow, 

,    ,     „  50° -46' 

D  =  (n  +  1)  83°  •  4'  •  8  _  — 

'  «  -j-  1 

tiainbows  of  the  third  order  have  been  seen  by 
bbser\-er3,  but  the  phenomenon  is  very  rare.  Of 
i|igher  orders  the  bow  is  never  seen.  The  ex- 
nation  is,  that  so  much  light  is  lost  in  the 
iccessive  reflexions  and  refractions  that  the  bow 
Mcomes  invisible.  A  further  one  is,  that  the  bow 
secomes  always  broader,  and  the  light  therefore 
ore  diffuse.  Apparatus  has  been  devised  to 
Aowdbtinctly  thephenomenon  up  to  even  the  thir- 
th  order.  A  cylinder  of  glass,  filled  with  water, 
)  used  to  give  an  approximation  to  the  spherical 
•irin  drops.  The  results  of  such  experiments  are 
lUly  given  in  Babinet's  Memoir  in  the  Comptes 

^ttendus  for  1838  The  rainbow  is  usually  pro- 

luced  during  rain — often  towards  the  end  of  a 
ihower.  But  many  other  conditions  of  formation 
«re  possible.    The  dew  drops  often  produce  the 
appearance  of  a  rainbow  along  the  ground  a 
itlle  after  sunrise :  the  arc  appears  a  large  para- 
lola.  The  rainbow  is  also  produced  by  the  play 
•f  fountains  and  in  cascades.    If  the  sun  be  in  a 
'•osition  suitable,  the  rainbow  may  even  appear  in 
uch  cases  a  complete  circle.    The  rainbow  may 
->e  seen  also  upon  sea  foam.    The  thiclmess  of 
lie  sheet  of  water  (cloud  or  sheet  of  rain  drops) 
Iced  be  very  slight.  Bravais  noticed  a  true  raiu- 


bow  fonned  against  the  mere  water-dust  flying 
against  the  saloon  windows  of  a  steamer,  from 
the  paddle  wheels.  He  estimates  the  thickness 
as  not  more  than  about  six  inches. — There  is 
such  a  phenomenon  as  a  lunar  rainbow.  It 
is  usually  pale  and  colourless,  but  not  always. 
There  must  be  a  very  dark  cloud-ground  behind 
the  sheet  of  water,  to  show  it.  It  is  very  rare 
to  see  a  secondary  lunar  rainbow. — Another  re- 
markable species  of  rainbow,  consists  in  the  arc 
produced  by  the  reflected  image  of  the  sun  in  a 
sheet  of  w^ater.  The  tops  of  this  rainbow  and  the 
natural  rainbow,  will  evidently  be  separated  by 
twice  the  altitude  of  the  sun.  In  this  waj',  how- 
ever, the  whole  new  bow  may  take  all  kinds  of  po- 
sitions with  respect  to  the  ordinary  one— cutting 
it,  lying  between  the  primary  and  secondary,  &c. 
If  the  sheet  of  water  be  very  small,  this  rainbow 
by  reflection  must  be  itself  very  incomplete,  and 
the  arc  itself  will  appear  rather  in  fragments  of 
luminous  sky.  If  the  sun  be  near  the  horizon, 
and  the  reflecting  water  slightly  agitated,  the 
top  part  of  this  bow  of  reflection  disappears,  and 
the  sides  appear  like  vertical  columns,  tangents  to 
'the  ordinars'  arcs.  The  image  of  the  sun  by  re- 
flection is,  therefore,  much  lengthened  out  ver- 
tically ;  the  bow  by  reflection  is  the  envelope  of 
a  series  of  primary  bows  having  their  centre  in 
the  sun's  vertical,  which,  in  the  culminating  part, 
separate  from  one  another,  and  by  the  diffuse 
light  produce  the  invisibiUty  of  which  we  spealc. 
When  a  rainbow  forms  on  a  mist  it  is  white  and 
colourless,  or  at  most  with  a  slight  reddish  edg- 
ing. Further,  the  radius  of  the  bow  is  less  by 
from  0°  to  0°  than  the  ordinary  rainbow.  Bravais 
shows  the  phenomenon  to  arise  from  the  fact  that 
the  spherical  drops  are  hollow,  the  rainbow  be- 
ginning to  show  itself  at  all  when  the  ratio  of 
the  outer  to  the  inner  diameter  is  not  less  than 
1"38:  the  radius  will  then  be  about  34°.  As 
the  proportion  increases  to  1'43  the  radius  in- 
creases to  39°-  20',  and  there  begins  to  be  a  slight 
reddish  fringe  at  the  edges.  When  the  ratio  has 
reached  1-55  the  hollow  drop  produces  all  the 
effects  of  the  solid  drop. — It  remains  only  to 
discuss  the  supernumerary  arcs  which  we  have 
spoken  of — bands  red  and  green  alternately  which 
border  the  interior  of  the  arc  of  the  first  order. 
The  arcs  are  not  always  seen,  and  vary  in 
number  and  character.  Yomig  has  shown  them 
to  be  a  result  of  interference,  for  which  tiie  drops 
must  have  sensibly  the  same  diameter; — it  is 
due  to  the  rays  near  the  efficacious  rays  of 
the  rainbow,  which  traverse  tiie  drop  in  such 
directions,  that  their  deviation  ditl'ers  from  the 
minimum  deviation.  For  every  deviation  a 
little  above  tiiat,  there  are  two  distinct  rays, 
the  one  with  incidence  a  little  greater  than  that 
which  gives  the  minimum  of  deviation,  and 
the  other  with  incidence  a  little  smaller.  These 
rays  having  routes  slightly  unequal,  may  inter- 
fere and  produce  alteniations  of  light  and  dark 
in  tlie  colour  answcruig  to  these  rays.  The 
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fringes  which  result  from  these  interferences  for 
all  the  colours  are  superimposed  in  the  sky ;  and 
bands  analogous  to  those  in  the  coloured  rings  of 
thin  plates  result.  Space  compels  us  to  refer  for 
detailed  experiments,  and  explanations  of  these 
supernumerary  bands,  and  of  much  of  the  whole 
theory  and  history  of  the  subject,  to  an  article 
by  Bravais,  in  the  Anuaire  Meteorologique  for 
1849;  and  to  the  Graphical  Representations  of 
Engel  and  Schellbach,  of  which  we  have  spoken. 

Rain-Crauge,  or  Pluviometer.  An  in- 
strument whose  object  it  is  to  measure  the  depths 
of  rain  falling  within  certain  intervals  on  the 
earth's  surface,  at  the  locality  where  it  is  placed. 
No  meteorological  instrument,  generally  speak- 
ing, is  so  imperfect  and  little  trustworthy  as  rain- 
gauges  in  general.  The  simplest  form  is  the 
best ;  nor  can  a  better  be  devised  than  that  sug- 
gested by  the  Rev.  Professor  Fleming,  of  Edin- 
burgh. It  consists  simply  of  a  cup  or  receiver, 
whose  opening  should  be  flush  with  the  soil's  sur- 
face, and  which  by  a  funnel  delivers  the  rain 
into  a  jar  below.  The  liquid  can  at  any  time 
be  jjoured  into  a  graduated  vessel,  and  mea- 
sured ;  or  the  jar  itself  may  be  graduated.  ThiS 
arrangement,  which  costs  only  a  few  shillings, 
is  superior,  in  point  of  accuracy,  to  every  com- 
plex apparatus  that  men  of  over-ingenuity  have 
from  time  to  time  proposed.  The  right  placing 
<jf  the  rain-gauge  is  of  paramount  consequence. 
The  writer  of  this  has  seen  one  on  the  top  of  a 
pavilion  or  tent  roof,  and  across  which  any  cur- 
rent of  air  whatever — necessarily  deflected  by  the 
roof— simply  carried  both  rain  and  snow  in  a  fine 
scientific  smrl !  The  extreme  imperfection  of 
our  knowledge  as  to  the  distribution  of  rain  is 
imquestionably  owing,  in  most  part,  to  the  imper- 
fection of  this  instrument,  and  the  careless  way 
in  which  it  is  used. 

Range.  A  technical  term  connected  with 
yunnery  and  projectiles  (q.  v.) 

Rarefaction.  The  laws  of  rarefaction  under 
increased  heat,  and  under  diminished  pressure, 
and  under  both  combined,  are  given  as  Dalton's, 
Marriotte's,  and  Amonton's  laws  in  Pneumatics. 

Ratio.  The  ratio  of  two  quantities  simply 
signifies  the  number  of  times  that  the  one  quan- 
tify is  contained  in  the  other.  Sometimes  this 
number  cannot  be  stated,  t  e.,  the  one  quantity 
is  not  contained  in  the  other  amj  definite  number 
(if  times.  The  quantities  are  then  said  to  be  m- 
romviensurable.  Euclid's  Fifth  Book  contains 
the  general  Geometrical  Doctrine  of  Ratios ;  and 
jierhaps  no  portion  of  that  remarkable  volume  is 
more  worthv  of  the  ingenuity  of  the  Greek  In- 
K'Hect  It 'is  very  clear  that  no  ratio  or  propor- 
tion can  exist  between  quantities  of  different 
Unds;  for  instance,  between  a  solid  and  a  sur- 
face, or  between  an  angle  and  a  line.  Hence 
that  general  principle  in  geometry  termed  the 
J'rinciple  of  Hmiogeneity,  A  Principle  quite  un- 
(|uestionable,  if  it  be  kept  in  view  that  in  Func- 
tional Equations  between  magnitudes  of  appa 
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rently  different  classes,  constants  may  exist  that 
convert,  by  their  presence,  magnitudes  apparently 
heterogeneous  into  Ratios. 

Ratio  Harmonic :  Harmonic  Pencilx  : 
Aiiiiarmonic  Ratio.  The  foregoing  termri 
have  now  acquired  so  important  a  significance  in 
the  Modern  Geometry,  that  an  exact  definition 
of  them  is  necessary  here.  (1.)  In  Arithmetical 
proportion  the  diflferences  of  any  two  consecutive 
terms  are  equal.  In  Geometrical  proportion,  the 
quotients  of  two  consecutive  terms  are  the  con- 
stants. The  nature  of  Harmonic  proportion  Ls 
as  follows: — Let  the  line  ab  be  cut  internally 


Fig.  1. 

at  o  and  externally  at  o',  so  that 

A  o  :  B  o  =  A  o'  :  B  o', 

it  is  said  to  be  cut  harmonically :  o  o'  is  an  har- 
monic  mean  between  a  o'  and  b  o';  and  if  A  b  be 
supposed  invariable,  while  o  and  o'  change,  these 
two  points  are  named  harmonic  conjugates — A 
Harmonic  Pencil  is  this:  from  any  point,  o,  let 
four  straight  lines  be  drawn  cuttmg  the  line  a  d 
harmonically,  or  so  that 

AD:DC  =  AB:BC. 


It  may 
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Fig.  2. 

These  four  lines  are  an  harmonic  pencil 
easily  be  proved  that  they  will  also 
cut  harmonically  any  other  trans- 
versal line,  such  as  a' d' — Ratio 
Anharmonic.  If  four  fixed  right 
lines  V  A,  V  B,  V  c,  V  D  be  drawn 
from  the  same  point,  and  any  trans- 
verse right  line  a  D  be  cut  by  them 
in  foiu-  points  A,  B,  c,  d,  the  ratio 
of  the  rectangle  a  d  •  b  c  to  the 
rectangle  a  b  -  c  d  is  constant. 
(This  ratio  is  called  ihcanhaimonic 
ratio  of  the  four  points  A,  B,  C,  D.) 
For,  through  c  draw  m  n  parallel 
to  A  V ;  then,  a  d  .  b  c  :  a  b  • 
(BC  :  ab\.  Jmo  ;  av). 
^  ^  =  •  |ad  :  cdI  ■  ■  (ay  :  CNi 
:  :  Ji  c  c  n;  but  this  last  ratio 
remains  constant  when  the  point 
c  changes  its  position  along  the 
line  V  c;  the  proposition  is  there- 
fore proved.  When  the  transversal 
coincides  with  si  N,  a  b  and  a  n 
become  infinite,  and  are  in  a  ratio 
of  equalitv,  and  therefore  A  d  .  b  c 
:  a  1!  •  c  1)  :  :  B  c :  c  D : :  31  c :  c  K,  as  before. 


Fig.  3. 


If 
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the  transverse  line  be  drawn  through  c,  so  as  to 
intersect  A  v  produced  through  v,  we  shall  still 
tiiid  that  a' d'  .  c/  b'  :  a'  b'  .  0  d'  :  ;  M  c  :  c  N: 
and  if  c  moves  along  v  c  into  any  other  posi- 
tion c",  we  shall  have  for  aay  line  such  as  a"  b", 
A  d"  .  b"  c"  :  a"  b"  .  c"  d"  :  :  a  d  .  b  c  :  a  b  . 
(■  D.  From  the  last  remark  it  immediately  fol- 
lows that,  if  the  Jour  given  lines  he  all  -prodMced 
tlirough  v,  the  ratio  of  the  rectangles  under  the 
fegments  of  any  transversal  cutting  them  in 
any  way  icill  always  he  the  same,  the  rectangles 
being  written  as  above,  and  the  same  letters  A,  b,  c, 
>r  D,  being  used  to  represent  a  point  anywhere 
'ling  the  whale  extent  of  me  and  the  same  right 
'I'ne.  In  other  words,  the  anharmonic  ratio  of 
the  four  points  on  the  transversal  will  remain 
constant.  The  right  lines  meeting  in  a  point 
are  said  to  form  a  pencil;  and  the  constant 
ratio  above-mentioned  is  called  the  anharmonic 
ratio  of  the  pencil.  This  may  be  expressed 
jy  the  notation  v  .  a  b  c  d,  v  being  the 
rertex  of  the  pencil.  It  is  evident  that,  ^  two 
lencils  cross  the  same  right  line  in  the  same  four 
joints,  the  anharmonic  ratios  of  the  pencils  are 
"[ual,  both  being  equal  to  that  of  the  four  points. 
It  is  also  evident,  that  if  the  angles  contained  by 
orresponding  legs  of  two  pencils  be  equal,  the 
lencils  have  the  same  anharmonic  ratio.  The 
iieat  importance  of  the  anharmonic  properties  of 
I  pencil  was  first  indicated  by  Chasles  in  the 
N'otes  to  his  Aper<^  Historique.  The  principle 
tself  is  given  in  the  Math.  Col.  of  Pappus,  b.  vii., 
jrop.  129. 

SSatios,  Prime  ami  Ultimate. — The  terms 
-\hich  Newton  employed  to  denote  the  fiinda- 
nental  and  elementary  notion  of  limits,  alreadv 
'xplained.  See  Limit.  The  ultimate  ratio  of 
\vo  infinitesimals  is  that  to  which  the  prime  or 
■cal  ratio  of  any  two  of  them  continually  approxi- 
nates  the  smaller  they  become,  beyond  which, 
lowever,  they  in  no  case  pass.  The  notion  of 
imits  is  nearly  the  same ;  and  as  this  term  is 
nnre  simple,  it  is  commonly  employed. 

Rays.  If  any  physical  influence,  such  as 
'Aght  or  Heat,  is  propagated  along  straight  lines 
-^uing  from  a  central  point,  it  is  said  to  be  pro- 
I'^'ated  along  Rays.  The  significance  of  the 
'xm  has  recently  been  extended.  In  its  most 
coneral  sense  it  means  any  group  of  straight 
ines  drawn  from  a  fixed  centre,  and  whether 
liey  are  contained  within  the  same  piano  or 
•tber^vise.  In  this  very  general  meaning  it  is 
low  frequently  employed  in  geometry. 

Reaction.  Action  and  reaction  are  equal 
■ad  opposite.  Thus,  when  a  pistol  is  fired,  there 
i  a  bacic  effect  upon  the  pistol  identically  equal 
0  that  upon  the  bullet. 

Renfliii^  I?li<:ro«icope.  See  Microscopb 
nd  CiRCLKS. 

Bieniiinur.  For  a  description  of  the  ther- 
noineter  so  named,  see  Faiiuic.mieit. 

Rcceirei'.  The  vessel  from  which  the  air 
■i  exhausted  in  an  air  pump. 
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Recii>rocnI«.  By  means  of  the  theorj'  of 
polars,  already  explained,  every  proposition  be- 
comes, as  it  were,  double ;  that  is,  it  leads  im- 
mediately to  another,  called  its  reciprocal.  The 
process  by  which  one  proposition  is  thus  de- 
duced from  another  is  called  reciprocation.  The 
propriety  of  the  name,  as  well  as  the  general  na- 
ture of  the  process  itself,  will  be  understood  from 
an  example  :  but  the  complete  power  and  extent 
of  the  method  can  only  be  appreciated  through  its 
applications  to  the  higher  departments  of  geo- 
metry. -Suppose  it  were  required  to  find  the  re- 
ciprocal of  Pascal's  theorem  ;  viz.,  if  a  hexagon 
be  inscribed  in  a  circle,  the  intersections  of  the 

opposite  sides  are  three  points  in  one  right  line  

Draw  tangents  at  the  six  vertices  of  the  inscribed 
hexagon  ;  by  this  means  a  cii-cumscribed  hexa- 
gon is  formed,  whose  three  diagonals  (that  is, 
lines  joining  opposite  angles)  are  the  polars  of 


the  points  of  intersection  of  the  opposite  sides 
of  the  mscribed  hexagon ;  for  instance,  c'  f'  is 
the  polar  of  o.  Now,  as  the  three  points  of 
intersection  are  in  one  right  line,  their  polars 
pass  through  one  point.  Hence  we  have  Brian- 
chon's  theorem,  "  The  lines  joining  the  op- 
posite angles  of  a  hexagon  circumscribed  to 
a  circle,  meet  in  one  point." — If  we  examine 
this  process,  it  will  be  seen  that  we  have  con- 
structed a  new  figure  (the  circumscribed  hexa- 
gon, and  its  three  diagonals),  each  line  in  which 
has  for  its  pole,  in  respect  to  the  given  ckcle,  a 
corresponding  pomt  in  the  original  figure,  the 
tangents  having  for  poles  the  points  of  contact. 
It  will  also  be  seen  that  the  original  figure  stands 
in  exactly  the  same  relation  to  the  new  one.  The 
two  figures  are,  therefore,  properly  called  polar 
reciprocals ;  and  the  same  name  is  applied  to  ex- 
press the  relation  between  tlieir  properties.  Pas- 
cal's and  Brianchon's  theorems  arc,  then,  mutu- 
ally polar ;  and  either  being  proved,  the  other 
foUows  as  a  matter  of  course. 

Reflexion  anil  Refraction.  Terms  which 
m  their  original  significance  as  applied  to  Light' 
comprehended  nothing  beyond  that  ancient  Lavv 
of  the  Equality  of  the  angles  of  Incidence  and 
liellexiou,  and  that  no  less  important  Law  of 


I 
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Snell,  whose  practical  applications  constitute  the 
two  subjects  of  Catoptrics  and  Dioptrics.  But 
circumstances  have  changed.  We  have  explained 
under  Light,  in  what  manner  the  tioo  phenomena 
— tlie  existence  and  direction  of  a  reflected  raj', 

and  the  existence  anddirectionof  a  refracted  ray  

necessarily  occur  when  a  wave  of  Light  impinges 
upon  the  surface  of  a  transparent  body.  These 
two  rays  indeed  arise  from  the  resolution  of  the 
incident  undulation  into  two  others  :  and  it  thus 
has  become  a  rational  mathematical  inquiry — not 
merely  what  are  the  directions  of  these  rays,  but 
also  what  are  iheir  intensities  ?  The  problem  was 
first  undertaken  bj'  Fresnel,  and  solved  by  him 
so  satisfactorily,  that  all  the  empirical  Laws  of 
Brewster  and  Mains  follow  fi-om  his  formulae  as 
a  matter  of  course.  While  explaining  the  process 
of  Fresnel,  Mr.  Airy  in  his  treatise  on  the  Un- 
dulatory  Theory,  has  sufficiently  indicated  that 
its  foundations  are  not  unaffected  by  a  certain 
indefiniteness  and  obscurity;  and  the  subsequent 
progress  of  experiment  has  unfolded  truths  which 
these  formulae  do  not  wholly  reach. — In  attempt- 
ing to  lay  before  the  reader  something  of  the 
present  state  of  the  subject,  we  shall  confine  his 
attention  to  the  Reflexion  of  Polarized 
Light;  nor  by  adapting  this  restriction,  shall  we 
be  placed  under  the  necessity  of  omitting  notice 
of  any  important  principle  connected  with  the 
general  inquiry.  A  very  slight  consideration  in- 
deed may  convince  us,  that  if  such  problems  are 
carefully  solved  with  regard  to  polarized  Light, 
they  may  be  held  as  solved  universally.  The  ray 
of  ordinary  Light,  as  we  have  abeady  said,  must 
be  accounted  a  wave  of  transversal  oscillation — 
the  oscillations  being  such  that  no  side  of  the  wave 
can  manifest  any  peculiarity.  Now,  a  set  of 
oscillations  of  this  sort,  whatever  they  are,  may  be 
resolved  into  two  rectangular  and  symmetrical 
plane  oscillations.  For  instance,  if  the  dotted 
line  below  be  the  transverse  section  of  an  ordi- 
nary wave,  all  its  undulations  may  be  represented 
by  a  system  of  oscillations  in  the  plane  A  b,  and 
a  corresponding  system  at  right  angles  to  the 
former  m  the  plane  o  D.  But  as  these  two  sys- 
^  terns  really  consti- 

tute two  equal  and 
rectangular  plane- 
polarized  waves,  it 
follows  that  if  we 
have  traced  the 
changes  impressed 
on  polarized  waves 
by  any  circumstan- 
ces, Ave  may  deduce 
the  changes  to  which, 
under  the  same  cir- 
cumstances, a  ray  of  common  light  would  be 
sulijcct. — It  is  further  manifest,  that  as  a  ray 
polarized  in  any  other  azimuth  age,  m.ay 
have  its  vibrations  resolved  into  a  set  of  vibra- 
tions along  A  n,  and  another  along  c  d,  the 
inquiry  on  which  we  are  entering  altogether 
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resolves  itself  into  consideration  of  the  habi- 
tudes of  two  plane -polarized  rays  of  azi- 
muths 0°  and  90°.  Further,  in  the  case  of  com- 
mon light,  the  two  sets  of  vibrations  must  be 
mechanically  equivalent,— j.  e.,  if  the  uitensity 
of  the  incident  wave  be  1,  each  of  the  two 
sets  of  vibrations  into  which  it  is  resolved 
must  be  ^ — These  preliminary  remarks  will 
make  our  subsequent  investigations  abundantly 
clear. 

Kcflexion  of  Polarized  liight.  This 
subject  naturally  divides  itself  into  two  parts. 

(1.)  Laws  of  Polarization  hy  Reflexion  from 
the  Surfaces  of  Transparent  Uncrystalline  Bodies. 
— The  relations  between  such  reflexions  and  polar- 
ization, according  to  Brewster's  empirical  Laws 
and  Fresnel's  theory,  are  the  followmg : — First, 
when  a  beam  of  ordinary  light  falls  upon  an  un- 
crystalline transparent  surface,  there  is  a  certain 
angle  of  incidence  which  gives  a  reflected  beam 
wholly  polarized,  and  the  index  of  refraction 
peculiar  to  the  substance  is  the  tangent  of  that 
angle.  Secondly,  if  a  unit  of  light  polarized  in 
the  plane  of  incidence  be  reflected  from  such  a 
surface  as  the  foregoing,  the  intensity  of  the  re- 
flected beam  will  be  measured  by  the  square  of 
the  fraction, — 

^^sin(.--r) 

sin     +  r)  ^  ' 

And  if  the  incident  unit  be  polarized  in  a  plane 
perpendicular  to  the  plane  of  incidence,  the  ui- 
tensity of  the  reflected  light  will  be  measured  by 
the  square  of  the  fraction 


I' 


(2) 


tan  (i  —  r) 
tan  (i  -|-  r) 

From  which  expressions  it  follows,  that  if  a  beam 
of  light  be  polarized  at  an  azimuth  a  with  the 
plane  of  incidence,  and  if  a'  be  the  azimuth  of  the 
polarization  of  the  reflected  beam,  we  have 

"    ,      ,      ,         cos  (1  -f  r) 
tan  A  =  tan  A  ,  \ — ■ — - 


cos  (1  —  r) 


whence 


tan  A      cos  fl  —  r'\ 

Q  =  /  =  -'  > 

tan  A      cos  (1  -\-  r) 


(3.) 


In  other  words,  Q  must  be  a  constant  quantify 
in  all  cases,  if  Fresnel's  laws  be  strictly  true. — 
These  formulaj  of  Fresnel's,  as  already  said,  di- 
rectly yield  Sir  David  Brewster's  empirical  law ; 
and  "if  they  are  strictly  correct  that  law  should 
hold  universally,  varying  with  diftercnt  snb- 
stanccs,  simply  in  accordance  with  their  refnic- 
tive  index.    In  the  foregoing  formuhe,  i  and  r, 

are  the  angles  of  incidence  and  refraction.  

As  pointed  out  by  the  Rev.  Jlr.  Haughton,  there 
is  an  easy  means  of  verifying  these  formuLT,  or 
of  ascertaining  whether  they  strictly  represent 
the  phenomena.  For  instance,  we  deduce  from 
formula  (3.) 
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Q  —  1  . 
tan  r  =  ~  cot 


and  ft  = 


Q  + 
sin  i 

sia  r 


Now,  as  the  azimuths  of  an  incident  and  reflected 
polarized  beam  a  and  a'  can  be  detected  in  any 
case  by  suitable  experiment,  and  as  ft,  the  index 
of  refraction  of  the  reflecting  surface,  is  rigorously 
determinable  by  the  well-known  means,  there  is 
no  difficulty  in  the  way  of  ascertaining  whether 
Q  is  constant,  and  ^,  as  thus  estimated,  corre- 
sponds with  the  true  refracting  index  and  is  also 
constant.  The  following  table  represents  one  set  of 
careful  experiments  made  by  Mr.  Haughton : — 

Incidence  39°  22'. 


A 

A' 

Q 

15° 

7°  15' 

2-106 

1-593 

30 

14  24 

2-249 

1-495 

45 

22  45 

2-385 

1421 

60 

35  39 

2-415 

1-407 

75 

56  0 

2-517 

1-363 

The  true  value  of  ft.  in  the  case  in  question  was 
1-6229.  Now,  not  only  is  Q  not  constant,  and 
ft.  neither  accurate  in  amount  nor  constant,  but 
it  is  quite  clear  that  the  differences  are  not  attri- 
butable to  errors  of  observation,  inasmuch  as  q 
and  fi  both  vary  according  to  some  law.  But 
the  fact  that  the  view  of  reflexion  originally  en- 
tertained must  be  incomplete,  was  previously 
established  by  many  separate  experiments.  The 
phenomena  of  metallic  reflexion,  indeed  (dis- 
cassed  below),  had  long  been  familiar,  but  they 
were  disposed  of  by  being  unceremoniously  thrust 
out  of  the  field,  or  considered  a  separate  and  pe- 
culiar class ;  but  for  years  it  had  been  recognized 
besides,  that  there  were  several  transparent  or 
translucid  substances,  for  which  no  angle  of  com- 
plete polarization  existed.  The  discoverers  in  this 
direction  were  Biot,  Sir  John  Herschel,  and  Sir 
David  Brewster;  but  it  is  due  to  Mr.  Dale  of 
Cambridge,  to  name  him  as  the  first  inquirer  in 
this  country,  who,  by  continuous  and  systematic 
labour,  called  the  attention  of  physicists  to  the 
subject.  He  succeeded  in  demonstrating  that 
there  is  no  angle  of  complete  polarization  in  the 
case  of  the  following  substances : — indigo ;  arti- 
ficial realgar ;  the  diamond ;  transparent  crystals 
»f  sulphate  of  zinc;  translucent  glass  of  anti- 
mony ;  sulphur  that  had  been  poured  melted  on 
polished  zinc ;  transparent  tungstate  of  lime;  car- 
bonate of  lead  in  transparent  crystals,  limpid  as 
glass;  translucid  zircon;  arsenious  acid;  ido- 
crase;  helvine;  labrador;  hornblende.  And  Mr. 
Dale  did  not  rest  with  mere  isolated  experiments. 
Arranging  these  substances  in  the  order  of  their 
departure  from  the  previously  known  laws  of 
polarization,  he  found  that  this  order  of  departure 
bore  clear  relation  to  the  rcfrinrjency  of  the  re- 
Jlecting  substances.  The  deviations  in  this  case, 
therefore,  appear  a.s  clearly  to  follow  a  law,  as  the 
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deviations  of  Q  and  ^  in  the  table  g^ven  above ; 
so  that  both  sets  of  circumstances  indicate  not  only 
the  incompleteness  of  Fresnel's  theory  of  reflexion, 
but  what  is  of  much  more  importance,  that  the 
formulae  yielded  by  the  complete  theory  will 
probably  differ  from  Fresnel's  formulae  in  this 
— they  will  contain  co- efficients  depending  on 
the  magnitude  of  the  index  of  refraction,  and 
which  will  be  extremeh'  small,  unless  when  that 
index  is  large.  Nay,  it  seemed  not  improbable 
that  no  substance  could  be  found  capable  of  polar- 
izing light  into  a  plane  under  any  angle  with 
absolute  exactness;  the  reflected  ray  appearing 
plane-polarized,  merely  because  the  other  portion 
of  the  light  is  in  certain  circumstances  too  small 
to  aflTect  the  eye.  Should  this  turn  out  correct, 
the  general  phenomenon  might  be  a  case  of  elliptic 
polarization — that  most  probable  of  all  forms  (see 
Polarization)  —  the  rario  of  the  axes  being 
some  function  alike  of  the  angle  of  incidence  and 

the  refringency  of  the  substance.  All  doubts, 

however,  regarding  these  facts  and  the  laws  of 
this  interesting  department  of  physical  optics, 
have  been  finally  set  at  rest,  hy  the  recent  ela- 
borate and  most  successful  researches  of  M.  Jamin. 
In  his  two  memoirs  in  the  Annales  de  Chimie,  for 
1850  and  1851,  he  has  exposed  the  results  of  a 
scrutiny  on  a  hundred  different  reflecting  trans- 
parent substances,  solid  and  liquid.  The  nature 
of  M.  Jamin's  experimental  method  we  have  no 
room  to  detail,  but  the  theoretical  principle  at  its 
foundation  was,  that  elliptic,  circular,  or  recti- 
lineal polarization  would  ensue  according  to  the 
phase  in  which  the  two  constituent  reflected 
plane-polarized  rays  meet  after  reflexion ; — a 
truth  already  fully  explained  under  Polariza- 
tion.   The  following  are  M.  Jamin's  results: — 

1.  Almost  aU  solid  substances  polarize  light 
imperfectly  by  reflexion :  meanmg  that  they  do 
not  convert  a  common  ray  of  light  at  any  angle 
of  incidence,  into  a  purely  plane-polarized  ray — 

2.  They  transform  an  incident  plane -polarized 
beam  of  a  given  azimuth,  into  a  beam  elliptically 
polarized. — 3.  If  the  incident  plane- polarized 
beam  be  resolved  into  its  two  components,  and  in 
perpendicular  to  the  plane  of  incidence,  the  dif- 
ference of  phase  in  the  reflected  components  will 
be  180°,  270°,  3G0°,  at  the  perpendicular,  prin- 
cipal and  grazing  incidences  respectively. — 4. 
That  the  laws  of  reflexion  depend  on  tmo  con- 
stants, one,  the  index  of  refraction  (known  to 
Fresnel),  and  the  other  (omitted  by  Fresnel), 
the  co-ejicient  of  ellipticity  arising  from  the  re- 
flective power  of  the  body. — 5.  All  substances 
whose  index  of  refraction  is  greater  than 
accelerate  the  phase  of  the  component  in  the 
plane  of  incidence. — 6.  All  substances  whose  in- 
dex of  refraction  is  less  than  1-46  retard  the 
phase  of  tlie  component  in  the  plane  of  incidence. 
— 7.  All  substances  whoso  index  of  refraction  is 
sensibly  equal  to  l-dO,  polarize  the  reflected  light 
rectiiineally,  and  obey  Fresnel's  and  Brewster's 
Laws. — These  experimental  deductions  include 
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everj'  known  fact,  and  tbey  may  be  termed  final. 
Mr.  Haugliton  of  Dublin  has  offered  an  admir- 
able memoir  in  supplement,  in  which  he  inves- 
tii^ates  the  position  of  the  major  axis  of  the 
elTiptically  polarized  beam,  and  tabulates  the 
ratio  of  the  axes  of  the  ellipse  for  different  con- 
ditions of  incidence  and  azimuth  of  incident  plane - 
polarized  light.  See  Phil.  Magazine  for  Decem- 
ber, 1854,  in  which  Mr.  Haughton  has  evolved 
several   extremely  interesting  and  important 

secondaiy  Laws.  The  question  remains,  in 

how  far  pure  theory  can  account  for  the  novel 
aspect  thus  assumed  by  the  phenomena.  The 
reply  is  in  the  highest  degree  satisfactory.  _  It 
must  be  stated  of  an  inquirer  of  gi-eat  genius, 
Mr.  Green,  that  he  has  given,  in  the  seventh 
A-olume  of  the  Transactions  of  the  Cambridge 
Society,  formula},  deduced  from  theoretical  con- 
siderations, that  meet  the  whole  case— evidently 
without  knowledge  of  the  labours  m  the  same 
direction  of  any  other  Analyst.    But  while  this 
is  cheerfully  conceded  to  a  man  far  too  little  ap- 
jiieciated,  and  whose  grasp  over  physical  Laws 
has  been  surpassed  in  the  case  of  few  recent  Eng- 
lishmen, it  is  nevertheless  impossible  to  withhold 
the  honom-  of  having  surveyed  and  soimded  the 
■whole  of  this  subject,  from  that  remarkable  French 
geometer,  M.  Cauchy.    In  1838,  Cauchy  com- 
municated to  the  Institute,  with  an  account  of 
the  grounds  on  which  they  rest,  formulae  of  which 
Fresnel's  are  only  a  limited  case,  and  which  are 
so  correct  and  simple,  that  one  might  imagine 
them  to  have  been  deduced  empirically  from 
Jamin's  elaborate  experiments.    Reference  will 
again  be  made  to  the  achievements  of  Cauchy 
under  Undulatory  Theory.    Meanwhile  we 
may  be  permitted  to  express  a  regret  that  the 
general  and  verj'  lucid  account  he  has  hmiself 
given  of  them  in  volumes  vii.,  ^^ii.,  and  ix.  of  the 
Comptes  Rendus,  has  not  been  fully  brought  be- 
fore the  English  student. 

(2.)  Metallic  Reflexion.— Vrevious  to  that  dis- 
covery of  the  exceptional  facts  in  the  case  of 
transparent  bodies  wliich  issued  so  happily.  Sir 
David  Brewster  liad  detected  the  wholly  ano- 
malous character  of  reflexion  from  IMetallic  sur- 
faces, in  its  bearings  on  the  change  indicated  by 
the  term  polarization.  The  following  proposi- 
tions were  laid  down  by  him  as  satisfactorily 

established  1.  If  a  beam  of  natural  light  falls 

on  a  metallic  mirror,  it  is  not  polarized  by  re- 
flexion at  any  incidence,  but  always  presents  the 
ai)nearance  of  a  partially  polarized  ray.  Never- 
tiieless  tliere  is  a  particular  incidence  for  which 
the  polarized  portion  of  the  light  ia  a  maxnnum. 
(This  proposition  is  plainly  tantamount  to  say- 
ing, tliat  the  light  reflected  from  metallic  sur- 
faces is  elliplically  polarized;  that  the  ratio  of 
the  axes  of  tlie  ellipse  varies  with  the  ang  c  ot 
incidence;  and  that  there  is  an  angle  at  winch 
that  ratio  is  a  minimum.  It  thus  enters  easily 
as  a  case  of  that  general  phenomenon  to  which 
reflexion  from  transparent  bodies  also  belongs. 
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For  the  exact  law  of  the  changes  of  the  ratio 
of  the  axes,  see  the  memoir  by  Mr.  Haughton, 
already  quoted).— 2.  If  a  ray  polarized  in  azi- 
muths 0°  or  90°  be  reflected  from  a  metal  any 
number  of  times,  it  alwaysremains  polarized  in  the 
same  plane  after  reflexion.— 3.  Every  ray  which, 
polarized  before  reflexion,  is  plane- polarized  in 
any  other  azimuth,  loses  its  plane-polarization 
after  it  has  undergone  the  action  of  the  metal. 
(It  becomes  elliptically  polarized). — i.  When 
plane-polarized  light  is  reflected  any  number  of 
times  from  parallel  metallic  miiTors,  at  the  inci- 
dence of  maximum  polarization,  the  polarization 
is  restored  after  an  even  number  of  reflections — 5. 
Finally,  the  reflected  beam  becomes  again  polar- 
ized after  an  even  or  uneven  number  of  reflexions, 
under  a  great  number  of  incidences,  determined 
by  laws  which  remain  to  be  found.  This 


subject  of  Metallic  Reflexion  was  the  first  that 
occupied  the  attention  of  M.  Jamin.  The  careful 
student  wiU  readily  detect  that  there  is  much 
entirely  in  common  between  this  class  of  pheno- 
mena and  the  class  relatmg  to  transparent  bodies. 
M.  Jamin  found  the  key  to  the  proposition  re- 
garding depolarization,  likewise  as  before  in  the 
alteration  of  phase  resulting  after  reflexion^  in 
the  two  rays  polarized  in  azimuths  0  and  90°, — 
into  which  two  any  ray  plane-polarized  at  other 
azimuths  can  be  resolved.    This  alteration  of 
phase  will  produce,  generally,  an  elliptic  polar- 
ization ;  and  the  pre^dous  plane-polarization  mil 
evidently  be  restored  after  as  many  reflexions  as 
shall  make  the  retardation  of  phase  amount  to 
an  entire  vibration.    Not  a  shade  of  mystery,  m 
fact,  now  rests  on  the  subject;  and  every  con- 
clusion of  Jamin's  experiments,  in  this  instance 
also,  finds  its  counterpart  in  Cauchy's  formulae. 
The  original  memoir  of  Jamin  is  given  m  part 
17th  of  Taylor's  Repertory.— J amm  concludes 
his  memoir  by  researches,  and  a  satisfactory  solu- 
tion of  the  colour  of  metallic  surfaces  in  various 
cu-cumstances.    We  regret  we  have  nothing 
more  in  our  power  than  to  refer  the  reader  to 
the  original  dissertation.  It  is  scarcely  neces- 
sary to  draw  attention  to  the  fact,  that,  m  the 
phenomena  of  Reflexion,  we  have  another  sin- 
gular instance  of  the  grasp  of  the  Undulatoiy 
Theory  of  Light.    The  formulaj  of  Cauchy  were 
evolved  long  prior  to  the  discovery  of  the  facts; 
vet  although  these  facts  as  they  gradually  came 
up,  appeared  anomalous  as  Avell  as  intricate,  we 
have  found  the  Law  of  them  all,  in  the  deductions 
or  even  previsions  of  the  Analyst.  See  Appbnuix, 
article  Phase. 

Kcllcxion  Total.  When  a  ray  enters  from 
a  rare  into  a  dense  medium,  tiie  ray  within  Uie 
new  medium  is  nearer  the  perpendicular  through 
the  point  of  incidence  than  the  incident  ray ;  ana 
when  a  rav  passes  from  a  dense  into  a  rare 
medium  the  reverse  holds.  It  will  readily  appear 
that,  in  the  latter  case,  as  the  angle  of  the  in- 
trant ray  with  the  pciTcndicular,  increases,  tlie 
angle  of  the  emitted  ray  wUl  come  to  comciile 
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■  witli  the  horizontal  line ;  and  that  if  the  former 
;  aiifule  is  fiirther  augmented,  there  \vill  be  no 
t  emitted  ray  at  all,  but  one  bent  back  within  the 
.  dense  medium.  In  other  words,  the  whole  ray 
i  is  reflected  at  the  second  surface  of  the  medium 

 a  phenomenon  named  total  reflection.  This 

i  fact  has  many  important  practical  applications. 
1  For  instance,  if  one  desires  to  alter  the  direc- 
t  tion  of  a  ray  of  light,  it  may  be  done  by  use 
i  of  tiiis  principle  of  total  reflection,  with  scarcely 
.  any  loss  of  light.  The  same  change  of  direction 
.  could  not  be  effected  by  means  of  a  metallic 
:  mirror  without  a  considerable  loss  of  light.  Hence 
:  the  great  value  of  prisms  of  total  reflection  in 
;  Newtonian  reflecting  telescopes. 

Refi-acUon.  The  Law  of  the  direction  of  the 
r  refracted  ray,  in  cases  of  single  or  simple  refrac- 
:  tion,  has  already  been  fully  stated;  and,  in  various 
i  articles,  the  applications  of  that  law  have  been  un- 
1"  folded.  The  relations  of  this  phenomenon  with  the 
;  phenomenon  of  Reflexion,  as  regarded  by  the  Un- 
!  dulatory  Theorj-,  have  also  been  explained.  In- 
iqiiiries  remam — sufliciently  interesting  — respect- 
iiing  the  intensity,  &c.,  of  the  refracted  ray.  The 
1^  principles  at  theu-  root,  however,  are  similar  to 
li those  unfolded  in  the  previous  article;  on  which 
.1  account  as  well  as  our  want  of  space,  we  must 
nrefer  the  reader,  desirous  to  pursue  the  subject, 
I' to  systematic  treatises  on  Physical  Optics,— re- 
■istricting  ourselves  here  to  a  notice  of  the  more 
riremarkable  manifestations  by  Crystalline  bodies 
wwhen  employed  as  refringent  substances. 

I.  Refraction  Double.  This  curious  sub- 
jtject  is  divisible  into  three  parts. 

(1.)  The  Phenomena. — We  have  explained 
u  under  Mineralogy  Optical,  that  there  are  three 
-.•great  classes  of  crj'stals.  The  first,  or  those  whose 
!  fundamental  form  is  the  cube,  have  one  mathe- 
matical axis ;  or  rather  their  three  rectangular 
..:axes  of  form,  are  all  equal:  The  second,  the 
rirhombohedral  and  pyramidal  systems,  in  which 
^'■two  of  the  rectangular  axes  of  form  are  unequal: 
-WVnd  the  third,  belonging  to  one  or  other  of  the  pris- 
inmatic  systems,  in  which  these  three  rectangular 
f -axes  of  form  are  all  unequal.    It  was  mainly  to 
'  the  unceasing  industry  and  acuteness  of  Sir 
I'David  Brewster  that  science  owed  the  discovery 
of  the  intimate  connection  between  this  classifica- 
tion of  crystalline  forms,  and  the  phenomena  of 
double  refraction.     Crystals,  of  the  first  class 
whose  three  axes  are  equal,  yield  no  double 
linage:  they  act  as  simple  transparent  bodies,  and 
■produce  one  refracted  ray.    Both  of  the  other 
classes  yield  two  images,  only  in  quite  different 
ways.    Crystals  of  the  second  form— of  which 
leeland  spar  is  the  most  availaljle  and  in- 
jtructive  specimen— act  in  the  following  manner. 
In  most  positions  of  the  crystal  with  regard  to 
:he  incident  liglit,  two  beams  arc  produced,  one 
»  which— the  ordinanj  ray— obeys  the  law  of 
snell,— e.,  it  is  in  the  same  plane  witli  the 
ncident  ray,  and  the  sine  of  the  angle  of  incidence 
Jas  to  the  sine  of  the  angle  of  refraction  a  coustant 
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ratio,  for  the  same  medium.    The  second  beam 
does  not  generally  obey  either  of  these  condi- 
tions, that  is,  it  is  not  always  in  the  plane  of  the 
incident  ray,  and  it  disregards  the  law  of  the  sines: 
this  ray  is  called  the  extraordinary  ray.    Now  in 
the  class  of  crystals  of  which  we  are  speaking 
there  is  one  line,  or  ratherone  direction,  termed  the 
optic  axis.    In  the  rhomb  of  Iceland  spar  it  is 
the  line  joining  the  opposite  obtuse  solid  angles : 
all  the  faces  of  either  extremity  making  equal 
angles  ■<Vith  this  line.   As  however  the  optic  pro- 
perties are  the  same  for  lines  passing,  in  this  same 
fashion,  through  all  elementary  and  symn  etrically 
placed  rhombohedrons,  this  optic  axis  is  mani- 
festly a  direction  in  space  and  not  a  mere  line. 
Now  if  we  polish  an  artificial  face  on  the  crystal 
perpendicular  to  this  optic  axis,  and  cause  a  ray  of 
light  to  fall  perpendiculariy  on  that  face,  there  is 
no  double  refraction— the  ordinary  ray  passes 
straight  tlirough — without  deviation,  and  the  ex- 
traordinary ray  vanishes.    For  every  other  angle 
of  incidence  there  are  two  rays ;  but  in  this  case 
the  extraordinary  ray  obeys  one-half  of  the  law 
of  simple  refraction— it  is  always  ua  the  plane  of 
incidence.    The  ratio  of  the  sines  however  in 
the  case  of  the  extraordinary  ray  is  not  constant 
for  all  incidences  :  on  the  contrary,  it  diminishes 
as  the  inclination  of  the  ray  to  the  optic  axis  in- 
creases ;  being  least  of  all"  when  the  ray  is  per- 
pendicular to  the  axis.    This  least  value  of  the 
ratio,  is  called  the  extraordinary  index.    If  a 
plane  were  cut  parallel  to  the  optic  axis,  and  a 
ray  made  to  fall  on  the  crystal  at  any  angle  in  a 
plane  perpendicular  to  that  face,  the  two  images 
would  agam  emerge  in  the  plane  of  mcidence,  and 
at  all  angles  of  mcidence  the  ratio  of  the  sines  of 
incidence  and  refraction  would,  in  both  rays,  be 
found  constant:  i.  e.,  ihe.  extraordinary  index  just 
referred  to,  in  the  case  of  the  extraorduiary  rav, 
which  thus  obeys  both  the  laws  of  ordinary  refrac- 
tion.   The  direction  of  that  ray  in  all  circum- 
stances will  be  given  in  a  subsequent  paragiapli. 
The  optic  axis  around  which  the  phenomena  of 
double  refraction  are  evidently  grouped,  is  clea:  ly 
the  axis  of  form— or  the  line  around  which  the 
whole  rhomboid  is  symmetrical.    It  would  seem 
at  first  sight  reasonable  to  suppose  that  the  elas- 
ticity of  the  crystal  is  either  greater  or  less  along 
this  line  than  along  any  others,  and  that  it  is 
equal  along  all  directions  perpendicular  to  it ;  so 
that  we  have,  at  outset,  a  significant  hint  as  to 
the  probable  cause  of  double  refraction. — Turn- 
ing now  to  crystals  of  the  prismatic  order — an 
order  comprehending  by  far  the  larger  number 
of  crystals,  we  detect  there  no  single  axis  of 
form ;  m  fact  there  is  no  single  Ime  around  which 
their  forms  are  symmetrical.    It  was  reserved 
for  Sir  David  Brewster  to  discover  that  tiie.^o 
crystals— such  as  an-agonite,  mica,  sulphate  uf 
baryles,  sulphate  of  lime,  topaz,  and  felspar— 
have  two  optic  axes,  and  are  therefore  termed 
In-axial  crystals.   These  two  optic  axes  have  rela- 
tions to  the  iucideat  and  the  refracted  twofold  ray 
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quite  analogous  to  the  relations  discerned  in  the  case 
of  Iceland  spar ;  and  we  owe  to  our  distinguished 
countryman  the  farther  most  important  fact,  that 
if  two  lines  be  drawn,  one  bisecting  the  acute  and 
the  other  the  obtuse  angle  between  the  optic  axes, 
these  lines  (together  with  a  third  at  right  angles 
to  both)  are  closely  connected  with  the  primitive 
form  of  the  crystal ; — they  are  indeed  the  funda- 
mental lines  of  the  physical  theory  of  double  re- 
fraction—the two  former  being  those  in  Avhich 
the  elasticity  of  the  vibrating  medium  is  greatest 
and  least.  Neither  of  the  rays  in  the  case  of 
biaxial  crystals  is  an  ordinary  ray.  Both  are 
refracted  in  an  extraordinary  manner  and  ac- 
cording to  a  new  law. 

(2.)  Theory  of  the  Phmomena. — We  must 
be  satisfied  with  the  simplest  practicable  ex- 
planation of  the  principle  by  which  the  phe- 
nomena of  double  Refraction  are  accounted  for. 
The  beautiful  geometrical  construction  by  which 
Huyghens  represented  the  direction  of  the  ordinary 
and  extraordinary  rays  in  a  rhomb  of  Iceland 
spar,  is  as  follows.  Let  a  c  be  the  incident  ray 
and  c  P  the  section  of  the  surface  of  the  crystal 
made  in  the,  •plane  of  incidence,.  Produce  the  in- 
cident ray  to  any  point  b,  and  from  B  raise  the 
perpendicular  b  f.  Find  c  d,  so  that 


Fig.  L 

Sine  incidence :  Sine  refract :  =  c  b  :  c  n 
in  the  case  of  the  ordinary  ray.  With  radius  c  D 
describe  a  circle ;  and  imagine  a  sphere  existing 
in  space,  of  which  that  circle  is  a  section.  Next 
imagine  a  spheroid  of  revolution  existing  in  the 
.same  space  whose  centre  is  c,  its  axis  of  revolu- 
tion in  the  direction  of  the  optic  axis  of  tlie 
crystal,  and  equal  to  the  diameter  of  the  si)here  ; 
the  other  axis  being  found  by  the  proportion. 
Ord.  index:  Extraord.  index  =  co:  semi-axis. 
The  surfaces  of  these  two  solids— the  sphere 
and  the  spheroid— will  represent  the  surfaces 
of  the  ordinary  and  extraordinary  waves  pro- 
pagated within  the  crystal.  The  remaining 
part  of  the  construction  follows  as  a  matter  of 
course.  At  f  imagine  a  line  drawn  perpendicu- 
lar to  the  plane  of  the  diagram.  Through  that 
line  draw  two  tangent  planes,  one  to  touch  the 
sphere  and  the  other  to  touch  the  spheroid.  The 
point  of  contact,  o,  in  the  former  case  will  be  in 
the  plane  of  the  diagram,  and  c  o  will  be  the 
(rrdinary  ray.  The  point  of  contact  E  with  the 
spheroid  may  not  be  in  that  plane,  but  wherevor 


EEF 

it  is  in  space,  the  line  c  e,  will  give  the  direction 
of  the  extraordinary  ray.   This  law  of  Huyghens 
was  found  true  with  regard  to  all  uni-axial 
crystals:  but,  so  soon  as  the  researches  of  Sir 
David  Brewster  opened  the  vast  and  varied  field 
of  biaxial  crystals,  the  construction  proved  to  be 
a  restricted  one,  as  one  at  least  of  the  rays  in 
these  crystals  seemed  to  follow  some  new  and  un- 
known law.    The  mystery  however  soon  yielded 
to  the  analysis  of  Fresnel, — an  analysis  which,  in 
this  case  also,  has  outstripped  observation  and 
suggested  predictions  afterwards  verified  by  expe- 
riment.   The  student  must  not  expect  to  appre- 
hend the  nature  of  this  theory  without  a  certain 
expenditure  of  thought;  nevertheless,  if  at  each 
step  he  realizes  the  actual  mechanical  conditions 
referred  to,  he  will  satisfactorily  follow  the 
general   account  of  it  which  we  give  in  the 
very  lucid  words  of  Professor  Lloyd. — "  Fresnel 
starts  from  the  supposition  that  the  elastic 
force  of  the  vibrating  medium  within  every 
crystal,  is  in  general  different  in  different  di- 
rections.    This  is,  in  fact,  the  most  general 
supposition  that  can  be  made ;  and  whether  one 
suppose  that  the  vibrating  medium  is  the  ether 
within  the  crystal  or  that  the  molecules  of  the 
body  itself  partake  of  the  vibratory  movement, 
there  will  be  obviously  such  a  connection  and 
mutual  dependence  of  the  parts  of  the  solid  and 
those  of  the  medium  in  question,  that  we  cannot 
hesitate  to  admit  for  the  one  what  has  been  al- 
ready established  on  the  clearest  evidence  for  the 
otber. — It  is  easy  to  see,  generally,  that  the  phe- 
nomenon of  double  refraction  is  a  necessary  con- 
sequence of  this  hypothesis  and  of  the  principle 
of  transversal  vibrations. — Let  us  take,  for  ex- 
ample, the  simple  case  of  a  beam  of  light  proceed- 
ing from  an  infinitely  distant  point,  and  falling 
perpendicularly  on  the  surface  of  a  uni-axial 
crystal,  cut  parallel  to  the  axis.     The  incident 
wave  being  plane  and  parallel  to  the  surface  of 
the  crystal,  the  vibrations  are  also  parallel  to  t'>e 
same  surface ;  and  we  may  conceive  them  to  be 
composed  of  vibrations  parallel  and  perpendicular 
to  the  axis  of  the  crystal.    Now,  the  elasticity 
brought  into  play  by  "these  two  sets  of  vibrations 
being  different,  they  will  be  propagated  with  dif- 
ferent velocities ;  and  there  will  be  two  waves 
within  the  crystal  oppositely  polarized.    If  the 
second  face  of  the  crystal  be  parallel  to  the  first, 
the  two  rays  will  emerge  perpendicularly;  and 
the  only  effect  produced  will  be,  that  one  will  be 
retarded  more  than  the  other,  in  its  progres-S 
through  the  crystal.    But,  if  the  second  face  be 
obliqite  to  the  direction  of  the  rays,  they  will  be 
both  refracted  at  emergence  and  differently ;  and 
they  will  therefore  diverge  from  one  another. — To 
return  to  the  general  theory.    Let  us  suppose  a 
disturbance  to  be  produced  in  a  medium  such  as 
we  have  been  considering,  and  any  particle  of  the 
medium  displaced  from  its  position  of  rest.  The 
resultant  of  all  the  elastic  forces  which  resit^t  the 
displacement  wiU  not,  in  general,  act  in  the  diruc- 
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turn  of  the  displacement  (as  would  be  the  case  in 
a  medium  uniformly  elastic),  and  therefore  will 
not  drive  the  displaced  particle  directly  back  to 
its  position  of  equilibrium.  Fresnel  has  shown, 
however,  that  there  are  three  directions  at  right 
angles  to  each  other,  in  every  medium  of  this 
nature,  in  any  of  which  if  the  particles  are  dis- 
placed, the  elastic  forces  do  act  in  the  direction  of 
the  displacement,  whatever  be  the  nature  or  laws 
of  the  molecular  action  ;  and  the  only  supposition 
vfhich  he  makes  is,  that  these  three  directions  are 
parallel  throughout  the  crystal.  In  fact,  the 
first  principles  of  crj'stallization  compel  us  to  ad- 
rait  that  the  arrangement  of  the  molecules  of  the 
crystalline  body  is  similar  in  all  parallel  lines 
throughout  the  cr}'stal ;  and  the  same  property 
must  belong  to  the  ether  within  it,  if  (as  we 
have  every  reason  to  presume)  its  elasticity  be 
dependent  on  that  of  the  crystal  itself.  These 
three  directions  Fresnel  denominates  axes  of  elas- 
ticity; and  he  thinks  that  they  must  also  be  axes 
of  symmetry,  with  respect  to  the  crystalline  form. 
— If,  on  each  of  these  axes,  and  on  every  line 
diverging  from  the  same  origin,  portions  be  taken 
which  are  as  the  square  roots  of  the  elastic  forces 
in  their  directions,  the  locus  of  the  extremities  of 
these  portions  will  be  a  surface,  which  Fresnel 
denominates  the  surface  and  elasticity.  Its  equa- 
tion is 


c?  co^  a.  +  h'^ 


«  +  0'  cos^/3  +  c^cos^  y; 
o^,  c",  being  elasticities  in  the  directions  of 
the  three  axes,  r  the  radius-vector  of  the  sur- 
face and  a,  /3,  y,  the  angles  which  it  makes 
with  the  axes. — This  surface  determines  the 
velocity  of  the  propagation  of  the  wave,  when 
the  direction  of  its  vibration  is  given.  For, 
suppose  the  particle  to  vibrate  in  the  direc- 
tion of  any  radius-vector,  r,  the  elastic  force 
which  governs  its  vibration  will  be  proportional 
to  and,  since  the  velocity  of  wave  propaga- 
tion in  any  elastic  medium  is  as  the  square  root 
of  the  elastic  force,  it  must  in  this  case  be  repre- 
sented by  the  radius- vector  of  the  surface  of  elas- 
ticity in  the  direction  of  the  vibrations.  Hence, 
if  we  conceive  the  vibration  in  tiie  incident  wave 
to  be  resolved  into  two  within  the  crystal,  per- 
formed in  two  determinate  directions,'these  will 
be  propagated  with  different  velocities ;  and,  as 
a  difference  of  velocity  gives  rise  to  a  difference 
of  refraction,  it  follows  tliat  the  incident  ray  will 
be  divided  into  two  within  tiie  crystal,  which  will 
in  general  pursue  difreient  paths.  Thus,  the 
bifurcation  of  a  ray,  on  entering  a  crystal,  pre- 
sents no  dimculty,  provided  we  can  explain  in 
vhaf  manner  the  vibration  comes  to  be  resolved. 
— To  see  in  what  manner  this  takes  place,  let  us 
conceive  a  plane  wave  advancing  within  the 
crystal.  By  the  princiijle  of  transversal  vibra- 
tions, the  movements  of  the  etherial  molecules 
are  all  parallel  to  the  wave;  but  the  motion  of 
eacii  molccul's  when  thus  removed  from  its  posi- 
tion of  equilibrium,  is  resisted  by  tlie  clastic  force 
«f  the  medium;  and  tliat  force  is,  iu  general, 


oblique  to  the  direction  of  the  displacement.  If 
the  plane  containing  the  direction  of  the  force 
and  that  of  the  displacement  were  normal  to  the 
plane  of  the  wave,  the  force  would  be  resolvable 
into  two, — one  perpendicular  to  the  plane  of  the 
wave,  which,  by  the  principle  of  transversal  vibra- 
tions, can  produce  no  effect ;  and  the  otiier  in  the 
direction  of  the  displacement  itself,  which  will 
thus  be  communicated  from  particle  to  particle 
without  change.  But  this,  in  general,  is  not  the 
case.  Fresnel  has  shown,  ho.vever,  that  in  all 
cases,  the  displacement  may  be  resolved  in  two 
directions  in  the  plane  of  the  wave,  at  right  angles 
to  one  another,  such  that  the  elastic  force  called 
into  action  by  each  component  will  be  in  the 
plane  passing  through  the  component  and  nor- 
mal to  the  wave ;  and  thus  each  component  will 
give  rise  to  a  wave  in  which  the  direction  of  the 
vibrations  is  preserved,  and  which  therefore  will 
be  propagated  with  a  constant  velocity. — The 
two  directions  above  alluded  to  are  those  of  the 
greatest  and  least  diameters  of  the  section  of  the 
surface  of  elasticity  made  by  the  plane  of  the 
wave;  so  that  if  the  original  displacement  be  re- 
solved into  two,  parallel  to  these  directions,  each 
component  will  give  rise  to  a  plane  wave,  in 
which  the  vibrations  will  preserve  constantly  the 
same  direction.  The  velocity  of  propagation 
being  represented  by  the  radius- vector  of  the  sur- 
face of  elasticity  in  the  direction  of  the  displace- 
ment, the  velocities  of  the  two  parts  of  the  wave 
will  be  proportional  to  the  greatest  and  least  dir- 
ameters  of  the  section  of  the  surface  of  elasticity, 
to  which  the  vibrations  are  parallel.  Thus  it 
appears  that  an  incident  plane  wave,  in  which 
the  vibrations  are  in  any  given  direction,  will  be 
resolved  into  two  within  tiie  crystal ;  and  these 
will  be  propagated  with  different  velocities^  and 
consequently  assume  different  directions.  The 
vibrations  in  these  waves  being  parallel  to  two 
fixed  lines, — namely,  the  greatest  and  least  di- 
ameters of  the  section  of  the  surface  of  elasticity, 
— it  follows  that  the  two  rays  are  polarized, 
and  that  their  planes  of  polarization  are  at  right 
angles,  being  the  planes  passing  through  tlie  direc- 
tion of  the  ray  and  these  two  lines.  From  this 
it  follows  that  the  plane  of  polarization  of  one  of 
the  raj'S  bisects  the  diliedral  angle  made  by  the 
two  planes,  which  pass  through  the  normal  to  tite 
wave,  and  the  noi-malst<i  the  two  circular  sections 
of  the  surface  of  elasticity ;  and  that  the  plane  of 
polarization  of  the  otiier  is  perpendicular.  Thia 
coincides  with  tlie  rule  previously  given  by  M. 
Biot,  namely,  tliat  the  plane  of  pdlarization  of 
one  of  tlie  pencils  bisects  /he  dihedral  angle  J'ormed 
by  planes  drawn  through  the  ray  and  the  two  optic 
axes;  while  that  of  the  other  is  perpendic7ilur,  or 
bisects  the  supplemented  dihedral  angle. —  Thus  we 
see  tliat  the  two  fundameiilal  facts  of  cry.stallino 
refraction, — namely,  the  bifuiciilion  of  tiie  niy 

and  the  opposite  polarization  of  the  two  pencils,  

arc  completely  accounicd  Ibr. — li'iiriluT,  ihu  jmi- 
pliludesof  the  resolved  vibrations  ai'u  reprusentoU 
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liy  the  co-sines  of  the  angles  which  the  direction 
of  the  original  vibration  contains  with  the  two 
fixed  rectangular  directions ;  and,  as  the  squares 
of  these  amplitudes  measure  tlie  intensities  of  the 
two  pencils,  the  law  of  Malus  respecting  these 
intensities  is  a  necessary  consequence." — We 
must  again  refer  the  student  very  earnestly  to 
these  Lectures  by  Professor  Lloyd. 

(3.)  The  optical  phenomena  of  double  refrac- 
tion are  thus  resolved  into  immediate  depen- 
dence on  the  mechanical  axes  of  elasticity;  so 
that  whatever  changes  the  one  must  affect  the  other 
also.    In  signal  confirmation  of  this  view,  are 
the  multitudes  of  experiments  now  opening  upon 
us,  showing  that  the  bi-refringent  quality  can  be 
impressed  on  any  naturally  isotropic  substance, 
if  by  partial  application  of  heat,  or  by  appli- 
cation of  mechanical  pressure  or  traction,  we 
aiTect  its  isotropism,  or  impress  upon  it  an  un- 
equal elasticity  in  different  directions.    The  full- 
est discussion  on  the  infiuences  of  pressure  or 
traction  is  contained  in  a  phamphlet  by  M.  Wer- 
theim,  of  which  a  copious  account  will  be  found 
in  the  Philosophical  Magazine  for  October  and 
November,  1854.  The  experimentsand deductions 
of  the  writer  are  equally  worthj'  of  regard,  and 
he  has  even  succeeded  in  educing  practical  appli- 
cations from  one  of  the  most  refined  and  re- 
mote inquiries  in  physical  science.   For  instance, 
from  the  simple  phenomena  of  colours  evolved  by 
pressure,  or  by  aid  of  what  he  has  termed  the 
Chromatic  Dynamometer,  he  obtains  immedi- 
ately, without  employing  any  co-etficient  of  cor- 
rection, the  effective  pressure  of  a  -vice,  press, 
hydraulic  press,  lever,  &c.,  and  the  ratio  between 
the  useful  and  theoretic  effect  of  any  machine. 
See  farther  the  researches  of  Brewster,  Biot,  and 
Jlitscherlich.    The  latter  inquirer  has  especially 
and  laboriously  analyzed  the  effect  of  heat  on  bi- 
refringent  crystals  of  both  classes,  and  detected  a 
number  of  curious  laws.    He  has  succeeded  in 
inipressing  so  large  a  change  on  some  bi  -axial 
crvstals,  that  the  plane  of  the  two  optic  axes  has 
reached  a  position  perpendicular  to  its  primitive 
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lane.  The  elasticities  of  all  crystals  affected  by 
heat,  change  in  a  different  ratio  along  the  axes 
of  mechanical  elasticity;  and  the  plane  of  the 
optical  axes  must  therefore  change  also.  Valu- 
able papers  on  the  elasticity  of  crystals,  by 
Professor  Kankine,  and  Professor  Maxwcl,  have 
recently  been  printed  in  the  Transactions  of  the 
lioyalSocieties  of  London  and  Edinburgh. 

IL  Conical  Rkfuaction.  —  Considering 
the  origin  of  the  class  of  phenomena  of  which 
we  have  treated,  it  must  be  sufliciently  manifest, 
that  Inquiry  might  be  expected  to  bring  inces- 
santly under  review  novel  and  delicate  results 
in  great  numbers.  Several  of  tliese,  such  as 
Circular  Double  Refraction,  we  must  leave  uo- 
r.oticcd  ;  but  there  is  one  result  so  very  remark- 
able, alike  in  its  own  nature  and  the  manner  of 
it<  discovery,  that  it  cannot  be  passed  by.  Re- 
\eniuy  to  the  construction  of  Huyghens,  it  will 
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be  seen  that  the  directions  of  the  rays  throe  'i 
the  bi-refringent  crystal,  are  determined  by  the 
points  of  contact  of  tnngent  planes,  wi(!h  the 
surfaces  of  the  spherical  and  spheroidal  waves. 
Now,  these  contacts  are  points,  and  it  seemed 
natural  to  expect,  that,  in  everj'  case  of  double 
refraction,  the  contacts  would  be  points  also ;  so 
that  we  should  always  have  one  or  two  definite 
emergent  rays.    But,  Sir  William  E.  Hamilton, 
while  considering  the  case  of  bi-axial  crystals, 
reached  the  unexpected  conclusion,  that,  in  cer- 
tain circumstances,  the  contact  would  not  be 
mere  pomts.    The  efficient,  or  determining  con- 
tact in  these  special  cases,  is  that  of  four  planes, 
and  he  discerned  that  thej'  could  not  touch  the 
surface  of  the  wave  in  two  points,  but  in  an  in- 
finity of  points,  constituting  what  may  be  termed 
a  small  cu-cle  of  contact.    No  conclusion  could 
have  been  more  unexpected,  yet  it  followed  rigor- 
ously from  the  theory  of  Fresuel ;  and  Sir  Wil- 
liam did  not  hesitate  to  assert,  that,  in  the  given 
circumstances,  we  should  have,  not  two  emergent 
rays,  but  a  cone  of  rays  diffmed  from  a  point, 
and  manifesting  themselves  in  the  foim  of  a 
luminous  circle.    Certainly  the  history  of  gravi- 
tation itself  records  no  case  of  a  purer  prediction ; 
for  no  phenomenon,  in  the  remotest  degree 
akin  to  it,  had  ever  been  noticed  or  anticipated. 
The  experimental  verification  was  speedily  ac- 
complished at  Sir  William's  entreaty,  by  Pro- 
fessor Lloyd.  Two  separate  classes  of  phenomena 
were  predicted  by  Hamilton,  named  by  him  ex- 
terior and  interior  conical  refraction :  the  ray,  in 
the  one  case,  issuing  as  a  cone  with  its  vertex 
at  the  surface  of  emission;  and,  in  the  second 
case,  issuing  as  a  cyluider,  having  been  converted 
on  entering  the  crystal  into  a  cone,  whose  vertex 
is  at  the  point  of  incidence. — (1.)  The  first  or 
exterior  phenomenon,  ought  to  manifest  itself 
when  a  ray  passes  through  a  crystal,  along  one  of 
the  lines  of  equal  velocity, — lines,  that  is,  along 
which  the  two  sets  of  waves  move  with  equal 
velocities.    Mr.  Lloyd  obtained  a  plate  of  orra- 
gonite,  in  which  these  two  lines  (nearly  coincident 
with  the  two  optical  axes),  include  an  ar.gle 
of  20°.    The  plate  was  cut  Avith  faces  perpen- 
dicular to  the  line  dividing  the  angle  of  the  two 
optic  axes  into  equal  parts.    If  o  p,  therefore 
be  drawn  perpendi-  ^ 


cular  to  the  faces  of 
the  arragonite,  and 
o  M,  o  N  drawn,  so 
that  MOP  and  p  o 
N  be  angles  of  10' 


then  the  ray  pass- 
ing from  M  to  o,  or 
from  o  to  M  (and,  in 
the  same  way  wth 
p),  ought  to  issue 
eonically    refracted.  _.  ^ 

Mr.  Lloyd  received 

that  raj",  and  found  that  instead  of  the  two 
usual  rays  of  double  refraction,  it  presented 
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titbe  luminous  circle  below !  (2.)  The  phenomena 
of  interior  conical  re- 
fraction were  verified 
and  established  as 
facts,  with  equal  suc- 
cess :  also  by  the  care 
of  Professor  Lloyd. 
We  may  conclude  in 
the  woids  of  M. 
Plucker:  "No  phy- 
sical experiment  has 
made  such  an  impres- 
of  conical  refraction 


Fig.  3. 


asion  upon  me  as  that 

XA  ray  of  light  entering  a  crystal,  and  issumg 
las  a  luminous  cone,  was  a  thing  unheard 
otof,  and  without  analogy.  Sir  W.  Hamilton 
asnnounced  the  fact  as  a  consequence  of  a  form  of 
tithe  wave  which  he  had  deduced  by  long  cal 
nculations  from  an  abstract  theory.  *  I  confess  I 
\Mt  on  the  rack  to  learn  if  a  result  so  extraor- 
idinary  could  be  confirmed  by  experiment, — a  re- 
•'.sult  predicted  by  the  theory  recently  erected  by 
;tthe  genius  of  Fresnel.  And  now  that  Mr.  Lloyd 
JJas  demonstrated  that  the  facts  are  in  perfect 
^correspondence  with  Sir  Wilham  Hamilton's 
!  Jxpectations,  every  prejudice  against  a  Theory  so 
.  narvellously  confirmed,  ought  surely  to  disap- 
oear." 

Refraction  A.tniospheric.    The  mode  in 
•  Ivhich  a  ray  of  light  is  bent  by  refraction  as  it 
.oasses  through  our  atmosphere,  has  been  already 
laxplained  generally  under  Dioptrics  ;  and  Mi- 
'■  ■iXGE  ^  refers  to  instances  in  which  irregular 
>-ariations  in  the  atmosphere  have  been  known 
-0  impress  upon  the  rays  passing  through  them 
■s'ery  curious  effects.    The  question,  however,  as 
0  the  regular  or  normal  influence  of  our  aerial 
nvelope  on  the  direction  of  light,  is  of  vastlv 
:-;reater  consequence ;  for  until  we  have  obtained 
1 reply  to  it,  we  cannot  assure  ourselves  how  far 
h<he  apparent  position  of  any  body,  seen  through 
f:.he  atmosphere,  is  apart  from  its  real  position. 
■  Jncertainty  of  this  sort  remaining,  would  evi- 
Iviently  affect  with  serious  error  our  conclusions 
'  -like  as  to  the  true  places  of  the  stars,  and  to 
the  true  altitude  of  any  terrestrial  object.— (1.) 
frke  Theory  of  Astronomical  Refractions,  or  the 
i-  'rmciples  on  the  ground  of  which  we  must  apply 
■  correction  to  the  observed  places  of  the  hea- 
'  --enly  bodies  has  long  attracted  profound  atten- 
'8  a  most  arduous  problem— one  that 
■1  all  lilcelihood  will  never  be  comi)letely  solved, 
-he  standing  and  intractable  difficulty  is  this— 
>edo  not  know  the  exact  constitution  of  the  aimo- 
Vkere  throuyh  which  the  ray  passes.    It  is  satis- 
ictorily  established  indeed,  that  the  rcfringent 
ower  of  common  air  is  proportional  to  its  dcn- 
'ty,  80  tliat  we  can  readily  obtain  a  constant 
bat  will  enable  us  to  deduce  the  amount  of  tliat 
ower  for  any  ordinary  density  ;  and  fortunately 
he  consideration  of  one  very  variable  element  of 
he  atmosphere  may  be  omitted,  inasmuch  as  tlie 
-ariation  of  refringent  power  incident  on  the 
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presence  of  humidity,  is  almost  entirely  compen- 
sated by  the  concomitant  variation  of  density. 
But  what  shall  we  say  regarding  the  arrangement 
of  the  atmosphere  in  reference  to  onr  globe's 
surface  ?    The  answer  nniversally  given  in  these 
investigations,  is  in  the  form  of  an  assumption, 
viz.,  that  the  atmosphere  is  arranged  with  its 
surfaces  of  equal  density,  spherical  and  concentric 
to  the  earth,  and  therefore  that  the  differential 
of  refraction  is  a  function  of  the  density  and  dis- 
tance from  the  centre.    The  inquirj-  remains, 
What  is  the  relation  between  these  two  variables, 
viz.,  the  density  of  concentric  strata,  and  their 
altitude  or  distance  from  the  earth's  centre  ?  This 
relation  is  utterly  unknown,  and  the  equation 
cannot  be  integrated  unless  it  is  known.  As- 
sumptions are  again  resorted  to  ;  sometimes  a 
law  is  taken  for  granted,  because  of  its  supposed 
conformity  yvith.  known  physical  laws ;  some- 
times one  is  assumed,  because  of  the  facilities  it 
affords  for  integration.    Besides  these  uncertain- 
ties however,  it  may  further  be  confidently  as- 
serted, that  the  original  or  fundamental  assump- 
tion is  not  true.     Near  the  earth,  surfaces  of 
equal  atmospheric  temperature  and  density  de- 
pend on  the  figure  of  the  gromid  ;  varying  even 
in  contiguous  localities,  according  to  the  structure 
of  the  soil — whether  it  be  covered  by  forests, 
large  bodies  of  water,  &c.,  &c.    Such  irregulari- 
ties must  extend  at  least  as  far  as  the  region  of 
the  clouds— about  six  miles  high;  and  this  is 
the  portion  of  the  atmosphere  which  most  power- 
fully acts  on  the  ray  of  light.    HappOy  these 
and  other  disturbing  causes  produce  no  appre- 
ciable effect  when  the  external  object  is  near  the 
zenith;  and  it  is  exceedingly  fortunate,  that 
through  the  multiplication  of  Observatories  in 
different  latitudes,  so  large  a  portion  of  the  sky 
is  now  within  neighbourhood  of  the  zeniths  of 
the  best  Instruments.     Each  Observatory  has 
thus  its  peculiar  and  appropriate  range  of  sky — 
a  range  within  which  its  determinations  must  in 
all  delicate  inquiries  be  accounted  of  greatest 
weight.   It  must  not  be  supposed,  however,  that 
analysts  have  succumbed  under  the  embarrass- 
ments now  enumerated.     Smce  the  period  of 
Newton — (who  seems  to  have  discerned  the  law 
that  until  we  reach  low  altitudes  the  refraction  is 
sensibly  proportional  to  the  tangent  of  the  zenith- 
distance) — remarkable  skill  and  industry  have 
been  expended  on  the  construction  of  acceptable 
theories  and  convenient  tables ;  and  with  almost 
unexpected  success.    The  places  of  stars  within 
70°  of  the  zenitli  of  an  Observatory  can  now  be 
corrected  by  aid  of  these  tables,  to  a  precision 
so  great  that  the  errors  of  single  determinations 
due  to  incalculable  irregularities,  may  reasonably 
be  expected  to  be  cliiiiiuatcd  in  the  viean  of  a 
sufficient  number ;  and  corrections  of  tho  places 
of  objects  considerably  nearer  the  horizon  may 
be  much  relied  on,  if  they  have  beoa  observed 
under  favourable  circumstances. 

{2'/.c  reader  will  now  turn  to  page  CoO.} 
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Dr.  Robinson's  Tables  of  Refraction. 
Table  I. 

ft.  =  57"546  ;  tlier.  =  50°  bar.  =  29-60  inches. 
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97 
93 
89 
85 
81 
78 
74 


+ 
+ 
+ 
+ 
+ 
+ 
+ 

+  70 


+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 


66 
62 
58 
54 
50 
46 
42 
39 
35 
31 
27 
23 
19 
15 


47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 

61 

62 

63 

64 

65 

66 

67 

68 

69 

70 

71 

72 

73 

74 

75 

76 

77 

78 

79 

80 

81 

82 

83 

84 

85 

86 

87 

88 

89 

90 

91 

92 


A. 


0-29126s5 

0-2904185 

0.2895684 

0-2887285 

0-2878784 

0.2870385 

0.2861884 

0-2853485 

0-28'44984 

0-2836584 

0-2828184 

0-2819784 

0-2811383 

0-2803083 

0-2794783 

0-2786483 

0-2778183 

0-2769882 

0-2761682 

0-2753483 

0-2745182 

0-2736982 

0-2728782 

0-2720582 

0-2712381 

0-2704281 

0-2696181 

0-2688081 

0-2679981 

0-2671881 

0  2663780 

0.2655781 

0-26476,80 

0-26396so 

0  2631680 

0-2623680 

0-26156so 

0-2607680 

0-2599680 

0-2591679 

0-2583779 

0-25758^9 

0-2567979 

O-256OO79 

0-25521 79 

0-25442 


—  7 

—  11 
_  15 

—  19 

—  23 

—  27 
_  31 

—  35 
_  39 

—  42 

—  46 

—  50 

—  54 

—  58 

—  62 

—  66 
_  70 

—  74 
_  78 

—  81 
_  85 

—  89 

—  93 , 

—  97 

—  101 

—  105 
_  109 

—  113 
_  117 

—  121 

—  125 
_  129 

—  132 

—  136 

—  140 
_  144 
_  148 

—  152 

—  156 

—  160 
_  163 


Hefraction  =  r'  c  -  u  x  (x  -  50°)  -  E  x  baron.cter  _  29-60)  log.  u'  =  A  + 

laiig.  app.  zeu.  dist.  +  log  bar. 

*  ^  ArgmiiPiit  of  A.  external  (bcrmometer  =  T. 

Argument  of  b,  attached  thermometer. 
Argument  of  c,  D,  and  e,  apparent  zenith  distance. 
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EEF 


r.EF 


TAni.E  II. 


D. 


01 

Oil 
0-2i 


05, 
0/3 
IO5 
i5i 
16i 
17i 
I81 
19i 
2O1 

2I2 

23, 
262 
27, 

293 
32, 


0 


354 
394 
0'434 

526 
587 


657 
728 
80u 
91,, 


03u 

17l7 

3-^21 

5525 

80,9 

0939 
4849 

97c2 

5978 

3732 

6935 
0438 
4242 
47 


84 
31  „ 


83 
•11 
•41 
•72 


28 
30 
31 
33 


8 
8 
9 
9 
10 
10 
10 
11 
11 


0535 
4O30 
763rt 
I040 


5744 
OI40 

4749 

9053 


49 


77, 


28 


23 


O'OOO 

0-001 
0-001 
0-001 
0-001 
0-001 
0-001 
0-001 
0-002 
0  002 
0^002 
0-002 
0  002 
0-002 
0-002 
0-002 
0-002 
0-003 
0-003 
0-003 
0003 
0-003 
0-003 
0  003 
0-003 
0  003 
0  003 


E. 


0-01 
0-01 
0^01 
0-01 
0-01 
0-01 
0-01 
0-01 
0-01 
0-01 
001 
0-02 
0-02 
002 
0-02 
0  03 
0-03 
0-03 
0-04 
0-04 
0-05 
0-06 
0-06 
0-08 
0-09 
0-11 
0-13 
0-14 
0-15 
0-16 
0-18 
0-19 
0-21 
0-21 
0-22 
0-23 
0-24 
0-25 
0-26 
0-28 
0-29 
0-30 
0-31 
0-33 
0-35 
0-35 
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Z.  D. 

c. 

D. 

E. 

80°  10' 

12^05o9 

0-003 

0-36 

16 

12-3430 

0-004 

0-37 

20 

12-6434 

0-004 

0-38 

25 

12-9033 

0-004 

0-39 

30 

13-2833 

0.004 

0-40 

35 

I3-6I35 

0-004 

0-41 

40 

13-9635 

0-004 

0-42 

45 

14-313S 

0-004 

0-43 

50 

14-6733 

0-004 

0-44 

55 

15-0040 

0-004 

0-45 

81  0 

15-4644 

0-004 

0-462 

5 

15-8642 

0-004 

0^48i 

10 

I6-2844 

0-004 

0-49i 

15 

16-7245 

0-004 

0-502 

20 

17-1747 

0-004 

0-52i 

25 

17-6448 

0-005 

0-53i 

30 

18-12go 

0-006 

0-542 

35 

I8-625, 

0-005 

0-662 

40 

19-1454 

0-005 

0-681 

45 

19-6856 

0-005 

0-59i 

50 

20-24,8 

0-005 

O-6O3 

55 

20-82go 

O-005 

0-63i 

82  0 

21-4263 

0-005 

0-64, 

5 

22-0505 

0-005 

0-662 

10 

22-70„8 

0-006 

0-683 

15 

23  '38^Q 

0-006 

0-703 

20 

240873 

0-006 

0-732 

25 

24-81 70 

0-006 

0-752 

30 

25-5778 

0-006 

0-772 

35 

26-3583 

0-006 

0-793 

40 

27-1885 

0-007 

0-823 

45 

28 -0389 

0-007 

0-862 

50 

28-9293 

0-007 

0-873 

55 

29-8697 

0  007 

O-OOg 

83  0 

30-82i.oo 

0-008 

0-933 

5 

31-824.00 

0-008 

0-963 

10 

32-884.10 

0  008 

0-994 

15 

33-98i.,5 

0-009 

1-033 

20 

35^134.i9 

0-009 

1-004 

25 

36-32i.,4 

0-010 

1-104 

30 

37-56i.3i 

0-010 

1-144 

35 

38-871.37 

0-011 

I-I84 

40 

40-24i.42 

0-012 

1-22, 

45 

41-661.50 

0-013 

1-274 

50 

43-161.57 

0-013 

I-3I5 

65 

44-73i.„4 

0-014 

1-365 

84  0 

46-37i.72 

0-015 

I-4I0 

5 

48-09i.8o 

0-016 

l-47o 

10 

49-891.89 

0-018 

1-536 

15 

51-78i-„9 

0-019 

l-59„ 

20 

53-770.09 

0-022 

1  -667 

7 

25 

55-862.20 

0  0232 

1-727 

80 

58-062.34 

0-0253 

1-798 

35 

60-372.;5 

0-0283 

1-878 

40 

02-822.58 

O-O3I4 

l-95q 

45 

O5-4O2.71 

0-0354 

2-04,, 

50 

68-112.89 

0-0395 

2-13,0 
2  23ii 
2-34 

55 

71-0(13.00 

OONb 

85  0 

74-06 

0-050 

For  an  analysis  and  judicious  appreciation  of 
the  procedures  of  Bradlej',  Laplace,  Ivory,  and 
Eessel,  we  must  refer  the  student  to  recent 
memoirs  by  Biot — memoirs  drawn  from  this 
veteran  physicist  by  a  discussion  during  the  year 
1855,  witliin  the  French  Academy  of  Sciences. 
It  were  easy  to  print  in  this  place  the  formulte 
arrived  at  by  these  Analysts ;  but  as  our  space 
would  not  admit  of  due  explanations,  it  appears 
needless.    The  foregoing  tables— printed  by  per- 
mission of  the  author — are  constructed  by  Dr. 
Robinson  of  Armagh,  who,  in  respect  of  that  com- 
bination of  the  speculative  and  practical  facul- 
ties so  necessary  to  an  astronomical  Observer,  has 
at  present  very  few  rivals.   The  memoir  on  which 
the  tables  are  founded,  is  printed  in  vol.  xix.  of 
the  Transactions  of  the  Royal  Irish  Academy. 
 (2.)  The  same  atmospheric  influence  neces- 
sarily affects  the  apparent  altitudes  of  points — 
such  as  the  top  of  a  mountain— not  far  from  the 
surface  of  the  earth.    This  mfluence  is  named 
Terrestrial  Refraction.    An  approximate  evalu- 
ation of  this  evidently  much  concerns  the  accu- 
racy of  measurements  of  elevation  by  the  usual 
trigonometrical  methods.  It  may  be  found  very 
nearly  by  aid  of  simultaneous  and  reciprocal  ob- 
servations ;  i.  e.,  by  observing  the  angle  of  de- 
pression from  one  station  and  the  angle  of  eleva- 
tion from  the  other,  at  the  same  moment.^  Such 
Observations  however,  cannot  be  obtained  in 
very  many  cases,  so  that  general  rules  are  de- 
siderated.   Rules  of  a  very  general  nature  have 
been  given  by  different  geodetic  surveyors  of 
gi-eat  eminence — dependmg  on  one  variable  only, 
viz.,  the  assumed  distance  of  the  observed  point 
from  the  observing  station.    Even  these  are  far 
from  corresponding.    Maskelyne  estimated  the 
refraction  at  ^^th  of  the  distance  expressed  in 
degrees  of  a  great  circle.    Legendre  allows  only 
^th  for  the  refraction  in  altitude.  Delambre 
takes  -j^j-th  part  of  the  arc  of  distance.  Colonel 
Mudge  prefers  the  -j^th  part.    It  seems  indeed 
that  the  fraction  varies  from  the  f  th  to  the  ^th 
of  the  contained  arc,  according  to  the  weather 
and  the  state  of  the  atmosphere.    A  good  solu- 
tion, therefore,  cannot  be  obtained,  unless,  along 
with  the  distance,  we  give  attention  to  the  vari- 
ables affecting  the  state  of  the  atmosphere.  This 
has  often  been  attempted— especially  by  Plana; 
most  successfully  and  conveniently,  however,  of 
late  years,  by  M.  Bravais,  whose  rather  com- 
pUcated  formula  have  been  expressed  in  very 
manageable  tables  by  M.  Delcros.    All  who  are 
practically  interested  in  geodctics  are  referred  to 
these  tables  iu  the  Anmiuire  Meieorologique  for 
1851. 

Kcfraction  Solar.  Many  indications  seem, 
at  present,  to  make  it  likely  that  an  ether  con- 
taining multitudes  of  meteoric  bodies,  fills  our 
interplanetary  spaces ;  and  that  its  substance  con- 
centrates, or  augments  in  density,  according  to  its 
nearness  to  the  sun.  If  this  be  true,  stars  seen 
in  the  neighbourhood  of  the  sun  ought  to  undergo 
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a  peculiar  refraction.  This  refraction  is  termed 
solar  refraction.  Observation  has  not  yet  con- 
firmed its  existence ;  but  means  are  being  used 
that  will  prove  its  reality  or  the  reverse.— Pro- 
fessor Piazzi  Smyth  had  this  subject  in  view  dur- 
ing his  late  residence  on  the  Peak  of  Teneriffe. 

KefractiFC  Iiulex.  The  absolute  refraciive 
index  of  a  body  is  the  proportion  which  the  sme 
of  the  angle,  made  by  a  ray  passing  from  vacuum 
into  the  body  and  the  perpendicular  to  the  sur- 
face of  the  body  at  the  point,  bears  to  the  sine  of 
the  angle  made  by  the  refracted  ray,  with  the 
perpendicular  produced.  The  theorem  on  which 
the  laws  of  refraction  are  based,  is,  that  this  is  a 
constant  quantity  for  any  medium.  The  rehlice 
refractive  index  of  two  media  is  the  proportion 
of  the  sine  of  the  angle  made  by  the  ray  passmg 
from  the  first  medium  with  the  perpendicular  to 
the  surface  of  contact  of  the  media  at  that  point 
compared  with  the  sine  of  the  angle  made  by 
the  ray  passuig  after  refraction  through  the  second 
medium  and  that  perpendicular  produced.  The 
method  of  finding  the  relative  refractive  mdices 
for  two  media,  whose  absolute  refractive  mdices 
are  given,  is  indicated  in  Dioptrics  (_q.  v.) 

Reft  angibilitj  :  Kefruigeiicy.  The  re- 
frangibility  of  any  ray  is  its  liability  to  be  refracted, 
and  the  measure  of  it  is  the  angle  of  refraction. 
Thus  the  several  coloured  rays  have  different  re- 
fraugibilities  depending  on  the  lengths  of  the  waves 
or  undulations  causing  them.  The  refringency,  if 
of  a  substance,  on  the  other  hand,  is  the  power 
to  refract  a  ray,  belonging  to  the  substance  or 
medium  through  which  the  ray  passes.  Thus 
prisms  of  various  substances  have  different  refrm- 
gencies.  So  also  a  rhomb  of  Iceland  spar  is 
bi-refringent. 

Bcpcatiicg  Circle.    See  CmCLB. 
Bcpiilsion.    See  BoscoviCH,  Electricitt, 
for  theory  and  illustration  of  repulsive  forces.  _ 

Bc»«i^taiice.  A  most  important  subject  in 
Molecular  Physics,  but  which  at  present  is  so 
much  more  within  the  range  of  Practical  j^Iecha- 
uics  and  Engineering,  that  we  do  not  feel  it  our 
province  to  discuss  it  here.  The  term  is  apr"- 
cable  to  a  variety  of  phenomena;  for  instance, 
that  very  important  class— the  resistance  ot 
wires  of  different  materials  and  lengths  to  the 
transit  of  electrical  currents.— See  Tki.egrai'H. 
Its  most  common  application,  however,  is  to  tJje 
energy  with  which  materials  resist  the  action  ot 
external  weights  or  forces  tending  to  bend  or 
break  them.  We  can  add  nothing  to  what  has 
already  been  given  under  Elasticity  and  I-kic- 
TioN.  The  same  resisting  force  likewise  appears 
when  bodies  endeavour  to  move  through  fluids, 
whether  liquid  or  gaseous.  These  latter  ques- 
tions are  about  the  most  complex  ui  practicM 
mechanics,  and  cannot  be  said  to  be  m  any  way 
theoretically  resolved.  The  formulne  that  have 
been  deduced  are  little  more  than  indications  as 
to  the  direction  in  which  experiments  ought  tone 
pushed.    See  any  good  work  on  engiueermg,  ana 
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I  everal  valuable  reports  among  the  Transactions 
f  the  British  Association. 

:  Kcliciilus,  or  ReticicHiim  Klioinboidalc. 

':)ne  of  Lacaille's  southern  constellations,  situ- 
ated right  between  the  large  stars  of  Argo  and 
>;ridauus.    The  star  a  reticuli  is  of  the  third 
lagnitude. 

Rctrograflation.  A  movement  in  which 
vie  planets  seem  to  go  backward  in  the  ecliptic, 
r  r  contrarj  to  the  order  of  signs.  A  planet  often 
^^ems  to  move  forward,  stops  gradually,  and 

aen  moves  backward.  Both  the  superior  and 
'..aferior  planets  are  subject  to  this  apparent  move- 
;.ient,  but  from  different  causes.  Of  course,  since 
c  e  know  that  their  real  motion  is  in  ellipses,  the 
iause  of  this  apparent  irregularity  is  the  move- 
;  lent  of  our  point  of  sight,  viz.,  the  Earth  itself, 
ihe  mean  periods  of  retrogradation  are — for 
aaturn,  140  days;  Jupiter,  120  days;  Mars,  73 
s-ays;  Venus,  42  days;  Mercury,  22  days. 

Revolution.  For  the  periods  of  the  planet- 
r>-y  revolutions,  see  Elements.  For  the  theory 
' :  motions  of  revolution,  see  Rotation. 

I  Rhomb,  Fressicl's.  A  rhomb  of  crown  or 
t-t.  Gobain's  glass,  so  cut  that  a  ray  of  light 
Altering  one  of  its  faces  at  right  angles,  shall 
rnerge  at  right  angles  at  the  opposite  face,  after 
r  adergoing  within  the  rhomb,  at  its  other  faces, 
1  vo  total  reflections.  It  is  used  to  produce  a  ray 
rrqularli/  polarized. 

!  Rlinmb.    This  word  has  come  to  signify  one 
;  the  thirty-two  points  into  which  the  circum- 
>rence  round  which  the  compass  may  vibrate  is 
vided.    Hence,  to  proceed  upon  a  rhumb  is  to 

•  ■•oceed  constantly  in  one  direction, 

I  Rliumb  Xiine.    If  a  vessel  sail  either  due 
.,  W.,  K,  or  S.,  she  evidently  describes  a  circle 
I  the  earth's  surface.  But  if  she  sail  in  one  con- 
aant  direction— towards  the  same  intermediate 
Dint  of  the  compass— that  is,  preserving  a  line 
I  ihich  cuts  the  successive  meridians  at  a  constant 
Jgle,  she  will  describe— as  any  one  may  see  by 
rawing  such  a  line  on  a  sphere — a  spiral  curve, 
'  lied  the  loxodromic  spiral,  which  constantly 
■preaches,  but  never  reaches  the  pole.    It  is 
'  lied  the  rhumb  line  for  the  point  of  the  com- 
towards  which  the  vessel's  course  is  steered. 
I  Rifle,  a  fire-arm  constructed  in  such  a  man- 
T  as  to  make  its  bullet  or  projectile  revolve  on 

•  .>  axis  of  flight.    The  rifle  is  a  most  ingenious 
id  successful  application  of  mechanical  science, 

■  :-in  theory,  a  beautiful  deduction  from-  a  few 
1  Tiple  principles— in  practice,  a  weapon  of  ter- 

'3le  efficiency,  either  in  the  field  of  war,  or  in 

■  e  hand  of  the  sportsman  who  pursues  the 
I  mizens  of  the  forest,  the  jungle,  or  the  plain, 
"le  name  of  its  inventor  and  the  period  of  its 
:  vention  have  not  been  correctly  ascertained ; 

It  it  appears  to  have  been  introduced  in  Gcr- 
any  about  a  hundred  years  after  the  invention 
fire-arms.    The  theory  is  this:  a  pnijectile 
tven  through  the  air  is  subject  to  deflection, 
wm  inequalities  in  ita  form  or  weight,  or  from 
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the  imperfect  manner  in  which  the  original  im- 
pulse is  communicated.    A  bullet  may  be  irre- 
gular in  form,  heavier  on  one  side  than  the  other, 
or  the  propelling  force  may  not  be  given  quite 
accurately  at  the  last  point  of  contact  with  the 
propelling  weapon,  whether  that  weapon  be  a 
bow,  a  musket  barrel,  or  a  cannon ;  or  otherwise, 
the  bullet,  in  being  projected,  may  be  made  to  roll 
on  its  transverse  axis,  so  as  to  cause  deviation  on 
one  side  or  the  otherfrom  the  line  of  direction.  The 
causes  of  deviation  are  numerous,  and  the  prin- 
ciple of  the  rifle  is,  that  these  shall  be  compen- 
sated for  by  their  rapid  reproduction  on  all  sides. 
This  is  effected  by  causing  the  bullet  to  revolve 
on  the  axis  of  flight,  so  that  any  inequalities 
may  be  reproduced  too  rapidly  to  allow  of  devia- 
tion on  one  side  or  the  other.    The  best  illustra- 
tion of  the  rifle  is  that  given  by  Robins  more  than 
a  hundred  years  since.    It  is  that  of  a  common 
top,  used  as  a  plaything  by  children.    We  can- 
not balance  the  top  on  its  point.    If  the  point 
be  quite  sharp,  by  no  effort  can  we  succeed  in 
making  the  top  stand  upright.    It  falls  over  on 
one  side,  in  spite  of  our  utmost  endeavours.  Let 
us  spin  it,  and  immediately  the  top  not  only 
stands  on  its  point,  but  we  are  unaljle  to  upset 
it,  so  long  as  the  spinning  motion  continues.  If 
spun  on  a  table,  we  may  throw  it  to  the  ground, 
or  knock  it  on  the  side,  or  endeavour  to  overturn 
it;  but  so  long  as  the  rotatory  motion  continues, 
we  cannot  make  it  upset.    If  struck,  it  imme- 
diately recovers  its  upright  position,  and  if  the 
motion  be  fast  enough,  it  will  again  spin  true. 
Suppose,  then,  that  we  wished  this  top  to  fall 
through  the  air  with  its  point  always  in  advance, 
either  down  the  shaft  of  a  mine  or  from  the  fop 
of  a  precipice, — we  have  only  to  spin  it,  and  it 
will  infallibly  fall  correctly,  until  the  rotatorv 
motion  is  exhausted.    To  apply  this  principle  to 
a  musket  or  cannon  bullet,  we  have  only  to  make 
it  rotate  on  the  line  of  fire,  and  its  course,  instead 
of  being  irregular,  will  be  practically  nearly  per- 
fect— subject,  of  course,  to  the  force  of  gravity, 
which  will  make  the  bullet  fall  to  the  ground 
in  the  time  it  would  require  to  fall  from  the 
muzzle  of  the  piece,  supposing  the  line  of  fire  to 
be  dead  level — and  subject  also  to  the  action  of  the 
wind.    Rifling  corrects  the  causes  of  deviation 
which  may  be  inherent  in  the  projectile,  but  not 
those  general  causes  which  operate  externally. 
To  cause  the  bullet  to  revolve  on  its  a.iis,  grooves 
are  cut  in  the  inside  of  the  rifle  barrel,  which 
grooves  are  intended  to  communicate  the  rota- 
tory motion.    The  grooves  are  not  straight — in 
which  case  they  would  be  inoperative — but  are 
cut  spirally,  like  a  string  on  a  walking-cane, 
which  makes  one  turn,  more  or  less,  from  one  end 
to  the  other.    The  amount  of  turn  is  called  the 
[litch,  and  this  pitch  may  be  one  whole  turn  in 
the  length  of  the  barrel,  or  half  a  turn,  or  a 
quarter  of  a  turn,  according  to  circuiiiHtances. 
The  rapidity  with  which  the  bullet  turns  may 
bo  understood  from  the  consideration  that  u  riflQ 
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bullet  travels  through  the  air,  say,  1,200  feet  in 
a  second ;  and  if  the  bullet  revolves  once  in  three 
feet,  it  will  turn  on  its  axis  400  times  in  a  second, 
— a  velocity  of  rotation  which  we  could  scarcely 
communicate  by  any  other  means  whatever.  If 
tlie  pitch  were'  one  turn  in  six  feet,  the  bullet 
would  only  spin  200  times;  and  if  the  pitch  were 
one  turn  in  eighteen  inches,  the  bullet  would,  on 
tlie  contrary,  spin  800  times  in  the  second  of 
flight— that  is,  in  passing  through  the  air  a  dis- 
tance of  400  yards.  The  proper  pitch  or  proper 
amount  of  turn  given  to  the  grooves  of  a  rifle 
barrel  has  long  been  a  matter  of  dispute.  The 
extremes  are  from  one  turn  in  two  or  three  feet 
to  one  turn  in  twelve  or  fourteen  feet.  The  first 
would  be  called  rapid  rifling,  the  latter  slow 
rifling.  The  principle  was  not  understood  until 
latelv,  that  the  rapidity  of  turn  ought  to  increase 
with' the  length  of  the  projectile.  The  turn  in 
the  Enfield  musket,  employed  in  the  British 
army,  is  one  turn  in  six  feet  six  inches ;  but  this, 
from  experiments  recently  made,  appears  to  be 
rather  too  slow  for  the  best  practice.  One  turn 
in  four  feet  would  probably  be  better  for  a  barrel 
of  the  regulation  calibre. 

To  malie  the  bullet  receive  the  rotatory  mo- 
tion—that is,  to  be  influenced  by  the  spiral 
grooves— it  was  formerly  the  practice  to  use  a 
bullet  large  enough  to  require  considerable  force 
to  make  it  enter  the  muzzle  of  the  gun.^  It  was 
driven  in  by  a  wooden  mallet,  or  heavy  iron  ram- 
rod, a  process  causing  much  delay  and  trouble. 
This  system  has  been  entirely  revolutionized  by 
the  system  of  the  expanding  bullet.  Lead  being 
easily  compressible,  it  occurred  to  various  expe- 
rimentalists to  cause  the  bullet  to  expand  by  the 
force  of  the  explosion,  so  as  to  be  forced  into  the 
grooves  sufiiciently  to  make  it  "  take  the  rifling." 
Mr.  Greener  claims  the  invention,  but  his  sug- 
gestion was  not  adopted  by  Government  at  the 
time,  though  acknowledged  at  a  later  period. 
Captain  Minie  was  the  first  who  gained  noto- 
riety for  the  new  system.  He  employed  an  iron 
cup  or  capsule  at  the  base  of  the  bullet,  which 
cup  being  driven  in  by  the  explosion  of  the  gun- 
powder, squeezed  out  the  lead  laterally,  and 
made  it  fill  the  grooves.  The  cup  was  alto- 
gether misapplied  in  practice,  tliough  good  in 
theory.  It  was  sometimes  driven  right  through 
the  bullet,  leaving  a  ring  of  lead  in  the  barrel. 
It  was  too  powerful  an  agent  for  the  purpose. 
In  the  service,  a  wooden  plug  has  been  substi- 
tuted, and  is  found  to  answer  tolerably  well. 
Another  plan— the  plan  used  by  tlic  Swiss— is 
to  make  rings  in  the  bullet,  so  that  when  the 
bullet  is  acted  on  by  the  explosion  of  the  pow- 
der, the  lead  drives  vp,  and  takes  the  nflmg. 
Tliis  plan  succeeds  admirably  where  great  nicety 
is  observed  in  the  fitting  of  the  various  parts— 
the  bullet  to  the  calibre,  &c.  Another  plan- 
that  used  by  the  late  lamented  General  Jacob, 
the  greatest  rlHeman  who  ever  put  gun  to  shoul- 
der—is to  have  the  grooves  cut  deep,  and  to  have 
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rings  or  flanges  on  the  bullet,  which  fit  the  grooves, 
and  cause  it  to  take  the  rifling  without  diflJculty. 

The  number  of  grooves  in  the  barrel  of  a  rifled 
musket,  or  barrel  of  a  sporting  rifle,  is  very  much 
a  matter  of  taste.  The  smallest  number  in  use 
is  two;  and  the  two-grooved  rifle,  some  years 
since,  was  very  extensively  patronized,  when  it 
was  found  to  obviate  the  difficulty  in  loading 
attending  the  old  system.  It  has  now  almost 
disappeared.  The  Brunswick  rifle,  employed 
in  the  British  service,  was  a  two-groove,  and 
probably  the  worst  weapon  ever  put  into  the 
hands  of  the  British  soldier  in  the  form  of  a  fire- 
arm. The  present  Enfield  musket  has  three 
shallow  grooves.  Five  or  six  would  probably 
be  found  more  advantageous.  Seven  is  a  very 
common  number  in  German  rifles,  which  are^ 
deservedly  held  in  high  repute ;  and  in  American 
rifles,  which,  in  what  may  be  termed  the  race- 
horse class,  namely,  those  that  possess  the  high- 
est velocity,  are  the  first  in  the  world.  Fifteen 
grooves  may  also  be  used,  or,  in  fact,  almost  any 
number  that  can  be  cut  by  a  machine. 

Recently,  however,  a  system  has  been  intro- 
duced which  bids  fair  to  supersede  all  the  inge- 
nious plans  at  present  in  vogue  for  making  the 
bullet  take  the  rifling— that  is,  expand  suffi- 
ciently to  be  acted  on  by  the  spiral  grooves  so 
as  to  'give  the  transverse  rotatory  motion.  We 
refer  to  the  system  of  breech-loading.  "When 
the  bullet  is  placed  in  the  barrel  by  the  muzzle, 
its  diameter  must  be  small  enough  to  allow  it  to 
enter  with  some  degree  of  ease.  But  in  that 
case  there  is  a  danger  that  some  of  the  bullets 
may  fail  to  be  rifled,  and  consequently  may  turn 
over  and  over.  They  then  go  astray.  Instead 
of  going  forward  like  an  arrow,  they  turn  head 
over  heels,  like  a  stick  thrown  from  the  hand. 
They  are  then  useless  for  all  practical  purposes, 
and,  in  addition,  are  extremely  dangerous  for 
target  shooting,  as  their  deviation  may  be  mucb 
greater  than  could  be  imagined  beforehand,  ne 
have,  in  fact,  known  cupped  bullets  perform 
antics  in  the  air  not  unlike  the  performances  of 
the  boomerang.  This  is  one  objection  attending 
the  muzzle-loader.  Another  objection  t^*' 
it  requires  more  time  to  load.  Another,  that  it 
a  flask  be  used,  there  is  always  the  possibiht.v  oi 
an  accident  by  the  blowing  up  of  the  flask,  me 
probabilitv  may  be  very  small,  but  every  season 
accidents  "of  this  nature  do  occur,  and  the  use  oi 
the  flask  gives  at  least  one  more  chance  of  danger. 

To  remedy  these  inconveniences,  the  brcecn- 
loader  has  been  introduced.    In  its  present  state 
it  is  sufficiently  perfect  for  use,  and  at  least  nvws 
the  muzzle-loader.    The  probability  seems  o  oe 
that  in  a  few  vears  the  muzzle-loader  _iviii»» 
laid  aside,  like 'the  flint-gun,  although  it  nins 
still  be  stated  that  hitherto  the  muzzlc-loaoer 
holds  the  first  and  best  place  for  good  ^^^^^^ 
rale  shooting.    No  breech-loader  has  yet 
constructed  to  surpass  the  muzzle-loader  in  acc 
rate  shooting,  although  the  former  lias  the  aa^au 
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sage  of  rapidity.  The  breecli-loading  system, 
loowever,  when  applied  to  the  rifle,  has  this  great 
-idvantage,  that  it  saves  all  trouble  regarding  the 
iiifling  of  the  bullet.  If  the  system  were  per- 
«cted,  there  cannot  be  the  slightest  doubt  of  its 
Dpperiority.  In  the  meantime,  so  many  new 
tbhemes  are  started  by  the  ablest  gunmakers  and 
laechanics  of  the  day,  that  no  long  period  can 
Islapse  before  the  best  and  most  practicable  system 
s  w  discovered. 

In  the  rifle,  the  breech-loader  assumes  the  form 
f  f  an  ordinary  piece,  with  some  small  variations 
sjquired  for  the  change  of  mechanism.  The 
aarrel  is  first  rifled  throughout.    At  the  breech 
nad  a  space  suflScient  for  a  cartridge  is  then 
efetermined  —  varying  in  length  according  to 
ililibre,  &c — and  the  rifling  is  bored  out  of  this 
laace — say  two  inches,  or  thereby.    This  chara- 
eer  is  made  large  enough  to  receive  the  cartridge, 
hhich  contains  a  bullet  of  greater  diameter  than 
lae  rifled  portion  of  the  barrel.    When  the  pow- 
eer  explodes,  the  bullet  is  driven  through  the 
aarrel,  and  fits  it  so  tightly,  that  no  gas  escapes 
)onnd  the  bullet.    There  is  no  windage.  Every 
iihllet  must  infallibly  be  rifled  if  the  cartridges 
rs'e  properly  made;  but  if  the  cartridge  case 
too  long,  and  enters  the  rifled  portion  of 
lae  barrel,  the  leaden  bullet  is  crushed  against 
lae  paper,  instead  of  being  crushed  into  the 
nrooves,  and  of  course  does  not  sutRciently  take 
lee  rifling.     The  ordinary  cartridges  sold  for 
pceech-loading  rifles  require  improvement  in  this 
sppect.    The  paper  or  pasteboard  case  projects 
no  far  forward  on  the  bullet. 
:  jhe  bullet  of  the  rifle,  next  to  the  barrel,  is  the 
jjtject  of  most  importance.    Almost  every  iraa- 
iiinable  shape  has  been  tried;  and,  according  to 
lee  purpose  for  which  the  gun  is  to  be  used,  dif- 
re'ent  shapes  have  their  respective  advantages, 
hae  elementary  shapes,  from  which  all  rifle 
iliUets  may  be  said  to  be  constructed,  are  the 
'Inhere  and  hemisphere  —  the  cylinder,  longer 
:  shorter ;  and  the  cone  or  conoid — the  cone 
i  lth  a  curved  side,  instead  of  a  straight  side, 
tae  sphere,  or  round  ball,  was  employed  until 
►^'out  fifteen  years  since;  and  the  true  reason 
aat  the  rifle  made  no  progress  was  the  fact  that 
1 3  round  ball  was  still  universally  in  use.  It 
now  disappeared,  or  is  employed  for  short 
i-.JUnccs.    At  100  yards  the  round  ball  shoots 
'  Well  as  any.    Beyond  that  distance  it  more 
■Id  more  shows  its  inferiority.    For  shooting 
"imals,  however,  at  short  dis'tances,  it  is  prob- 
•ly  as  efficient  as  any,  as  it  makes  a  big  hole. 
^  le  Americans,  for  their  wonderfully  accurate 
' ':)otmg,  use  a  conoid,  without  any  portion  of 
imder.    Tliey  are,  however,  compelled  to  use 
oadmg  muzzle,  which  may  be  described  as  a 
•isance  of  over  refinement.    The  military  bul- 
ls a  cylinder  with  a  hemispiiere  on  the  point, 
tl  a  cup  at  the  butt  of  the  bullet.    The  cupped 
'Het  is  never  to  be  depended  on  for  accurate 
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'oting,  though  well  enough  fur  military  pur- 


poses. The  best  bullet  we  have  ever  seen  fn 
practice  is  composed  of  the  hemisphere  for  the 
butt  or  part  next  the  powder;  then  two  rings, 
with  a  portion  of  cylinder  between  them ;  then, 
for  the  point,  a  gracefully  curved  conoid.  We 
have  shot  this  bullet  for  years  from  a  well-made 
rifle,  and  on  no  single  occasion  ever  saw  one 
bullet  go  astray;  and  this  circumstance  rifle 
shooters  will  recognize  as  a  fact  of  the  utmost 
importance  in  estimating  the  value  of  a  bullet. 
For  piercing  iron,  we  should,  on  the  contrary, 
take  a  blunt  bullet — in  fact,  a  cylinder  two  or 
three  diameters  in  length  would  be  nearer  the 
form  for  that  purpose. 

Next  to  the  bullet  is  the  patch,  or  piece 
of  greased  cloth,  placed  between  the  bullet 
and  the  barrel,  to  prevent  the  dirt  from  ac- 
cumulating. We  can  let  the  reader  into  a 
secret.  The  great  art  of  good  rifle  shooting  is 
a  straight  bore  and  plenty  of  grease.  Whatever 
ingenious  gunmakers  may  say  to  sportsmen  or 
rifle  shooters  who  are  afraid  of  dirtying  their 
fingers  or  soiling  their  gloves,  we  can  assure  all 
rifle  shooters,  that  without  plenty  of  grease  they 
will  never  make  good  shooting  with  guns  con- 
structed to  burn  gunpowder.  The  grease  is  not 
merely  for  the  purpose  of  making  the  ball  load 
easily,  but  for  the  purpose  of  preventing  the  pow- 
der caking  in  the  lower  part  of  the  barrel.  The 
best  rifle  in  the  world  can  be  thrown  out  of  its  shoot- 
ing by  firing  three  shots  with  it  without  grease ; 
and  many  guns  have  entirely  deceived  those  who 
shot  them  from  tliis  simple  circumstance. 

For  the  material  of  the  rifle  barrel,  we  are 
inclined  to  side  with  the  Americans,  that  fine 
cast-steel  is  superior  to  everything  yet  employed. 
It  is  coming  into  use  in  Great  Britain,  and  is 
approved  by  some  of  the  best  rifle  shots.  It  does 
not  show  a  figure  like  the  twisted  barrels,  but 
browns  plain.  Next  to  it  we  should  select  a  piece 
of  plain  good  iron,  such  as  the  Enfield  musket 
barrels  are  made  of.  But  the  sportsman  will  still 
probably  adhere  to  the  figured  barrel,  as  custom 
has  associated  it  with  the  best  class  of  fire-arms. 

The  powder  for  rifle  shooting  ought  to  be 
much  larger  in  the  grain  than  that  used  for 
the  shot  gun.  If  too  fine,  it  explodes  too  ra-, 
pidly,  and  jerks  the  bullet  out  of  shape.  A 
compressed  or  expanding  bullet  must  always  be 
driven  into  an  altered  shape.  It  becomes  shorter 
and  thicker.  But  too  fine  powder  blows  it  out 
of  shape;  and  this  the  Americans  call  upsetting, 
or  setting  up — a  term  which  English  writers 
have  confounded  with  upsetting,  or  turning  over. 

The  great  error  in  all  English  rifles  lias  been  the 
want  of  weight.  For  shooting  aninuils,  the  short 
dou'fle  rifle  is  the  right  wea|ion ;  but  for  the 
prat-Uce  of  the  art  of  rifle  sliooiiug  in  its  perfec- 
tion, weight  is  the  essential  next  to  a  straight 
hole.  If  the  hole  is  not  straight,  the  piece  is 
valueless.  But  weiglit  and  tiiickncss  are  neces- 
sary—i  ho  one  to  prevent  recoil,  the  other  to  prc- 
veut  cxpaiuiiun.  For  a  single-barrelled  rifle, 
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tliirty  inches  long  and  eighty  bore,  seven  or  eight 
poll  I  i  ds  are  not  an  ounce  too  much  for  the  bare 
barrel,  without  ribs  or  patent  breech.  The 
viiluntoer  rifle  now  used  is  a  remarkably  good 
weapon  for  its  purpose ;  but  it  would"  shoot  in- 
coniparably  better  if  loaded  with  flask  and  patch, 
instead  of  the  hideous  cartridge,  tliat  seems  de- 
signed to  prevent  the  gun  shooting  well.  From 
tlie  cavity  in  tlie  Government  bullet  being  so 
deep,  the  powder  pinches  the  sides  of  the  cup 
against  the  barrel  as  poweifully  as  if  the  lead 
were  held  in  a  vice,  and  the  head  of  the  bullet 
is  blown  away,  leaving  the  ring  of  lead  in 
the  barrel,  to  complicate  the  after  proceedings. 
These  cupped  bullets  are  quite  erroneous  in  prin- 
ciple when  the  sides  of  the  cavity  are  parallel 
with  the  barrel. 

In  the  form  of  a  pistol,  the  rifle  is  a  most 
efficient  weapon.    The  revolver  is  only  a  rifled 
pistol  with  a  repeating  cylinder,  with  five  or 
six  chambers,  each  of  which  contains  a  charge. 
After  each  shot,  when  the  finger  is  pulled  for 
another  shot,  the  cylinder  revolves,  so  as  to 
being  a  new  chamber  in  presence  of  the  single 
barrel,  and  the  bullet  is  driven  through  the 
barrel'  when  the  explosion  takes  place  in  the 
chamber  of  the  cylinder.    This  pistol  is  one  of 
the  best  weapons  that  ever  was  constructed  for 
rapid  performance.    If  a  certain  number  of  men 
in  each  regiment  were  armed  with  them,  if  the 
seamen  and  marines  were  supplied  with  them, 
and  if  the  volunteers  were  to  adopt  them,  in 
adJition  to  the  rifle  and  artillery  gun,  the  Bri- 
tish nation  would  be  so  absolutely  impregnable, 
that  no  hostile  force  could  touch  our  shores  with- 
out certain  and  inevitable  destruction.    In  the 
form  of  cannon,  the  rifle  has  recently  been  con- 
verted into  tbe  most  formidable  arm  that  the 
world  has  ever  seen.    Sir  William  Armstrong 
has  produced  guns  which,  though  fearfully  ex- 
pensive in  manufacture,  are  yet  completely  suc- 
cessful in  performance.    The  range  these  guns 
command  would  previously  have  been  considered 
impossible— at  least  by  military  engineers.  The 
first  successful  cast-iron  rifled  cannon  appears  to 
have  been  rifled  in  the  city  of  Glasgow,  in  the 
month  of  June,  1858. 

Rigi<Iigr.  A  body  is  said  to  be  rigid  when 
the  connections  of  its  parts  are  supposed  to  be 
capable  of  destroying  some  force  tending  to  break 
them.  In  the  last  part  of  article  Rotation,  it 
will  be  seen  how  the  rigidity  of  a  rotating  body 
cimses  a  definite  percussion  and  a  definite  per- 
manent pressure  upon  the  rotating  axis. 

Koois  of  li.|ua«ioii8.  Suppose  the  follow- 
ing equation  given 

xn  +  pi  a;"-'  +  P2X   -P"  =  0' 

all  quantities,  a,  b,  c,  &c.,  which,  being  substi- 
tuted for  X,  satisfy  this  identity,  are  called  roofs 
of  the  equation.  It  is  the  object  of  the  theorj'  of 
equations  to  discover  those  roots  in  every  case. 
To  efl'cct  the  general  solution,  would  be  to  obtnui 
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an  expression  for  x  in  terms  of  the  co-eflicients 
P1P2,  &c.,  just  as  is  done  for  quadratics.  This 
has  yet  only  been  accomplished  generally,  for 
such  as  are  of  no  higher  than  the  fourth  order. 
But  methods  have  been  obtained  which  give 
either  accurately  or  approximately  the  numerical 
values  of  the  real  roots  of  numerical  equations. 
The  general  propositions  upon  which  these  two 
processes,  so  far  as  they  are  complete,  depend, 
constitute  the  theory  of  equations. 

If  a  quantity  a,  satisfies  the  equation/a:  =  0, 
then/ a;  is  divisible  by  a;  —  a  without  remainder. 
Let 


-  =  Q  + 


R 


X  —  a 

the  division  being  carried  on  until  R  contains  no 
power  of  X.  Hence  R  wiU  remain  the  same 
whatever  special  values  are  given  to  x. 

fx  =  q  (x—a)  +  E.    Let  a;  =  o 
Then/n=Q  x  0  +  E,ii  being  the  same  as  before. 
But  /  a  =  0,  Q  X  0  =  0,  hence  R  =^0. 

Therefore,  J-—  =  q,  without  remainder. 
X  —  a 

For  the  actual  division  it  will  be  easy  to  prove 
this  rule,— in  the  quotient,  the  co-efficient  of 
a;"  - 1,  the  first  term,  is  unity,  and  the  co-efficients 
of  the  other  terms  are  formed  by  multipljing  that 
of  the  preceding  by  a,  and  adding  the  co-efficient 
of  that  term  m  /  a;,  which  involves  the  same 
power  of  X  as  the  preceding  term — Assummg, 

then,  that  a,  6,  c,  &c.,  I  satisfy'  the  equation 

X  —  a,x  —b,x  —  c,  &c.,  wiU  divide  it  accurately, 
and  we  shall  have /a;  =  («— a)  (x  —  b) 

—  c)  (x  —  d),  &c.,  (x  —  l),  where  the 

number  of  the  roots  a,  b,  c,  d  I  is  n,  the 

same  as  the  order  of/.r.  If  any  of  these  factore, 
x  —  a,  x  —  b,  &c.,  be  equal,  we  shall  have 
fx  =  (a;  —  a)'»  (a;  —  &)«  {x  —  c)p,  &c.,  where  > 
m,  n,p,  &c.,  indicate  the  nmnber  of  times  of  re- 
petition of  that  factor  to  which  it  is  attached 
We  mav  consider,  then,  that  all  forms  in  x,  such  ; 
as  fx,  are  really  the  products  of  certaui  factors  I 
of 'the  first  order,  x  —  a,  x  —  b,  &c.,  n  in  num- 
ber Now  we  shall  clearly  obtain  complete 
solution  of /a;  =  0,  if  we  can  reduce  it  to  this 
factorial  form. 

For  i{x  =  a,/x  =  (a  —  a)  (o - 6)  = 
And  so  for  x  =  any  of  the  quantities,  b,  c,  rf, 
And  no  other  quantity  but  a,  b,  c,  d,  &c,  cMi 
satisfy  the  equation.  For  if  it  could,  let  e  be  Oie 
quantity.  Then 

fe  =  (e-  a)  (e  -b)  {e-  c)  (e  -  0_ 

which  cannot  be  equal  to  0,  because  none  of  ite 
factors  is  so.-If  by  trial  wth  two  values  a,  6, 
wc  obtain  fa,fb  of  diifcrent  signs,  then  at  least 
one  root  lies  between  a  and  b.  For  m  passmg 
slowly  from  a  to  b,  as  we  pass  from  one  side  of 
zero  to  the  other  with  fx,  there  must  be  a  point 
where  fx  passes  through  zero, -that  is,  mus  K 
a  value  c  between  a  and  6,  which  is  a  root  of| 
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fx  —  o.~If  ;>  be  the  greatest  co-efficient  in /a;, 
without  regard  to  sign,  it  is  easy  to  show  that 
for  ^  +  1,  and  everj*  greater  value,  fx\s,  posi- 
tive ;  also  for  —  (  ^;  +  1)  and  every  less  value 
(negative  but  numerically  greater),/ a:  is  posi- 
tive or  negative,  according  as  n  is  even  or  odd. 
By  using  this  proposition  with  the  last,  and  con- 
sidering the  value  of  /"x  for  a;  =  o,  we  shall  see 
that  every  equation  of  an  odd  degree  has  at  least 
one  rciil  finite  root,  of  a  sign  contrary  to  that  of 
its  last  term,  and  every  one  of  an  even  degree 
has  at  least  two  finite  roots  of  difierent  signs. — 
Another  proposition  assisting  us  in  determining 
the  numher  of  real  roots  is,  that  impossible  roots 
enter  equations  in  pairs.  Let  a  +  &  V  —  1  be 
a  root    Then  the  substitution  will  give  p  +  q 

V  —  1  =  0,  an  equation  only  satisfied  for 
p  =  o,  Q  =  0.  Again,  substituting  in/" ar,  a  —  h 

V  —  1  for  X,  we  have  p  —  q  —  1,  which 
must  also  be  o.    Tlierefore  if  a  +  S  V  —  1  be 

.  a  root,  a  —  h  V  —  1  is  so  also.  These  propo- 
1  sitions,  then,  give  certain  rough  approximations 

I  to  the  number  and  value  of  these  roots  Before 

1  proceeding  further,  it  is  better  to  obtain  power  to 
I  transform  equations  into  certain  others,  whose 
I  roots  bear  special  relations  to  those  of  the  first, 
I  before  those  of  the  first  become  known.  Consider, 
t  then,  in  {x  —  a)  (x  —  b)  (x  —  c)  &c.,  what  the 
<  co-efficients  are.     Evidently  the  co-efficient  of 

is 
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/)'  pi 

—,  and  by  increasing  the  roots  by  — ,  we  get  rid 

of  the  second  term  of  the  equation. 
Similarly,  for  the  thu-d  term,  we  must  have  =  o 
11'  (^n  —  1) 


/r  +  (n —  l)iJi  A  +  p2  — 


;  a;»-i  i3  —  (a+b  +  c  +  &c.),  that  of  a;»-2 

ab  +  ac  +  &c.,  viz.,  the  sum  of  the  product  of 
i  eveiy  two  quantities  a,  b,  c,  &c., — that  of  the 
t  third  is,  the  sum  of  the  products  of  every  thiee, 
and  so  on.  Hence,  if  we  have  the  equation 
(x  +  a)  (x  +  b)  (x  +  c)  &c.,  =  0,  in  which  the 
roots  are  those  of  the  last,  with  their  signs 
changed  in  every  case,  the  first  term  remains 
the  same, — the  second  changes  its  sign, — the 
third  remains  the  same, — the  fourth  changes 
its  sign,  and  so  on.  Hence,  to  change  the  signs 
of  the  roots  of 

a:»+i)ia;— 1  +P23^-^  +  Pn  =  o, 

we  have  only  to  write 

!e^—Pi  ar»-i  +;j2a;»-2  ±p„  =  o, 

'  for  the  new  equation.    Again,  suppose  we  wish 
to  change  the  roots  by  adding  or  subtractmg  one 
uniform  quantity  from  each.    Thus,  to  subtract 
«  from  the  roots,  we  have  only  to  substitute 
i  x  +  h  hr  x  in  the  equation  f  x  =  o,  which 
-  gives  us  the  new  equation 


1-2 

and  so  for  the  other  terms.  Solving  these  equa- 
tions we  get  values  of  h,  by  which  the  roots  mu«t 
be  diminished.  This  is,  in  fact,  as  the  reader  will 
see,  the  process  for  quadratic  equations. — Only 
one  other  transformation  need  be  noticed — that 
in  which  each  root  is  made  a  constant  multiple 
of  the  original  one.    Thus,  instead  of 

(x  —  a)  (x  —  6)  (x  —  c)  &c., 
we  are  to  have 

(x  —  ma)  (x  —  m 5)  (x  —  mc)  &c 
Remembering  how  pi  p2  ps  &c.,  are  constituted, 
it  will  at  once  be  seen  that  if 

(x—a)  Qc—b)  Scc^—x^+pi a;""'  +i'2  a^" ••■Pb 
{x  —  ma)  (x  —  m b)  &c., 

=  a;"  +  mpi  a;"~^  +      p2  x'^~^         w."  pn 

By  means  of  this  transformation  we  can  evi- 
dently get  rid  of  fractions  in  the  co-efficients 
taking  m  as  the  l.  c.  m.  of  the  denominators,  or 

sometimes  a  less  number  Returning  to  the 

theory  as  distinguished  from  these  auxiliary 
problems,  we  may  state  the  following  proposition. 
Quantities  between  which  the  real  roots  of  an 
equation  lie  when  substituted  for  x,  give  results 
alternately  positive  and  negative.  Let  a,  b,  c, 
&c.,  be  the  real  roots  in  order  of  magnitude, 
and  <p  X  the  part  containing  the  impossible  roots, 
which  is  necessarily  positive  and  of  even  order. 
Then 

fx  =  (x  —  a)  (x  —  b)  (x  —  c)  tpx 

If,  here,  a  quantity  greater  than  a  be  substituted, 
all  the  terms  are  positive, — if  one  between  a  and 
b,  we  have  one  negative  factor,  and  all  the  rest 
positive, — if  one  between  b  and  c,  two  negative 
factors,  and  therefore  a  positive  result, — if  be- 
tween c  and  d,  three  negative  factors,  and  a  ne- 
gative result,  and  so  on.  Hence  the  proposition. 
Again,  suppose  all  these  roots  lie  between  a.  and 
A,  and  that  these  are  all  the  real  roots.  Then 

/«_  (at  —  g)  (g — b)  (g — c)  (a — 0 


fk+f'h-x  + 


.af=  o 


f'^h  frh 
^2'      "■  ^  r 
'  the  sign  ^  r  standing  for  the  product  of  all 
'  whole  numbers  up  to  r.    Clearly  one  use  that 
may  be  made  of  this  is  to  take  away  one  term 
of  an  equation.    To  take  away  the  second,  for 
example,  we  must  have  n  h  +  p,  whicii  is 
'tlie  new  co-efficient  of  a;"-',  =  o  .:  h  =  — 


^  36 


(fi-a)(fi-b)  (/3-c)  03-/) 

Now,  0  a  and  0  (i  are  both  of  one  sign,  because 
<p  X  has  no  root  between  «.  (i.  Also  one  set 
(«  —  n)  (a  —  6),  (o5  —  c),  &c.,  are  all  negative, 
and  the  otiicr  all  positive.  Hence,  the  imwbcr  of 

roots,  a,  b,c,  I,  which  lie  between  a  and  fi.  is 

odd,  if  fa  an(l./'/2  have  dideiviu,  signs,  and  even 
if  they  have  the  same  sign.  Tliis,  however,  sup- 
poses the  roots  to  occur  nim/h/.  It  will  be  evident 
that  in  tlieso  propositions  indications  are  given  of 
a  real,  but  very  loose  tentative  approximation  to 
numerical  roots.  If,  indeed,  one  could  find  as 
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many  quantities  as  dimensions  of  fx,  which 
gave  results  alternatively  positive  and  negative, 
we  should  evidently  have  these  as  limits  between 
which  the  roots  must  lie.     If,  further,  we  can 
lind  limits  beyond  which  we  can  look  for  no  roots, 
otlier  approximate  quantities  are  obtained.  We 
have  seen,  for  example,  that  if  2?  be  the  greatest 
co-efficient  without  regard  to  sign,      +  1)  and 
—  (  p  +  1)  are  limits  beyond  which  there  are  no 
roots.  By  the  very  same  proof  we  may  show  that 
if  ^'  be  the  greatest  negative  co-efficient,     -f-  1 
is  a  limit  of  positive  roots,  narrower,  usually,  than 
the  preceding.  One  of  the  most  convenient  prac- 
tical limits  is  obtained  thus : — Each  negative  co- 
efficient taken  positively  is  divided  by  the  sum 
of  all  the  positive  co-efficients  which  precede  it, 
and  the  greatest  of  the  fractions  thus  formed  is  a 
superior  limit  of  the  positive  roots.    All  these 
methods,  however,  give  but  very  wide  limits  to 
the  roots.    What  is  called  Newton's  method  of 
the  Limits  of  Roots,  depends  on  the  principle 
that  aU  values  which  make  / x,  and  all  tlie  de- 
rived equations  positive,  are  superior  limits  of 
positive  roots.    This  will  be  evident  by  substi 
tuting  X  +  A  for  x,  so  as  to  have 

+  h)^fx  +fx .  h  +  &c.,     =  0 

where  it  is  manifest,  that  if  all  the  co-efficients 
be  positive  for  any  value  x  of  x,  h  must  be  ne- 
gative,— that  is,  X  +  h  must  become  x'  —  /*', 
quantity  less  than  x'.    What  is  called  Waring's 
method,  is  also  commonly  used  for  equations  of 
not  higher  order  than  the  fourth. — The  last  of 
what  we  may  call  propositions  of  approximation, 
which  we  shall  note  here— is  Des  Cartes'  rule 
of  signs.    It  is,  that  no  equation  can  have  more 
positive  real  roots  than  it  has  changes  of  sign 
from  +  to  — ,  and  from  —  to  +  ;  and,  again,  no 
complete  equation— that  is,  supplying  void  places 
as  by  0  X™ — can  have  more  negative  roots  than 
continuations  of  the  same  sign. — We  pass  now 
from  these  methods  of  approximation  to  such  as 
give  us  at  all  events  the  accurate  number  of  real 
roots,  and  the  position  about  which  each  of  theselies 
Of  these  there  are — Solutions  of  Cubics,  as  Car- 
dan's Rule,  and  of  Biquadratics  by  reduction  to 
Cubics,  by  Euler's  and  Des  Cartes'  method.  Each 
of  these  processes  enables  us  to  find  complete  solu 
tion  of  even  purely  symbolical  equations ;  but 
the  results  come  in  such  a  form,  that  they  are 
only  of  practical  use  when  there  are  two  impos- 
sibfe  and  two  possible  roots,— in  the  cases  where 
three  or  all  of  the  roots  are  possible,  wo  should 
have  symbolical  expressions  containing  impos- 
sible forms,  from  which,  however,  it  is  impossible 
to  disentangle  them.    But  there  is  a  theorem, 
Sturm's  theorem,  which  gives  a  complete  prac- 
tical solution  to  any  numerical  equation  of  what- 
ever order,  so  far  as  its  real  roots  go.    A  still 
simpler  prelimimry  principle,  however,  enables 
us  to  lind,  not  merely  in  approximation  but  with 
comi.lcte  accuracy,  aU  the  equal  roots  of  any 
equation.  Let 
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/x  =  (x  —  0)''  (x  —  l)(x  —  c)  (x—  ?) -(x. . .  0 
Then  x  =  (x  —  af  | (x  —  i)  &c.,| 

+  (x  —  b)  (x  —  c    c.  (x  —  a) 

Therefore,  f^  x  and  f  x  have  the  common  measure 
X — a.  Hence,  by  taking  the  o.  c.  31.  of  y x 
andy'  X,  we  obtain  (x  —  a),  and  we  know  that 
it  is  repeated  twice  in  the  equation  fx  —  0. 
If  we  have 


e.g.  fx  —  (x  —  a)"  (x  —  ft)"  (x  —  c)  p,  &c., 

f^X  =  X  |x  — ffl)"-^  (x— ft)"-! 

(x_c)P->,  &c.,|- 

the  G.  c.  M.  of  which  will  be 

(x  —  a)«^-\(x—by-\x—cy-\  &c. 
Similarly  the  G.  c.  M.  of/'  x  and/"  x  will  be 
(a;  _ a;"— 2     _  6)„_2  (x  —  c)p-2,  &c., 

and  so  on,  until  we  reduce  by  successive  divi- 
sions, to  the  last  equal  root,  (x  —  a).  When, 
therefore,  we  have  an  equation  presented,  the/r.^? 
process  is  to  detect  and  remove  the  equal  roots. 
This  presents  no  difficulty.  Suppose/x  =  o,  to 
be  fi-eed  from  equal  roots.  Then  Sturm's  theorem 
applies.  Let  fi  x  be  the  first  derived  function 
fi-om  fx.  Find  the  g.  c.  m.  of/x  and/i  x,  and 
change  the  signs  of  the  remainder.  Let  /2  x  be 
this  remainder — proceed  with  it  and  fx,  so  as 
to  find  their  g.  c.  m.  ;  and,  again,  change  the 
signs  of  the  remainder,  and  proceed  in  this  way. 
until  we  reach  a  number  as  the  last  remainder. 

Then  if  fx,  fx  x,  /g  x  fx  be  the  series 

of  modified  remainders,  Sturm's  theorem  is,  that 
the  difference  of  the  number  of  changes  of  sign  in 
the  results  of  the  substitution  of  a.  and  hfor  x  t» 
those  quantities,  expresses  the  number  of  re/d 
roots  (/f  X  =  o,  which  lie  beticeen  a  and  b.  This 
theorem  we  shall  prove,  and  show  how  to  apply. 
Call  the  successive  quotients      (7.1,  tlien, 
since  the  remainders  are — fi  x,  fz  .r,  vSlc,  we  have 
/  X  =  qiA^e  —  fx 
fx  =  q^f^x  —  /s^ 
!/2  a:  =  23  /s  ^  —  /4  ^ 


fn-\X  =  Jn  fx^  —  fn-^\  ^ 
=  /«-!*  — 

Now,  since  fx,  and  f  x  have  no  common  mea- 
sure, ihe  last  remainder/,  x  is  necessardy  a  num- 
ber. Hence  no  two  successive  numbers,  /„  x 
and/„+i,x  can  both  become  O.forany  value  ofx. 
Because  in  that  case  /„  +  2X  =  0,  fm+s  x  =  0 
and  so  on,  therefore  /„  x  =  0.  But  this  can 
never  be  so,  since  it  is  independent  of  the  value 
of  X.  Again,  any  one  value  which  makes  one 
of  the  functions  4  x  vanish,  reduces  the  two  ad- 
jacent to  have  dilferent  signs.  Now,  suppose  the 
-I'.ue  X  =  c,  to  make  one  of  the  auxiliary  func- 


tions /«•  X  vanish,  without  making /x  vanish. 
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•  then  we  shall  seek  the  effect  upon  the  number  of 
c  changes  of  sign  in  passing  through  c,  that  is,  for 
t  c —  h  and  c  +  A  where  A  is  a  quantity  infinitely 

>  small.    We  need,  evidently,  onlj'  consider  those 

+  1  a;,  because  no  alteration  in 
;  the  order  of  signs  will  at  all  be  made  whichaver 
value  c  —  /t,  c,  or  c  +  /t,  is  substituted  in  any 
.'Other  but/m  x.    Thus,  then,  uniting  c — A  in 
;  those  three,  we  have 

/m_  c,  —  hf^c,fm+  c. 

•And  since  Jl„  c  vanishes,  we  have,  as  alreadv 
-shown,  different  signs  for/m_iC,  and fm  +  ic. 
I  Therefore  there  is  one  change  of  sign.  Now,  sub- 

■  stituting  c  +  h  for  x,  we  find 

»-which  similarly  has  one  change  of  sign.  There- 
ffiire  in  passing  through  c,  which  is  any  root  of 
:  any  of  the  equations  x  =  o,  except  the  ori- 
;ginal/z  =  o,  there  is  no  change  of  sign  lost. 

>  Suppose,  again,  that  x  =  c,  makes  fx  =  o, 
vanish.    Then  we  need  only  consider  fx,  /j  x. 

>Sub3titutkig  c — h,  and  c  +  h  successively,  we 
i.have 

—  hf'cf'c 
+        c,  f  c 

Iiln  the  first  of  which  there  is  a  change,  and  in 
•:the  second  a  continuation  of  signs.  Therefore, 
:  in  passmg  upwards  through  any  value  c,  which 
L-is  a  real  root  of  fx  =  o,a.  real  change  of  sign  is 
'.  lost.    Thus,  evidently,  in  passing  regularly  up 
^ -from  any  limit  a  to  any  other  b,  there  will  be 
lost  just  as  many  changes  of  sign  as  there  are 
real  roots  of  the  equation,  a  being  the  less  and  b 
the  greater  of  the  limits.  Hence,  then,  the  num- 
ber of  real  roots  between  any  two  limits  chosen 

■  arbitrarily  can  be  at  once  found  by  means  of 
-isturm's  auxiUary  functions.    All  real  roots  are 

between  —  oc  and  +  oc.  Therefore,  by  substi- 
tutmg  these,  we  can  find  the  total  number  of 
real  roots.  It  is  evident  that  this  is  the  same  as 
'  formmg  the  first  terms,  containing  the  highest 
i  power  of  X  into  a  series,  and  then  changing  x 
J  iinto  —  X,  and  seeing  how  many  changes  of  sign 
"••are  gained.  By  means  of  this  theorem,  then,  we 

ican  find— </ie  number  of  real  roots  altogether  

tlie  number  of  real  roots  between  arbitrary  limits. 

If,  for  example,  we  find  between  +  10  and  10, 

three  real  roots,  we  can  interpose  the  other  limit 
A  and  thus  find,  say,  two  real  roots  between 
'  and  +  10,  and  one  between  0  and —  10.  Tlie 
latter  we  can  treat  by  finding  whether  it  is  be- 
t^TOn  0  and  —  b,  or  —  5  and  —  10,  and  so  on, 
imrrowmg  the  limits  until  we  obtain  any  degree 
>>  approximation  desired.  We  see,  tlicn,  that 
Sturm's  tiieorem  enables  us  certainly  to  find  all 
;'ie  real  roots  of  any  numerical  equation,  to  any 
Jogree  of  accuracy  that  may  be  desired. 
Take,  for  example,  ar'  —  7  a;  +  7  =  0. 


Here     /I  a:  =  3  a;^  —  7)  3  a;'  —  2  Ix  +  2  1 
3  a;'  —  7  a: 


—  1-1  a;  +  21 
/2  a;  =  2  a:  —  3)  6  a!2  —  14  (3  a;  +  f 
6  a;  '-  —  9  x 


9  a;- 
9  X- 


14 

2  7 

i 


/ax^  +1 

The  leadkig  terms  are  all  +  here,  hence,  substi- 
tuting —  X  for  X,  there  would  be  as  many  as  three 
changes  of  sign,  therefore  all  the  roots  are  pos- 
sible. Also  +  2,  gives  the  same  sign  as  +  «  , 
hence  we  need  not  go  higher. 

/a;    /i  X 
+ 


+ 


+ 
+ 

+ 


ar  =  2  + 

1  +  — 

0  +  — 

—  1  +  — 

—  2  +  + 
■ —  3  -f-^  +    + 

—  4      --'••"^  -4-     _  + 

and  since  —  4  gives  the  same  series  of  signs  that 

—  oc  does,  we  may  stop  here.  Hence,  looking 
at  the  table,  we  see  that  two  real  roots  lie  be- 
tween +  2  and  +  1,  and  one  between  —  3  anci 

—  4.  To  separate  the  two  between  1  and  2, 
try  a;  =  i,  then  we  have 

—  —  0  + 

in  which  there  is  one  more  change  than  in  the 
first,  and  one  less  than  in  the  second  line.  Hence, 
one  root  lies  between  2  and  1-5,  and  one  between 
1  -5  and  1.  It  is  easy  to  see  how  to  carry  the 
process  further  to  any  approximation.  In"  pro- 
ceeding, then,  to  the  solution  of  a  numerical 
equation,  we  should  first  find  the  equal  roots  and 
di^ade  by  them,  so  as  to  have  the  equation  as 

fx  =  (x  —  a)  {x  —  b)  .(x  —  c)  &c.,  =  o 

Next  proceed  to  form  Sturm's  auxiliary  func- 
tions, /i  x, /2  X,  &c.  Then  apply  some  of  the 
principles  of  approximation,  which  give  the  limits 
of  roots,  which  have  been  noted  above.  Substi- 
tute these  limits,  and  any  number  of  numbers 
between  them  in  Sturm's  auxiliary  functions, 
and  note  where  changes  of  sign  occur,  and  how 
many  there  are.  Where  there  is  more  than  one 
change  of  sign  between  two  consecutive  values 
choose  intermediate  ones,  until  the  separation  is 
completely  effected. — There  is  another  equallv 
general,  but  perliaps  more  troublesome  pro- 
cess, called  after  its  discoverer,  Fourier ;  and 
many  processes  of  quite  special  but  imjjortant 
application  for  reciprocal  equations  —  approxi- 
mations by  means  of  continued  fractions,  &c. 
For  fidl  exposition  we  nmst  refer  the  reader  to 
Hymer's  or  Young's  Theory  of  Algebraical  Equa- 
tions. 

Roiniioii.  We  can  conceive  of  a  bodv  as 
moving  round  a.  fixed  axis,  or  definite  line.'  In 
this  conception  all  is  distinct— we  see  that  one 
rate  of  motion  belongs  to  tlio  whole  body,  that 
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all  points  at  equal  distances  from  the  axis  move 
in  equal  circles,  and  with  uniform  velocities.^  We 
can  picture  the  motion  of  every  single  point  of 
the  body,  as  a  simple  course  with  whose  whole 
character  we  are  familiar,  and  whose  position  in 
space  we  can  at  once  determine.    Again,  we  can 
conceive  of  a  body  as  moving  round  a  single 
point,  fixed  in  the  body.    Here  there  is  by  no 
means  the  same  simplicity— what  paths  the  body 
may  describe  in  space,  it  is  very  difficult  to  grasp, 
so  as  to  be  able  to  follow  completely  every  single 
particle  in  its  course.    Both  these  conceptions 
are  purely  Ciwe?)iaft"ca?— connected  with  the  geo- 
metrical theory  of  motion  per  se,  apart  fi-om  aU 
discussions  of  its  cause.    But  evidently  the  ele- 
ment of  cause  may  be  added,  and  we  may  have 
given  us  to  discuss  the  character  of  the  motions 
which  wiU  result  from  the  application  of  certain 
definite  forces  to  the  body,  which  is  made  to  rotate. 
This  is  the  dynamical  part  of  the  subject.  We 
shall  trv  to  exhibit  briefly  the  more  important 
propositions  m  both.    It  is  evident  that  rotation 
round  an  immovable  axis  in  no  way  changes  the 
fin-m-e  of  the  body.    Internally  it  remains  quite 
the  same,  if  the  body  be  perfectly  rigid.   We  can 
readilv  see  what  is  a  fit  measure  of  the  amount  of 
rotation.    All  the  points  describe  in  the  same 
time  arcs  of  a  circle  in  a  plane  perpendicular  to 
the  axis  of  rotation,  which  are  proportional  in 
length  to  their  radii.    Hence  the  standard  of 

velocity  may  be  taken  =  which  is  con- 

stant for  the  whole  body.  This  is  the  same, 
then,  as  the  measure  of  actual  velocity  of  a  pomt 
for  which  the  radius  is  1.  Hence  if  ^  =  mgvr- 
Arc 


lar  velocity  = 


Sr  =  absolute  velocity. 


Radius 

Suppose  two  movements  of  rotation  round  axes 
o  j3,  o  g,  which  are  lines  in 
proportion  of  the  angular 
velocities  p  and  q.  Then 
these  two  rotations  can  be 
destroyed   and  completely 
replaced  by  one  rotation, 
the  magnitude  and  direc- 
tion of  whose  axis  are  re- 
presented by  o  o',  the  dia- 
gonal of  the  parallelogram 
on  O  i?,  O  q.    Suppose  any 
point  m,  of  the  body  in 
the  angle  which  is  sup- 
plemental to     O,  q.    Draw  from  m  perpendicu- 
lars .X,  y,  A,  on  o    oq,o  o'.  Then,  in  consequence 
of  o«-supposing  the  rotations  in  the  same  direc- 
tion—the  point  m  mil  be  raised,  let  us  say,  ti-om 
the  plane  of  o,;7,  q,  with  a  velocitj- i>  .r.  Agam, 
in  c<)nsequf>nce  of  the  rotation  q,  it  will  be  raisea 
with  a  velocity  q  y.  Therefore  it  is  raised  with  ve- 
locity px  +  qy.  But,  by  a  well  known  geometrical 
property,  o    .  x  -f  o  g .  y  =  O  o'.  A,  or  px     g  y 
=  .  h\  and  o'  h  is  the  velocity  with  which  a  rota- 
tion round  o  o',  with  angular  velocity  I,  would 
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lift  the  body.    Hence  the  two  rotations  as  re-    }  ; 
spects  TO,  that  is,  any  point  in  the  plane  o  p  g  can 
be  replaced  by  the  rotation  d.   But  the  whole  body 
moves  with  this  plane,  so  that  the  proposition 
holds  true  generally.    We  mast  lay  doiv-n  here 
a  convention,  however,  for  the  geometrical  repre- 
sentation of  rotatory  movement— the  Une  which 
represents  it  is  uniformly  along  the  axis  of 
movement— proportional  to  the  angular  velo- 
city, and  drawn  m  that  one  of  the  two  direc- 
tions of  the  axis  from  any  given  pomt,  which 
lets  one  see  the  rotation  as  one  would  see  the 
hands  of  a  watch.    Thus,  for  a  rotation  which 
to  one  lookmg  down  on  a  watch  held  in  his 
hand,  appears  m  the  same  du-ection  as  the 
hands,  the  Ime  which  measures  rotation  would 
have  the  point  o  at  the  watch  face,  and  op  would 
be  measured  outwards  towards  the  holder  of  the 
watch,  proportional  to  the  angular  velocity.  Ano- 
ther illustration— and,  in  fact,  the  real  origm  of 
the  convention— is,  that  the  apparent  rotation  of 
the  sun  would  be  measured  by  a  line  drawn  fi-om 
the  echptic  plane  towards  spectators  in  our  north- 
ern latitudes.    Motion  in  the  opposite  du-ection  is 
measured  by  Imes  drawn  from  the  ecliptic  plane 
away  fi-om  the  spectator.    Using  this  convention, 
we  see  that  o  p,  o  g,  represent  rotations  -n-hich 
move  m  up  from  the  plane  of  the  paper.  Con- 
sider now  a  point  in  the  angle  opq  itsel£  Then 
the  rotation  O  p  will  move 
it  up  and  o  q  move  it  down. 
Hence  —p  a;  -f  g  y  is  the 
resultant  rotation.  Also,  oo' 
moves  the  body  up  or  down 
accordmg  as  to  is  in  ^  o  o', 
or  in  g  o  o'.  Hence,  accord- 
ing to  these  suppositions — 
p  X  -\-  q  y  ought  to  be 
equal  to  +  o'  h,  or  —  o'  h. 
We  know  this  to  be  the  ; 
case  from  the  geometrical  proposition  afore- 
said.   Hence  m  all  cases,  two  rotations  roui^ 
axes  passing  through  one  point,  can  be  cou 
pounded  into  one,  upon  identically  the  same 
principle  as  forces  acting  at  a  pomt  are  com- 
nounded     There  is  therefore  a  paralldogi->^ 
of  rotations.    It  is  an  immediate  cousequc-^ 
that  there  is  also  2.  paraUdopipcd  ofrotatto^ 
that  is,  if  any  rotations  o  j.,  o  g,  o  r,  be  replam^ 
the  diagonal  o  o'  of  the  paralleloinped  which  th  y 
form  is  their  resultant    Hence,  indeed,  an.> 
number  of  rotations  whose  axes  all  pass  throutrn 
a  pouit  can  be  compounded  according  to  the  sa 
laws  as  the  same  number  of  forces  proportion U 
to  them.    Wc  indicate  here  an  immediate  gei^ 
metrical  inference  from  the  cincraatical  pnncM 
just  proved.    If  any  point  m,  not  in  the  pla 
o  p  k  be  taken,  and  x  y  h  draAra  then  p  x,jy< 
o'  h  are  again  proportional  to  tlie  rota  ions  for 
TO.    Also,  these  are  proportional  to  the  trian^e^ 
m  op,  m  o  o',  TO  o  g,  and  the  direction  of  mo  on 
is  pefpendiculkr  to  these  planes,  so  that  the  lines 
of  motion  for  each,  form  the  same  angles  as  tae 

56 


ROT 

planes.    But  these  lines  of  motion  form  the  sides 


.1  and  diagonal  of  a  parallelogram.    Hence  the 

■  three  triangles  stand  to  one  another  in  the  same 
r  relation  as  the  sides  and  diagonal  of  a  parallelo- 
:  gram,  whose  sides  and  diagonal  contain  the  same 
■■  angles  as  the  triangles  do.   This  proposition  can 

be  proved  quite  independently ;  hut  it  comes  out 
d  as  a  rer^'  beautiful  consequence  of  the  principles 

of  rotation. — Proceeding,  then,  according  to  the 
i  analogy  of  the  theory  of  forces,  which  is  now  sug- 
gested, consider  two  ro- 

■   P    tations,  p  and  q,  round 

parallel  axes,  op,  o  q. 
Suppose  m  a  point  in  the 
plane  of  rotation.  Then 
ht  m  =  X,  A  B  =  a  (the 
perpendicular  distance  of 
the  axes.)  Here  m  will 
be  lifted  p  x  hy  p  and 

■  q  (a  +  x),  by  b.  Hence  altogether  m  will  be 
1. lifted  witia velocity 2?  x  +  qa  +  q  x.  Onerota- 

f'tion  p  +  q,a.t  distance  m  c     P  a:  +  qa  +qx  , 

p  +  q 

« wiU  then  produce  the  same  effect  upon  this  one 
[<pomt  VI. 

poc  +  qx  +  qa 


Fig.  3. 


S'S'OW  AC  =  TO  C   


X  = 


p  +  q 

a  —  A  c  =  o 


Q  a 

—  X  =  _2 —  •     And  c  B 

P  +  q 

  q  a  p  a  ^ 

— ; —    =  Hence  c  is  the  point 

P  +  q  P  +  q 

flvhere  a  b  is  divided  in  inverse  proportion  to  the 
I  adjacent  rotations  p  and  q,  and  is  therefore  the 
'.ame  for  all  points  m  in  the  plane.  Hence  the 
».wo  rotations  may  be  replaced  completelv  (since, 
i-us  before,  with  the  movement  of  the  plane' a  b  o 
i  m  the  body  moves)  bj  p  -\-  q,  acting  at  c. 
1 .1  hat  IS,  we  may  compound  rotations  round  paral- 
'  »  axes  by  the  same  rules  as  we  compound  par- 
•llel  forces.  Keeping  this  analogy  in  mind,  or 
■Toceedingfrom  first  principles,  the  student  will 
ferj'  easily  apply  the  proof  to  the  case  where  the 
'  'oint  m  IS  wifMn  the  space  p  a  n  q.  Let  us  fol- 
1 W  oiit  the  analog^'  already  so  productive,  to  the 
"•ase  of  rotations  round  parallel  axes  in  different 
I'-irections.  The  figure  will  show  to  any  one  ac- 
y,  quainted  with   the  de- 

monstration of  the  cor- 

0  responding  statical  pro- 

1  blem,  that  it  still  holds. 
I  "Where  the  two  forces  are 
e  equal  in  statics,  we  get 

p  as  the  result  an  infinitely 

small  force  applied  at  an 
infinite  distance.  Here 


Fig.  4. 


I  .  a  .  "iiiiNii.c  ulstance.  xiere 

ISO  an  infinitely  small  rolntion  applied  at  an 
">nite  distance.  Of  course  either  result,  in 
«e»  nugatory,  sends  us  baci<  to  first  prin- 
■Pies.  Let  us  see  what  will  be  the  effect 
.two  such  opposed  rotations.  Consider  anv 
Jiiit  m  in  the  plane,  distant  x  from  the  firs"t 
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axis  p,  and  x  —  a  from  the  seconil— o  being  tfie 
perpendicular  distance  between  the  axes.  Then 
the  velocity  with  which  m  rises  from  the  plane 
is  p  x       (—p)  (x  —  a)  =  p  a,  a  quantitv 
constant  wherever  m  is  taken.    "What  is  the 
meaning  of  this  result,  except  that  the  whole 
plane,  and  therefore  the  whole  body,  rises  evenly 
and  simultaneously,  with  a  uniform  velocity. 
Hence  we  see,  then,  that  the  couple  of  rntatiom 
gives  a  motion  purely  of  translation.    It  is  sufii- 
ciently  clear  from  the  analogy,  now  wrought  out 
in  all  fimdamental  points,  that  we  can  compound 
and  decompound  rotations  in  the  very  same  man- 
ner as  forces.    Hence,  if  we  have  any  number 
of  rotations,  p  q  r,  &c.,  anywhere  in  space,  we 
can  take  any  point  o,  place  these  two  equal  and 
opposite  rotations  p,  and  —  p,  and  thus  have, 
instead  of  the  original  p,  p  aXo  and  a  couple  of 
rotations  p'  —  p.    It  is  evident,  then,  that  we 
can  decompose  any  motion  given  by  rotations 
round  fixed  axes  anywhere  in  space  into  two 
final  results— a  resultant  rotation  6  (correspond- 
ing to  the  resultant  force),  and  a  resultant  couple 
of  rotations — which  we  have  seen  to  be  equiva- 
lent to  a  motion  of  pure  translation.    As  we  can 
for  the  case  of  decomposed  forces  make  a  final 
reduction,  and  obtain  a  central  axis  of  resultants, 
and  a  minimum  couple  in  a  plane  perpendicular 
to  it — so  here,  as  we  see  from  the  analogy,  we  can 
reduce  any  system  of  rotations  to  one  where  tht  re 
is  a  central  axis  of  rotation  and  a  minimum 
couple  of  rotations,  whose  axis  is  the  central  axis 
— that  is  a  minimum  motion  of  translation  along 
this  line.  This  final  reduction,  then,  enables  us  tn 
lay  it  down  as  a  proposirion— that  we  can  reduce 
all  movement  of  a  body  in  virtue  of  any  number 
of  rotations,  wherever  situated,  to  a  motion  of 
turning  round  a  given  right  line,  and  at  the  same 
time  slipping  along  it.    This  is  also  the  final 
reduction  of  motions  of  translation,  for  we  Cdu 
bring  forces,  which  produce  them,  to  have  the 
same  effect  as  a  force  and  a  couple.    Hence  we 
might  already  infer,  that  since  all  motion  is  either 
one    translation  or  one    rotation,  and  since  each 
of  these  can  be  reduced— according  to  independent 
proofs — to  this  motion  of  turning  round  a  given 
line,  and  at  the  same  time  slijiping  along  its  axis 
— that  is,  in  fact,  to  the  motion  of  a  point  along 
the  thread  of  a  screw,  that  all  motion  could  be 
reduced  to  that  elementary  motion.    "We  sliall 
see  immediately  what  proposition  we  anticipate 
and  assume  hero.    The  analogy  between  rotations 

and  translations — their  mutual  convertibilitv  we 

may  best  exhibit  in  the  words  of  M.  Poinsot:  

"  "We  may  now  see  tite  perfect  symmetry  of  this 
composition  of  rotations  and  of  forces ;  thev  are 
almost  identical;  fiir,  had  wo  originally  called 
force  the  cause  which  is  cajiable  of  making  a  both- 
turn  on  an  axis,  wo  should  have  iiad  a  system  of 
statics  perfectly  like  what  wo  now  have  for  these 
new  forces.  Only  in  it  simple  forces  (consideretl 
always  as  transported  to  the  centre  of  gravitv  of 
tiie  body),  would  have  answered  to  our  couples  in 
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ordinary  statics,  and  couples  to  our  simple  forces. 
Indeed,  the  same  treatise,  written  on  the  science 
of  forces,  might  be  perfectly  exact,  and  might 
treat  the  science  completely,  although  the  word 
force  in  it  should  be  understood  in  these  two  com- 
pletely different  senses. " 

II.  In  the  ultimate  reduction  of  aU  motion  to 
that  along  the  thread  of  a  screw,  given  above, 
we  had  not  taken  into  consideration  at  all  the 
motion  round  a  point,  instead  of  a  fixed  line. 
We  proceed  to  show  that  we  may  reduce  any  mo- 
tion of  that  kind  whatever,  mto  a  series  of  succes- 
.sive  motions  round  fixed  axes.  From  that  of 
course  follows  the  complete  generality  of  the  re- 
duction spoken  of.    Suppose  the  point  o  fixed. 
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clear  ideaof  the  mode  of  motion  round  a  fixed  point. 
The  little  elementary  rotations  round  instantan- 
eous axes  cannot  be  graphically  represented  like  the 
little  elementary  polygon's  sides,  which  approxi- 
mate to  a  cur\'e.  Let  us  try  to  gain  yet  a  clearer 
idea  of  it.  Conceive  a  body  rotating  round  o  i. 
The  instantaneous  axis  will  take  a  certain  patli 
in  the  body  itself,  and  a  certain  path  in  space.  I  f 
we  suppose  the  body  cut  by  a  sphere  whose  centre 
is  0,  the  instantaneous  axes  may  be  representee! 
for  the  sake  of  distinctness  of  conception,  as  radii. 
Now  the  end  i  has  properly  no  path  either  in  ^ 
space  or  in  the  body ;  but  yet  since  it  has  an  ? 
infinite  number  of  successive  positions,  we  may 
evidently  group  them  best  together,  by  consider- 
ing them  to  constitute  a  contiuuous  path.  Sup- 
pose that  marked  out  in  the  body,  before  thc- 
commencement  of  rotation.  Let  it  be  the  cur\-.: 
s,  and  suppose  the  first  instantaneous  axis  to  be 
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Suppose  A,  B,  two  points  of  a  body,  to  take,  after 
an  instant's  rotation  round  o,  the  position  A" 
B".    Draw  0  A  B,  0  A"  b".    Then  if  o  s  be  the 
liue  of  section  of  these  two  planes,  evidently,  rota- 
tion round  it,  will  bring  A  B  mto  A  B',  in  the 
plane  0  a"  b".    Also,  all  the  lines  o  a,  o  b,  A  b, 
are  unaltered,  because  o  is  fixed,  and  the  body 
rigid.    Hence  all  possible  positions  which  A  b 
can  take  in  the  plane  o  a"  b"  will  be  taken  by 
slldmg  the  permanent  triangle  0  A'  b'  (=  gab) 
round  in  that  plane,    o  a"  b"  will  therefore  be 
one  of  these  positions.  But  this  sliding  is  actually 
a  rotation  round  an  axis  through  o  perpendicular 
to  the  plane.    Therefore  two  rotations  round  axes 
through  o  will  bring  the  points  A  b  into  any 
position  A"  B"  which  is  possible  for  them.  But 
these  two  may  be  compounded  into  one  o  i. 
Hence  we  may  consider  any  motion  round  a  point 
as  produced  by  rotation  for  an  instant  round  an 
immovable  axis.    Next  instant,  tlie  body  may 
be  considered  as  moving  round  another  mimov- 
able  axis,  diflferently  situated,  and  so  on.  Hence 
any  total  movement  round  a  fixed  point  is  repre- 
seiitable  by  an  infinite  number  of  movements 
round  axes  fixed  for  the  moment,  but  momenta- 
ril v  changing  in  position.   We  are  not  to  conceive 
thk  INSTANTANEOUS  AXIS  OS  passiiig  Continuously 
along  from  o  i,  but  as  successively  occupying  the 
positions — perfectly  immovable  for  the  uistant— 
o  I,  0  I',  0  1",  &c.    Tlie  instantaneous  axis  then 
alwavs  passes  through  the  fixed  point,  o.    It  is  to 
be  coufcased,  how  ever,  that  we  have  not  yet  a  very 
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o  I.    The  motion  round  o  i  will  bring  the  next 
elementary  position  i',  where  the  next  instanta- 
neous axis  cuts  the  sphere,  suppose  to  t',  and 
would  alter  the  position  of  the  rest  of  the  curve 
;  in  space.    Rotation  round  o  i'  would  bnng  i" 
to  i",  and  so  on.    Thus  we  should  have  the  curve 
ff,  which  represents  the  path  m  space,  of  the  ex- 
tremity of  the  instantaneous  axis.    This  axis 
may  be  conceived,  then,  as  describing  in  the  body, 
and  in  space  two  difierent  cones,  whose  bases  are 
5  and  <r,  where  they  are  cut  by  the  sphere,  be- 
cause they  always  pass  through  o.    We  have 
thm  succeeded  in  representing  the  whole  motw 
to  ourselves;  as  consisting  in  the  rolling  of  J', 
cone  whose  base  is  s,  upon  that  wJiose  base  'ts  c. 
without  any  slipping  being  permitted.    It  follo^^^ 
that  in  whatever  way  a  body  moves  round  a  1im 
point,  the  movement  may  be  represented  by  tluu 
of  a  definite  cone  rolling  upon  anotier.    The  in- 
stantaneous axis  is  the  line  where  the  two  conical 
surfaces  meet.    This  is  perhaps  the  clearest  way 
in  which  it  is  possible  to  present  to  our  concep  ion 
motion  round  a  point.    Let  us  consider  it  furtlier. 
We  note  the  following  quantities,  which  pre- 
sent themselves  in  thought,  as  in  connection  ^vltft 
this  idea.    The  angular  velocity  f  of  rotation 
round  0  I— the  angular  velocity  «  with  wlncn 
the  extremity  i  describes  s  or  ff,  for  evidently 
both  are  described  in  the  same  time,  the  one 
curve  being  just  the  other  unrolled.    The  rami 
of  cur^'atui^  r  and  (,  of  s  and  ^the  angular 
movements  p  and  ^  of  the  pole  i,  round  the  axes 
0  p,  0  n  of  the  oscillating  cone  for  tlie  two 
curves.    If  i,  e  be  the  two  angles  of  the  eie- 
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mentary  pol.vgon,  wWch  constitutes  s,  s,  and 
therefore  the  dihedral  angles  for  the  sides  of  the 
pyramid  which  makes  tlie  cone,  we  have  ^  d  t, 
the  angle  described  in  dt,  =  de  —  d  i.  And 

di 


p  d  t 


d  IT 
— ) 


And  If 


d  e  =  Hence  i  = 


d  t 


r 
d  r 
d  t 


rdt  — 


—  =  ».  Therefore  ^  = 


I  p  =  r,  I  n  = 
axes  of  the  right 


Again,  if  the  radii  vectores 

g  are  drawn,  o  p,  o  n  are 
osculating  cones.    If  o  i  be 


talcen  = 


a' 


oi^ 


oi=— 


where  a  =  the 


i  radius  of  the  base  of  the  osculating  right  cones- 
that  is  r-  =   .   So  also 


1  —a 


Hence  6  =^  tL  »/  i  _  „2     ±  * 


V  1— a' 


But 


are  p,  ir  respectively  and  ~  =  sin 
semi-angle 


i  semi-angle  of  one  cone,  and  —  =  sin 

1 

'  of  other.  Therefore  ^  =^  cos  £+ ?r  cos  i'.  Also 
!  p;  n: :  sin  «'  :  sin  e  .:  =  k  (sin  s'  cos  s  +  sin 
1 1  cos  £'.)  Hence  p,  g  are  sides  and  diagonals 
c  of  a  parallelogram,  whose  angles  are  i,  t',  s  +  j'. 

 We  shall  consider  finally  the  most  general  idea 

1  which  we  are  able  to  form  of  the  movement 
of  a  body  in  absolute  space.    Evidently  it  may 
'be  reduced  to  a  simple  translation,  starting 
I  from  a  point  o,  and  a  simple  rotation  ^,  round 
I  an  axis  o  i.    If  the  direction  of  translation  is  in 
;  the  plane  of  rotation,  we  can  reduce  the  whole 
-  movement  to  a  simple  rotation.    For  the  transla- 
I  tion  may  be  represented  by  a  couple  of  rotations, 
•one  of  whose  elements  is  equal  and  opposite  to 
that  which  causes  the  rotation  and  which  destroys 
it ;  and  the  other,  equal  of  course  to  this,  is  in  the 
•  same  plane  parallel  to  it.    The  axis  C  s  of  this 
••  rotation  is  called  tlie  spontaneous  axis.    If,  how- 
ever, the  direction  of  translation  is  not  in  the 
I'lane  of  rotation,  we  may  transfer  it  into  two 
couples  nevertheless,  one  of  which  will  be,  as  in 
:«lie  last  case,  in  the  plane  of  rotation,  and  the 
other  not.    This  former  maj'  be  compounded  witli 
'the  original  rotation,  as  before,  so  as  to  leave  of 
■It  and  the  original  rotation  only  one  rotation. 
Tliere  is  thus  one  rotation  and  a  couple  of  ro- 
tations in  a  plane  [)erpen(licular  to  it — that  is, 
a  translation  along  the  axis  of  rotation.    This  is, 
as  we  have  already  seen,  a  motion  represen table 
by  tlie  motion  of  a  particle  in  the  thread  of  n 
Kcrc^v.    All  Tuotion,  then,  of  a  rigid  body— the 
tiost  general  it  can  ha\  e  in  space — may  be  repre- 
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sented  instantaneously,  by  the  motion  of  a  point 
in  the  thread  of  a  screw,  'i'  'iin >  r^li 

III.  We  come  to  consider  ihe  purely  dynamical 
part  of  the  subject— what  are  the  forces  capable 
of  producing  a  given  movement?    It  may  be 
laid  down,  in  the  first  place,  that  there  are 
always  forces  capable  of  producing  a  given  move- 
ment. Thus,  every  particle  has  a  certain  velocity 
M,  and  a  force udm  would  therefore  produce  this. 
Hence  a  set  of  forces  u  d  m,  applied  to  every  par- 
ticle of  the  body,  may  be  conceived  capable  of 
producing  the  movement  in  question.  These 
forces  can  be  reduced  to  p,  q,  k,  &c.,  by  ordinary 
methods  of  reduction.    We  must  note,  however, 
the  fmidamental  diflTerence,  that  these  reductions 
presume,  and  imply  connections  between  the  dif- 
ferent parts  of  a  body,  of  which  the  elementary 
forces  u  dm  are  quite  independent,  in  the  first 
instant,  when  they  are  applied.    The  forces  p, 
Q,  E,  &c.,  imply  these  connections  then  also.  If 
we  do  not  consider  these  internal  connections,  but 
think  only  of  the  external  forces,  we  may  com- 
pound udm  into  such  forces  as  p,  q,  e,  &c. 
This  we  shall  do  m  the  first  instance.  After- 
wards we  shall  come  to  what  the  effects  of 
cen  trifugal  force  are.   A  pure  movement  of  trans- 
lation, in  which  all  the  particles  advance  with 
one  velocity  u  in  parallel  lines,  may  evidently  be 
compounded  into  the  action  of  one  single  force 

j  udm,  passing  through  the  centre  of  gravity. 

In  the  same  way  a  single  force  b,  passing  through 
the  c.  G.,  may  be  decomposed  into  parallel  forces, 
applied  to  the  molecules,  and  proportional  to  their 

masses.    The  uniform  velocity  will  be  — ,  where 

m 

m  is  the  whole  mass.    These  consequences  would 


not  obtain  if  e,  always  passing  through  thee,  g., 
changed  occasionally  or  continuously  in  magni- 
tude and  direction.  They  would  hold  for  each  suc- 
cessive instant,  and  therefore  altogether,  though 
the  particles  would  move  not  in  straight  but  in 
cui-ve  lines.  Next,  consider  a  pure  movement  of 
rotation.  Let  a  body  turn  round  o  z  with  angu- 
lar velocity  I  Then  taking  two  arbitrary  rect- 
angular axes  o  X,  o  Y,  and  reducing  the  forces  for 
every  element,  we  find 

x=      6ydm,    T= — f  x  dm,  z  =  o, 

L  =  —  i  X  z  dm,  M  =  —  ^  yz  dm,  N  = 
(x2  +  y^-)  d  VI  —  g      d  m.    Hence  summing 

up  we  have  l°-2  forces  x,  y,  which  are  O  J'ydm, 
and  —  0  J xdm respectively— or  thoir  resultant 

y=^^J  {/  xd  mY  -1-  {Jydmy- 

Or  since  if  a  =  the  perpendicular  from  the 
centre  of  gravity  of  the  body  on  o  z. 


a  m 


^  [fxdm)\ y  dm  y 


EOT 

we  have  v  ■=  S  ma.  2°.  Two  couples  L  =  —  6 
J  X  zd  m,  s  =  —  1/  z  d  m,  or  a  single 
couple  K,  round  an  axis  perpendicular  to  o  z, 
■whose  moment  is 

vi  =  6A^  (^f  xzdmy -]- (^fy  z  dmy. 

3°.  And,  lastly,  a  couple  N,  whose  axis  is  o  z, 
and  moment 

z  d  m. 


EOT 


N 


If  0  z  pass  through  the  centre  of  gravity  Jydm 
=  o,Jxd  m  =^  o  p  =  o,  and  there  are  only 
left  two  couples,  which  are  reducible  to  one. 
Hence  forces  which  turn  a  body  round  an  axis, 
thi-ough  its  centre  of  gravity,  can  be  reduced  to 
a  single  couple.  If  o  z  be  one  of  the  principal 
axe3,y  X  z  d  m  =  o,  J  y  zdm  =  o.  Hence 

K  —  0.  Therefore  if  the  forces  turn  the  body 
round  a  principal  axis,  they  can  be  reduced  to  a 
couple  whose  axis  that  is.  And  inversely,  if  a 
couple  be  applied  to  a  free  body  in  a  plane  per- 
pendicular to  a  principal  axis,  its  effect  will  be 
to  make  the  body  turn  round  on  this  axis  with 
an  angular  velocity  equal  to  the  moment,  divided 
by  the  moment  of  inertia  ^J'  dm  ^  of  ihe 
principal  axes.  It  is  easy  to  see  that  these  prin- 
ciples will  apply  also  to  the  case  in  which  there 
are  both  translations  and  rotations.— We  pass  to 
centrifugal  forces.  To  have  a  clear  idea  of  these, 
let  us  note  that  the  particle  d  m,  under  the  tan- 
gential force  udm,  could  not  describe  an  arc  of  a 
circle,  but  a  line.  But  it  does  describe  such  an 
arc,  and  therefore  there  must  be  some  cause  to 
1  end  it  inwards.  Tliis  centripetal  force/  is  of  the 
fame  Icind  as  gravity.  Hence  y.  d  t"^  is  the 
full  for  a  time,  t.  But  m  d  i!  is  the  space  moved 
Ihvough  along  the  tangent  in  d  t.  Hence  (^Euc. 
Ill-,  36),  \fdf'.{:ir-\-e)  =  d 

_   »  neglecting  e,  which  is  the  excess  of  the 

J  r 

secant  of  an  infinitely  small  angle  over  1.  This 
gives  us  the  magnitude  which  /  must  have  to 
produce  its  actual  effects.    Of  course  this  result 
applies  to  all  curviluiear  movement.  Smccw  =  gr, 
f=ff^r  We  may  therefore  represent  thephysi 
cal  circumstances  as  follows  :-There  is  no  centri- 
petal force  among  the  data.    If  such  be  evolved 
there  must  be  evolved  along  witli  it  an  equal  and 
opposite  centrifugal  force,  so  that  the  cnxum- 
Btances  of  the  problem  do  not  change.  Thus, 
the  centripetal  force  being  —  P  r  d  m  a 
(-because  it  tends  to  diminish  r),  we  must  have 
a  centrifugal  force  +4^  r  d  m    <  opposite  to  the 
centripetal-tl.at  is,  m  thodhection  of  theradms, 
and  tending  to  increase  it.    And  this  gives  us 
the  elementary  idea  and  measure  of  centnlu- 
cal  forces.    Let  us  see  how  these  reductions  can 
he  operated.    6^  r  dmd  t  =  i  dt .  i  r  d  that 


is,  the  Centrifugal  force  bears  a  constant  ratio  to 
the  tangential,  and  is  perpendicular  to  it.  Reduce 
them  just  like  the  tangential.  Then  n  =  result- 
ant force 

^       \/  (/^        )'+  (/^^"*  )" 

=  ^  p.  And  since  all  the  forces  that  make  up 
this  are  perpendicular  and  proportional  to  those 
which  make  up  P,  ^  p  is  perpendicular  to  the  di- 
rection of  p.  Similarly 


^  {^jxzdm,y  j^(^J  y  zdmy 


=  f  K,  and  the  axis  of  x  is  perpendicular  to  that 
of  K.  But  it  is  to  0  z  also,  that  is  to  the  axis  of 
N.  Therefore  it  is  to  the  axis  of  the  resultant  of 
N  and  K  which  isG.  Hence  the  axis  of  the  couple 
due  to  centrifugal  forces  is  perpendicular  to  the 
axis  of  rotation  and  to  that  of  the  couple  of  im- 
pulsion. We  may  repeat  the  same  suppositions 
about  O  z  passing  through  the  centre  of  gravity 
or  being  a  principal  axis  with  quite  analogous 
results.  The  last  question  which  we  shall  con- 
sider we  now  come  to.  Suppose  a  body  in  rest, 
moveable  round  a  fixed  axis  o  z,  to  be  struck  by 
a  couple  N  perpendicular  to  it— find  1°  the  an- 
gular velocity  of  the  motion  ^  2°  the  percussion 
which  the  fixed  axis  receives  3°  the  continual 
pressure  which,  in  consequence  of  the  centrifug.il 
forces,  it  has  to  support.  Take  on  o  z  a  line  o  n, 
representing  at  once  the  magnitude  and  direction 
of  the  couple  of  impulsion.  Suppose  now  two  forces 
p,  p'  equal  and  opposite,  and  two  couples  k  and 
K'  so  also,  p  and  ic  being  the  force  and  couple 
which,  with  N,  make  the  body  rotate  as  if  the 
axis  were  perfectly  free,  n,  p,  k,  then  are  cap- 
able of  making  the  body  move  quite  freely.  But 

they  produce  an  angular  velocity  ; 
•'  ^  jr^  dm. 

the  other  two  quantities  are  destroyed  by  the  axis. 


Hence 


/ 


d  m 


is  the  value  of  the  angular  ve- 


locity. Again,  p'  is  the  percussion  on  the  axis, 
and  K'  the  continual  pressure,  and  p'  =  —  p  — 


IC'  =  —  K  —  — 


xzdm  [f  y--<f  y 

—We  have  given  only  the  elements  of  this  very 
important  subject.  The  fullest  f 
mation  respecting  it  is  to  be  had  m  Foln^ot3 
r/ieor/e  Nmvelle  de  la  Rotation  des  Lorps- 
Komtioa  of  the  rianeiH.    See  Solab 

^^Komtory  Polni-izalion.    See  TouAuha- 

TION. 
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SAV  S 

■   Safety  Liamp.    See  Lamp. 

Safety  Valve.  In  locomotive  engines,  the 
"Safety  valves  are  two  valves  loaded  with  certain 
ppressures,  and  placed  on  the  boiler  for  the  escape 
>'0f  steam  of  pressures  beyond  those.  The  one  is 
hbeyond  the  engineman's  control,  and  is  called  the 
l.lock-up  valve :  the  other,  at  a  little  lower  pres- 
j  sure,  is  under  his  power,  and  regulated  by  a  lever 
land  spring  balance.  It  is  only  necessarj'  to  have 
lithe  aperture  sufficiently  large  to  let  off  the  steam 
las  fast  as  it  is  generated,  when  the  engine  is  at 
once  put  out  of  work.  The  valve  is  sometimes 
1  loaded  by  a  heavy  weight  laid  on  it — sometimes 
'.  by  means  of  a  lever,  with  a  weight  to  move  along 
iito  suit  the  required  pressure. 

Sagitta.  The  Arrow.  One  of  the  old  con- 
>stellations,  near  the  back  of  Aqdila.  It  con- 
;.tains  no  stars  higher  than  the  fourth  magnitude. 

Sagittarius.  The  Archer.  One  of  the  zodi- 
iflcal  constellations.  It  is  situate  below  Aquila, 
I  "between  Scorpio  and  Capricornus.  There  are  no 
>3tars  above  the  third  magnitude. 

Saros.    An  Egyptian  period.    See  Crci.E. 

Satellites.  Secondary  Planets,  or  those  which, 
lilike  our  Moon,  accompany  Primaries.  It  seems 
wemarkable  that  while  all,  the  known  planets 
boeyond  the  region  of  the  Asteroids  are  accom- 
faanied  by  systems  of  satellites,  our  globe  is  the 
J!)nly  one  within  that  region  which  haa  a  com- 
paanion  or  attendant.  The  elements  of  all  known 
^uatellites  are  given  under  Elements.  Regard- 
ing the  satelUtes  of  Uranus,  there  is  still  a  puzzle. 
sJome  astronomers  relying  on  the  unsm-passed 
wccuracy  of  Sir  William  Herschel,  are  in- 
•ilined  to  accept  it  as  probable  that  this  planet 
iaas  EIGHT  attendants  of  the  periodic  times  as 
welow : — 


SAT 


No. 

Periodic  Times. 

2d  S.itcllite  

3d  Satellite,  

4tti  Satellite  

8tli  Satellite,  

6th  Satellite,  

2d.  12h.  

4  —  

5  21  

8      10    56m  31 

10  23   

13      11  721-6 

38  2   

107  12   

•  t  cannot  be  doubted  that  some  such  scheme  i.s 
'-lecessary  to  reconcile  all  observations ;  and  that 
i»uch  an  one  does  so.     We  shall  soon  have 
dditions  to  Neptune's  satcllite.s.— It  has  been 
Ueged,  regarding  the  rotation  of  these  satellites 
n  their  axes,  that,  like  the  Moon,  tliey  always 
^resent  the  same  face  to  their  iirimarics.  This, 
owever,  as  it  seems  to  the  writer,  on  no  sub- 
itantial  ground.    Had  not  the  condition  of  tlic 
loon  in  this  respect  been  previously  known, 
ae  observations  in  question  would  never  have 
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been  held  adequate  to  sustain  such  an  inference. 
But  the  case  of  the  Moon  constitutes  no  ground  of 
analogj'.  Quite  as  likely,  her  state  is  a  pecu- 
liar one — depending,  for  the  most  part,  on  her 
own  internal  structure. 

Sntut-atiou.  When  a  soluble  substance  is  put 
into  a  solvent,  there  is  in  many  cases -only  a  de- 
finite proportion  of  the  substance  which  will  dis- 
solve. The  solvent  is  then  said  to  be  saturated 
with  the  substance.  Son  etimes  a  solution  satu- 
rated with  one  substance  Vv  ill  yet  dissolve  a  dif- 
ferent one. 

Satui'u.    Without  doubt  the  most  interesting 
of  all  the  planets  belonging  to  our  solar  system. 
It  is  not  so  large  as  J upiter,  its  diameter  being 
only  79,160  miles,  while  that  of  Jupiter  is 
87,000  ;  but  instead  of  four  satellites  it  has 
eight,  and  it  is  distinguished  besides  by  that  ex- 
traordinary appendage  of  Rings.    Of  the  planet 
itself  little  can  be  said.    Its  surface  is  marked 
by  a  few  bands  of  various  shades  passing  across 
it,  although  with  the  exception  of  a  bright  one 
near  its  equator— (a  band  clearly  belonging  to 
the  planet  itself,  and  having  no  relation  to  re- 
flexion from  the  rings)— these  are  not  so  well 
marked  as  in  the  case  of  Jupiter.    It  is  purely 
elliptical  in  fonn,  not  irregularly  so,  as  Sir 
William  Herschel  originally  supposed.    It  ro- 
tates on  its  axis  in  10  hours,  29  minutes ;  and 
its  period  of  revolution  in  its  orbit  is  29  years, 
5  months,  and  24  days;  or,  more  exactlv,  its 
periodic  time  is   10,763  days.     The  specific 
gravity  of  Saturn  is  about  the  lowest  among  the 
planetary  bodies,  being  only  0-14  of  the  specific 
gravity  of  the  Earth ;  so  that  this  gigantic  globe 
must  be  composed  of  materials  not  much  heavier 
than  cork.    The  celestial  landscape  from  the 
surface  of  Saturn  must  indeed  be  magnificent ; 
near  it,  its  Satellites,  Mimas,  Enceladus,  Tethys, 
Dione,  Rhea,  Titan,  Hyperion,  Japetus,  shin- 
ing lilce  Moons ;  and  that  wonderful  ring  now 
shading  or  eclipsing  large  bands  of  the  planet, 
and  again  illuminating  them  by  the  light  its 
broad  surface  reflects.    Tlie  relations  of  the  rmgs 
to  Saturn,  in  this  latter  respect,  have  recently 
been  fully  and  exactly  discussed  by  Dr.  Lard- 
ner,  in  a  memoir  in  the  transactions  of  the 
Astronomical  Society,  to  which  we  gladly  refer 
tlio  curious  student.    Concerning  the  satellites, 
wliose  distances,  periodic  times,  &c.,  have  been 
given  in  Elements,  nothing  further  need  at 
present  be  said,  but  tlio  habitudes,  history,  and 
probable  dovelopmoiitof  the  Rings  arc  connected 
with  facts  so  varied  and  novel,  that  wo  are  con- 
strained to  devote  a  separate  article  to  the 
subject. 

.Maiiirii'it  Kliig«.    The  general  aspect  of  the 
planet  and  tlieso  appendages,  is  given  in  fig.  4 
plate  II.,  coi)iod  from  a  sketch  by  Captain 
Jacob,  from  hLs   fine  achromatic  at  aiadras 
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It  will  aid  the  rearler  as  be  follows  our  discus- 
sion of  detiiils.' 

(1.)  General  Description  of  the  Rings. — Soon 
after  liis  discovery  of  tlie  satellites  of  Jupiter, 
Galileo  became  aware  that  sometbing  peculiar 
attached  to  the  planet  Saturn  :  but,  as  his  tele- 
scope bad  not  power  to  discern  the  actual  pheno- 
menon, be  merely  placed  on  record  the  facts 
which  puzzled  him.    The  ring  being  of  course 
best  seen  at  the  sides  of  the  planet,  presented  the 
ajjpearance  of  two  anscB  or  handles  attached  to 
the  central  orb ;  nor  was  the  reality  ascertained 
until  tlie  time  of  Huyghens,  who  gave  publicity 
to  his  discQvery  in  the  following  sentence  (the 
letters  of  which,  after  the  fashion  of  the  time,  he 
transposed),  "  Annulo   cingilur   iemd,  piano, 
misquam  cohmrente,  ad  edipticam  inclinato.'" 
Not  long  after  the  discovery  by  Huyghens,  the 
chief  di\dsion  of  the  ring  was  noticed  by  Mr. 
William  Ball  in  England ;  and  it  was  speedily 
placed  beyond  doubt  by  Cassini,  that  Saturn  has 
two  concentric  rings  of  different  breadths,  sepa- 
rated all  round  by  an  interval  easily  distinguish- 
able.   Tliese  are  the  rings  we  shall  refer  to,  as  A 
and  B ;  the  latter  the  one  nearer  to  Saturn.  Sub- 
sequently, from  Sir  William  Herschel's  time 
downwards,   statements  have  been  made  of 
visible  divisions  in  the  midst  of  these  two  rings. 
One  in  the  middle  of  A,  as  represented  in  our 
plate,  appears  pretty  well  established  ;  but  vari- 
ous others  have  been  reported  by  Captain  Kater, 
the  Astronomers  of  the  Collegia  Romano,  Encke, 
and  several  more.    Tliese  divisions,  however, 
have  not  continued  visible,  and  the  solution  ap- 
jiarently  accepted  was,  that  they  do  not  exist  •, 
but  that  through  defects  of  his  telescope  or  the 
condition  of  the  atmosphere,  the  Observer  report- 
ing them  was  deceived.    This  solution,  it  need 
scarcely  be  remarked,  was  far  from  satisfac- 
tory.   Besides  the  apparent  di^^sions  or  black 
lines,  broad  mottled  and  dark  stripes,  especially 
within  the  ring  B,  had  been  noticed,  by  Mr. 
Dawes  among  others. — But  while  the  question  as 
to  the  signilicauce  of  these  various  appearances 
still  remained  an  unsettled  one.  Astronomers  Avere 
startled  by  tlie  discovery  of  a  third  ring  c,  with- 
in the  ring  b,  of  a  slaty  colour  and  therefore 
comparatively  dark,  but  nevertheless  sending 
out  so  much  light  that  the  marvel  was  it  had 
not  been  discovered  before.     This  third  ring 
was  first  detected  by  Mr.  Bond  at  Cambridge 
Massachussets,  on  November  15,  1850 ;  and 
again,  without  any  knowledge  of  what  Mr.  Bonu 
bad  noticed,  bv  Mr.  Dawes,  on  November  29  ;  and 
a  few  davs  later  by  M.  Lassell.    Ihe  third  ring 
c  is  represented  in  our  engraving.    It,  too,  ap- 
pears to  present  puzzling  phenomena  akin  to 
those  noticed  above.    Various  accounts  have 
been  given  of  its  breadth,  which  seems  augment- 
ing.  Mr.  Dawes  feels  persuaded  that  he  has  seen 
at  least  one  division  in  it ;  and  at  times  it  has 
looked  as  if  it  were  separated  from  ring  n.  This 
ring  is  manifestly  uo  new  or  very  recent  fornia- 
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tion.  Appearance.'!  were  seen  by  Galle  at  Berlin, 
— that  can  alone  be  explained  by  its  existence— 
in  the  year  1838  :  and  in  some  of  Sir  William 
Herschel's  drawings,  a  dark  belt  is  found  across 
Saturn,  attributable  to  no  other  cause.  Yet  had 
it  been  as  fully  developed  as  now,  why  did  so 
many  admirable  observers  miss  it  ?  It  can  now 
be  seen  in  clear  nights  through  a  good  achro- 
matic of  four  inches  diameter;  and  we  know 
that  telescopes  very  greatly  more  powerful,  had 
often  been  intently  directed  towards  Saturn. 
What  can  be  made  of  this  accumulation  of  per- 
plexing circumstances  ?  Is  there  an  actual  in- 
staUlity  in  this  singular  system? — AVe  shall 
attempt  the  solution  in  the  remainder  of  this 
article ;  but,  in  the  meantime,  let  us  realize  the 
dimensions  of  the  formation,  concerning  which 
we  are  speculating.  The  best  average  measures 
of  the  rings,  &c.,  are  probably  the  folio  whig  :— 


Exterior  diameter  of  a, 
Breadth  of  do., 
Interval  between  a  and  d,  . 
Exterior  diameter  of  b, 
Breadth  of  do.. 

Breadth  of  c,  .         .  a^ont 

Distance  of  inner  edjre  of  c  I    ,  ^ 

and  tlie  limb  of  Sntiil-n,  f 
Breadth  of  entire  System  of  Rings, 


Miles. 
176,418 
10,.57o 
1,791 
151,690 
17,175 
6,350 


7,4G0 
35,889 

It  is  difficult  to  ascertain  the  exact  thickness  of 
this  system.  A  bright  line  so  thin,  is  scarcely 
measurable;  and  besides,  there  is  no  likelihood 
that  this  thickness  is  measurable.  Bessel  of 
Konigsberg  determined  the  mass  of  the  system  of 
rings  by  their  effect  on  the  apsides  of  the  satellite 
Titan,  to  be  the  -^th.  part  of  Saturn's  mass. 
Combining  this  determination  with  the  best 
measures  we  have,  which  are  probably  those  of 
Mr.  Bond  of  Cambridge,  it  may  be  concluded  that 
the  thickness  is  somewhere  about  100  miles,— 
that  is,  about  the  three  thousandth  part  of  the 
breadth.  Conceive  a  cake  one  inch  in  thickness, 
and  two  hundred  and  fifty  feet  in  breadth,  its 
length  being  indefinite ;— that  is  a  similitude  of 
the'mechanical  condition  of  this  Rmg- appendage 
of  Saturn ! 

(2.)  The  Slability  of  ihe  peri-Sattirnian  Rings. 

 The  character  of  an  arrangement,  apparently 

so  unlike  any  other  within  our  system,  being 
realized,  the  question  immediately  arises  as  to 
the  mode  or  the  combination  of  forces,  by  wliicU 
it  is  secured  in  its  position,  and  protected  from 
the  influence  of  disturbing  causes.  The  theorems 
of  Celestial  THechanics,  show  distinctly  enough  how 
a  planet  or  satellite  suitably  placed,  must  revolve 
for  ever  around  its  central  Orb ;  but  we  cannot 
infer  that  the  same  stability  may  be  extended,  by 
the  same  agencies  or  any  combination  of  thein 
to  systems  of  Rings.— The  question  now  pro- 
posed is  divisible  into  two  parts,  the  discussion 
of  which  leads  directly  to  very  miexpected  con- 
clusions. 

1.  The  subiect  was,  earliest  of  all,  taken  up 
bv  Laplace.  That  gi-eat  philosopher  looked  at 
it  under  two  of  its  phases.    The  one  case  ue 
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ex]>nsed  to  a  searching  inquiry,  and  obsen'ation 
soon  confirmed  his  results :  respecting  the  other 
he  expressed  an  opinion  only,  but  left  no  inves- 
tigation ;  unfortunately  this  opinion  was  -wrong. 
Keflecting  on  the  immense  attractive  power  of  so 
vast  a  globe  as  Saturn,  Laplace  discerned  that 
with  such  a  force  in  its  interior,  any  description  of 
;  ring  would  assuredly  be  broken  and  dragged  in- 

■  wards  piecemeal,  if  its  particles  were  not  endowed 
•  with  what  is  ordinarily  called  a  centrifugal  force 
I  capable  of  resisting  that  attractive  central  energj^. 
'  The  ring,  therefore,  he  alleged,  must  revolve  "in 
;  about  the  same  time  that  a  satellite  should  re 

■  yolve  at  its  mean  distance; — a  conclusion  quite 
i  irresistible,  and  speedily  confirmed  by  the  scru- 
I  tiny  of  Sir  William  Herschel,  who,  by  watching 
1  the  progress  of  certain  dusky  spots  on  its  surface, 
«  established  the  period  of  revolution  as  10  hours, 
:29  minutes,  11  seconds.  Laplace  also  saw  far- 
tther.  He  found  that  as  the  outer  and  inner 
t  circumferences  of  so  broad  a  ring,  rotating  as  a 
'.whole,  would  necessarily  have  conflicting  velo- 
i  cities  that  might  endanger  its  security,  it  was 
r  necessary  that  it  consist  of  separate  rings,— and 
t  that  this  was  the  mechanical  significance  of  the 
i  permanent  division  between  a  and  b,  confirmed 
i  by  Cassini.  An  inference  subsequently  impugned 
I  by  Plana,  on  the  ground  of  a  most  erroneous  con- 
c  ception  of  the  mass  of  the  rings :  so  far  from  Lap- 
1  lace's  theory  being  invalidated,  we  shall  soon  see 
:  that  it  may  be  pushed  very  much  further, 


Another  question  however,  cognate  although  es- 
ssentially  different,  came  up  next  before  the  great 
(  Geometer.  If  Saturn's  mass  could  be  presumed  to 
r  remain  invariably  in  the  precise  centre  of  the  sys- 
t.tem  of  rings,  that  system— protected  by  the  fore- 
Jgoing  motion  of  rotation— might  continue  stable. 
IBut  it  is  impossible  to  conceive  this  rigorous 
c  coincidence  of  the  two  centres.  The  ring,  aifected 
bby  the  varying  positions  of  the  satellites,  must 
cchange  its  place  by  small  quantities ;  and  obser- 
vvation  itself  appears  to  have  sometimes  detected  a 
>  slight  eccentricity  in  the  position  of  the  planet. 
>Now,  if  the  ring  be  uniform  around  its  cii-cuit, 
^Ithe  occurrence  of  the  smallest  eccentricity  of  posi- 
•tion  would  be  fatal  to  its  existence.  The  rim 
nearest  Saturn  would  indubitably  be  more  at- 
Mtracted  by  the  planet;  the  eccentricity  would  in- 
'  crease,— the  energj-  of  the  destructive  force  in- 
:creasing  along  with  it ;  and  the  Ring  must  speedily 
ml  upon  the  Planet.  The  occurrenceof  eccentricity 
■"bemg  certain,  how  then  is  .stofr;%  maintained? 
lilt  was  here  that  Laplace  satisfied  himself  with 
Bffenng  an  oirinion,  the  authority  of  which,  it  is 
"•not  too  much  to  say,  has  retarded  or  ratlier  pre- 
sented subsequent  inquiry  into  the  constitution 
•  'Of  Saturn's  Kmgs.  The  opinion  or  conjecture  of 
'  tins  great  Geometer  wa.s  as  follows :— sii])pose  the 
■  rigid  ring  not  uniform,  but  loaded  in  one  or  more 
1  parts,— tliis  irregularity  will  prevent  its  destruc- 
tidon.  For  instance,  if  the  part  of  tlie  rim  wliich 
ii-is  farthest  away  from  Saturn  on  the  occurrence 
'-of  an  eccentricity,  is  the  loaded  one,  or  contains 
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more  matter  than  the  opposite  portion  or  that 
nearer  the  planet,  then  will  the  superior  energv 
of  attraction  arising  from  that  additional  matter 
counterpoise  the  increment  of  force'  acting  on  the 
opposite  rim  as  arising  out  of  its  greater  proximity, 
and  equilibrium  may  still  endure.  But  supposing 
the  eccentricity  originating  the  disturbance,  should 
continue  for  a  period  of  time,  is  it  not  evident  that 
in  the  course  of  five  hours — the  period  of  a  semi- 
revolution  of  the  ring— this  loaded  or  massive 
part  would  be  brought  nearest  the  planet,  and 
that  the  very  arrangement  which  formerly  acted 
as  a  conservative  force,  would  now  become  a 
powerful  destructive  force,  against  which  nothing 
could  possibly  avail  ?  The  eccentricity,  indeed, 
might  not  remain  steadfast— we  know  it  does  not 
remain  steadfast— but,  to  avert  the  effects  now 
spoken  of,  it  would  require  to  change  in  exact  con- 
formity ivith  the  period  of  the  ring's  revolution; 
— a  period  with  which,  if  we  judge  from  the  na- 
ture of  its  producing  causes,  it  has  nothing  what- 
ever to  do.  The  question  may  be  put  in  other 
forms  and  encumbered  with  various  refinements ; 
but  accurate  inquiry  leads  in  everj'  case  to  the 
same  conclusion,  that  no  analogous  arrangement 
seems  capable  to  secure  the  stability  of  a  Rigid 
King  which  is  subject  to  shiftings  of  its  centre. 
It  may  not  be  unsuitable  to  add,  that  such  Hy- 
potheses have  generally  the  air  of  being  too  in- 
genious, worthy  of  every  admiration  amidst  a 
display  of  mechanical  toys,  but  rarely  constitut- 
ing an  essential  part  of  the  vast  and  simple  ar- 
rangements of  Nature. 

2.  Reverringto  Laplace's  first  conception,  viz  , 
that  one  division  of  the  ring  is  necessaiy,  so  tliat 
it  be  not  destroyed  by  its  motion  of  revolution, 
let  us  pursue  it  to  its  full  consequences.  It  is 
easy  to  obtain  an  exact  idea  of  the  ground  of  the 
alleged  necessity.  For  instance,  the  Earth  moves 
around  the  Sun  in  one  year,  and  Mercury  in  three 
months,— which  periods  are  necessary  to  the  sta- 
bility of  planets  at  their  respective  distances  from 
the  Sun.  But  suppose  the  two  planets  bound  to- 
gether—say by  a  material  rod — so  that  they  must 
both  revolve  in  the  same  lime.  If  Mercury  were 
thus  constrained  to  revolve  as  slowly  as  the  Earth, 
the  Sun  would  pull  it  towards  it  with  an  attrnc- 
tive  force  so  vastly  under-countei-poised,  that  the 
rod  would  in  all  probability  break,  and  IMercurv 
would  rush  nearer  the  Sun,  If,  on  tlie  other  hand, 
the  two  revolved  as  quickly  as  Mei'cury  does,  the 

Earth — through  its  excess  of  centrifugal  force  

would  also  break  the  rod,  and  fiy  off  to  a  great 
remoteness.  In  any  such  case,  the  rod  would  bo 
subjected  to  a  heavy  strain ;  and  tlie  amount  it 
would  bear,  would  evidently  depend  on  its  own 
inherent  touglmess  or  strength.  Now,  a  broad 
rigid  ring  roialing  around  a  central  body  is  pre- 
cisely in  tlie  roregoing  position  :  the  danger  to  it 
depends  on  its  breadth;  and  its  power  to  resist 
the  destructive  force,  on  its  thickness  compared 
with  Its  breadth,  as  one  main  element.  Ac 
'luamted  as  we  now  are  with  tlie  general  character 
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and  lending  dimensions  of  that  peculiar  formation, 
a  larger  and  more  real  question  than  Laplace  pro- 
posed has  become  soluble ; — the  question,  viz. : 
wimt  is  the  extreme  breadth  of  a  ring  of  such  sort, 
which  could  be  expected  to  endure  f    It  is  to  two 
American  Men  of  Science  that  the  first,  and  appa- 
rently the  full  and  satisfactory  solution  is  due. 
Mr.  George  Bond,  of  Cambridge  Observatory, 
broached  the  inquiry,  which  was  taken  up  and 
completed  by  Professor  Pierce,  with  his  well- 
known  acuteness,  and  tried  analytic  skill.  There 
appears  no  dubiety  about  the  results,  for  the  con- 
ditions are  unchallengeable,  and  the  course  of 
investigation  plain.  These  results  axQ,  first,  that, 
to  produce  a  chance  of  stability  or  to  prevent  the 
rings  being  torn  asunder,  their  breadths  must  be 
greatly  less  than  the  breadths  of  A  or  b — in  short, 
Vhat  a  stable  formation  can  be  nothing  other  than 
a  very  great  number  of  separate  narrow  rigid 
rings  revolving  with  their  own  suitable  velocities. 
If  this,  or  anything  like  it,  were  real,  how  many 
new  conditions  of  instability  do  we  Introduce ! 
Observation  tells  us,  that  the  division  between 
such  rings  must  be  extremely  narrow ;  so  that  the 
slightest  disturbance  by  external  or  internal  causes 
would  cause  one  ring  impinge  upon  another ;  and 
we  should  thus  have  the  seed  of  perpetual  catas- 
trophies !   Nor  would  such  a  constitution  protect 
the  system  against  that  mode  of  dissolution  which 
I-aplace  afterwards  scrutinized.  There  is  no  escape 
from  the  difficulties  therefore,  but  through  the 
final  rejection  of  the  idea  that  Saturn's  rings  are 
rigid,  or  in  any  sense  a  solid  formation.  Mr. 
Bond  at  first  indicated,  as  an  available  resource, 
the  hypothesis  that  the  ring  might  be  liquid, 
or  a  vast  isolated  and  flat  ocean ;  and  while  cer- 
tain grave  difficulties  would  thereby  be  removed, 
the  conception  enables  us  to  recognize  the  possi- 
bility of  fluctuating  rings— of  temporary  separa- 
tion of  currents— thereby  in  so  far  explaining 
those  perplexing  and  varying  statements  of  our 
best  Observers,  regarding  the  number  of  such  di- 
visions. But  Mr.  Pierce  has  pushed  his  analysis 
farther,  by  a  process  through  which  we  cannot 
now  follow  him,  to  a  conclusion  highly  unfavour- 
able also  to  this  new  fonn  of  the  hypothesis. 
There  is  manifestly  but  one  other  resource— viz., 
the  peri-Saiurnian  system  may  be  a  mass  of  me- 
teorites analogous  in  all  respects  to  tliose  strenms 
of  meteors  occasioning  an  intenmltmg  periodiciti/ 
in  the  shooting  stars  ;  and,  probably  also,  to  the 
Zodiacal  Liriht.  The  conclusion  is  far  from  bemg 
free  from  difficulties;  but  it  is  subject  to  fewer 
than  any  other.    It  disposes  of  all  difficulties 
regarding  Stability,  for  each  minute  mass  is  vir- 
tually a  free  satellite-,  it  enables  us  to  understand 
changes  in  the  rings;  and  the  dark  ring  itself 
loses  its  enigmatical  character.  This  ring  is  semi- 
transparent  ;  the  body  of  the  planet  is  seen  faintly 
through  it— a  fact  wholly  reconcileable  with  the 
idea  that  it  too  is  composed  of  meteontes,  although 
thev  must  be  verv  sparsely  strewn.— Waiting  for 
further  elucidation  from  the  probable  results  of  the 
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competition  for  the  Adam's  Prize,  it  may  at  pre- 
sent be  permitted  us  to  remark,  that  should  the 
foregoing  result  be  verified,  it  will  merely  be 
another  proof  of  the  importance  within  our  sys- 
tem, as  indeed  withm  the  whole  universe,  of  the 
minutest  objects  it  contains. 

(3.)  Histoi-y  of  the  Rings. — One  other  inquiry 
has  recently  been  started,  of  a  still  more  singular 
kind: — unfortunately  our  limited  space  will  re- 
ceive nothing  more  than  its  heads.  Discrepancies 
in  the  measures  of  the  breadths,  and  relations  of 
the  rings  a  and  b, — results  taken  after  intervals 
of  a  few  years,  by  the  best  instruments  and  the 
best  observers, — stirred  the  question  whether  the 
breadths  of  the  rings  are  really  fixed,  or  whether 
their  dimensions  are  evolving?     These  dis- 
crepancies are  quite  too  great  to  be  accounted  for 
by  errors  of  observation ;  so  that  they  must  have 
some  physical  cause.    Every  fact  bearing  on  this 
curious  subject  has  been  collected  by  the  uidustry 
of  Otto  Struve,  and  discussed  with  his  hereditary 
sagacity.    Besting  first  on  the  drawings  of  the 
rings  made  by  the  earlier  observers ;  converting 
their  measures,  by  an  acute  critical  process,  into 
the  nearest  attainable  relation  to  our  modern 
micrometrical  determinations,  and  completmg  the 
series  by  these  latter  results  classified  and  ren- 
dered comparable,  he  has  felt  authorized  to  pre- 
sent a  history  of  the  Kmgs  from  the  year  1657 
downwards.    Measurements  dkectly  and  abso- 
lutely reliable  cannot  be  said  to  have  begun 
before  the  times  of  Bradley,  in  1719 ;  nevertheless 
these  older  indications  must  be  allowed  a  certain 
positive  weight.  Struve's  essay,  containing  fuUest 
details,  is  in  the  Recueil  de  Mejnoires  des  Astro- 
nomes  de  r  Observatoire  Central  de  Russie;  and 
merits  well  on  several  accomits  the  earnest  at- 
tention of  the  student.    The  following  are  his 
general  conclusions:— (1.)  The  interior  edges  of 
the  rings  have  been  gradually  but  uninterruptedly 
api)roaching  Saturn.— (2.)  The  apjrroach  of  the 
interior  edge,  1ms  been  accompanied  by  an  increase 
in  the  total  breadth  of  the  r%s.— (3.)  In  the  in- 
terval betiveen  the  observations  nf  J.  D.  Cassint, 
and  Sir  William  Herschel,  the  breadth  of  b,  has 
increased  at  a  higher  rate  than  the  breadth  "/ A— 
The  phenomenon,  then,  is  this:  the  exterior  dia- 
meter of  A  not  being  appreciably  altered,  u  is 
clear  that  the  matter  of  the  rings  is  stretching 
out  inwards  or  towards  the  body  of  the  planet.— 
A  conclusion  unexpectedly  confinned  by  the  recent 
greater  development  of  the  dark  ring  c,  and  by  the 
startling  fact,  that  the  augmentation  of  its  breadth 
has  alreadv  been  traced.    It  were  premature  to 
condescend  on  actual  numbers ;  but  the  rate  ot 
increase  is  manifestly  so  great,  that  no  great  space 
of  time  shall  elapse  ere  these  fbrmations  rcacft 
the  body  of  the  central  globe.— How  closely  does 
this  new  result  harmonize  with  the  conclusions  ot 
our  former  section !  And  it  adds  great  probability 
to  the  speculation,  that  within  our  system  itse  t, 
there  are  causes  of  change  which  will  gradii.nliy 
bring  all  secondary  bodies  into  contact  with  their 
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itcenlral  Luminary.  —  Apart  from  these  general 
•.i\'ie\vs  however,  the  history  of  this  inquiry  con- 
i.tains  a  fact  alike  interesting  and  instructive.  It 
i-began  with  fair  hypotheses  explanatory  of  the 
itUub'dity  of  Saturn's  rigid  Rings :  it  has  ended  m 
a  i  proof,  that  they  are  neither  rigid  nor  stable  ! 
lit  is  ever  wisest  to  make  sure  in  the  first  place, 
iDf  the  facts  whose  causes  we  undertake  to  assign! 
Scales.  See  Thkrmometek. 
iSciutillatiou.  See  Twinkling  of  Staes. 
Scorpius,  or  Scorpio.  A  zodiacal  constel- 
Liation  lying  between  Libra  and  Sagittarius,  and 
Itietween  Ophiuchus  and  Lupus.  It  has  one  star 
in  Scoi-pionis)  of  the  first  magnitude,  which, 
ililong  with  Spica  Virginis  and  Arcturus,  form  a 
\jonspicuous  triangle. 

Screw.  A  screw  may  be  conceived  as  made 
nn  two  ways, — either  a  solid  cylinder  is  rimmed 
> 'Ound  with  a  spiral  thread  which  keeps  a  con- 
■litant  inclination  to  the  vertical — describing  thus 
hhe  ciu-ve  called  the  helix,  and  thus  constituting 
I'.he  convex  screw.  Or  another  hollow  cylinder, 
lust  capable  of  containing  the  thread  of  the  screw 
-  3  attached,  so  that  there  are  really  hollow  tubes 
ivVhere  grooves  were.    This  is  the  concave  screw. 

When  the  screw  is  em- 
ploy ed  to  raise  weights, 
or  as  a  mechanical  power, 
we  may  suppose  equili- 
brium produced  between 
a  force  p,  acting  at  a 
distance  a,  a  weight  w  at 
the  top,  and  the  reactmg 
forces  of  the  screw.  Call 
^  any  one  of  those  r,  then 
resolvmg  the  total  forces, 
11  nd  let  i  —  angle  of  inclination  of  the  thread  to 
hae  horizon  ;  1°  vertically,  we  have 

w  =  2  R  cos  i. 

ITi'hen,  as  the  axis  of  the  screw  is  supposed  fixed, 
1  orizontal  revolutions  would  only  determine  the 
■ressure  upon  that.  But  take  moments  round 
Uie  axis. 

P  a  =:  2  E  sin  e .  6^. 
Wence  —  =:  tan  e .  T 

"W 

 6  tan  i      2  (t  6  tan  i 

w  —     a~  ~     2  9ra~  ~ 

 distance  between  the  threads 

circumference  of  circlovvhose  radius  is  a 

■'  we  consider  friction  as  operating,  we  have  r, 
I  K  in  the  limiting  case, 
-.ence  resolving 

w  =  2  R  cos  I  +  2  ^  R  sin  t 

"taking  moments 

X'  .  a  =  2  .  K  sin  e .  6  +  2  fc  r  b  cob  i 


p  a 
w 
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h  sini  +  b  cos  { 
'  cos  i  +_    sin  i 


Let  li  =  tan 


p  a 
w 


b  .  sin  (i  +^ 

cos  (i  +  a) 


p  .          b  sin  (i  +  a) 

w        a  cos  (i  Zf  a 

We  have  taken  the  force  p  as  figured,  because 
always  in  practical  use  of  the  screw,  the  power 
is  applied  in  this  way  by  means  of  a  horizontal 
lever.    An  endless  screw  consists  of  two  or  moi  e 
spiral  fillets  on  a  rod  capable  of  rotation  round 
its  axis.    These  threads  work  in  teeth  on  the 
circumference  of  a  wheel,  so  that  while  the  revo- 
lution of  the  rod  continues  the  screw  keeps  moving 
on  its  own  axis.    For  examples  of  very  delicate 
screws,  Miceojietbr  is  referred  to.  Where  a  low 
ratio  of  power  to  weight  is  wanted,  the  method, 
as  we  see  from  the  fii-st  result,  is  to  lessen  the 
distance  between  the  threads.    But  this  has  a 
limit,  because  the  pressures  opposite  to  e,  on  the 
threads,  would  break  them  in  a  too  fine  screw. 
To  obviate  this  a  screw  is  used  within  a  screw, 
the  two  turning  in  different  directions.    If  the 
distance  between  the  threads  in  the  two  are  nearly 
equal,  there  may  be  a  very  low  ratio,  indeed,  of 
power  and  weight,  and  yet  both  of  the  scre\\s 
may  be  sidficient  against  the  pressures  R.    It  is 
a  purely  Kineniatical  result,  as  seen  in  Eota- 
TioN,  that  the  most  general  motion  that  can  be 
given  to  a  body,  may  be  represented  instantane- 
ously by  motion  along  the  thread  of  a  screw. 
Screw  ill  SSiips.    See  Appendix. 
Sea.    See  Ocean  and  Tides. 
Seasons.    The  phenomenon  of  the  seasons 
can  be  explained  in  a  very  few  words.    Let  the 
reader  take  any  ball,  with  a  pin  through  its 
centre,  and  carry  it  in  a  horizontal  plane  ro\iiid 
a  centre,  keeping  it  constantly  at  a  given  oblique 
inclination  to  the  horizon.    Let  him  suppose, 
now,  a  candle  in  the  centre,  and  so  consider  the 
effects  of  its  light  in  illumining  the  ball.  Further, 
let  him  take  one  point  upon  the  ball — nearer  the 
upper  pole  or  end  of  the  axis  of  rotation  in  the 
ball,  than  the  bottom — corresponding,  say,  to  the 
position  of  Glasgow  on  the  Earth.    Now,  suppose 
the  candle  joined  in  every  successive  jiosition  of 
the  ball  with  its  centre.    If,  then,  67°  be  the 
constant  inclination  of  the  a.xis  of  the  ball  to  tlie 
horizon,  there  will  be  a  position  vvhere  the  lino 
will  make  with  the  axis  an  angle  G7°,  another 
where  the  angle  is  180°— G7°  =  113°;  and,  in 
passing  round  from  67°  to  113°,  and  from  113° 
back  again  to  67°,  the  angle  will  pass  througii 
all  values,  and  be  at  90°  twice.    At  the  place 
for  which  it  is  67°,  the  illumined  space  will  be 
limited  by  a  circle  which  includes  and  goes  up 
behind  the  ujjper  pole;  and  for  the  point  p  con- 
sidered, if  a  circle  be  drawn  thi-ougli  p,  perpen- 
dicular to  llie  axis,  this  circle  will  have  its  i/r,:aler 
part  in  tlie  illumiued  space.   It  will  continue  so, 
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Imt  decreasingly  so,  till  90°,  where  its  half  is  in 
the  illumined  space, — after  90°  less  than  its  half 
will  be  so,  and  so  on  to  113°,  where  it  has  the 
Ifast  part  of  it  that  it  can  have  in  this  space. 
Passing  on  from  113°  to  90°  yve  shall  have  still 
the  least  half,  but  a  half  always  approaching  an 
equal  half  in  this  space.  At  90°  this  equal  di- 
^■ision  takes  place,  and  in  passing  from  90°  to 
07°,  the  greater  half  is  so,  and  increasinglj'  so, 
until,  at  67°,  it  begins  to  diminish.  Now,  in  the 
case  of  the  earth  moving  round  the  sun,  we  have 
exactly  this  description  fulfilled.  Evidently, 
Avhile  the  greater  half  of  the  circle  through  p 
is  in  the  illuminated  space,  the  days  will  be 
longer  than  the  nights,  for  the  earth  turns  round 
her  own  axis  at  a  rate  perfectly  uniform ;  and 
tliough  p  does  not  describe  this  circle  on  the  earth's 
surface,  yet,  if  this  circle  were  merely  laid  roimd 
tlie  earth — which  would  not  alter  the  circum- 
stances of  the  illumination  at  all — p  would  pass 
round  this  circle,  and  the  proportion  of  the  time 
of  daylight  to  twenty-four  hours,  would  be  just 
the  proportion  of  the  illuminated  part  to  the  whole 
circle.  We  represent  the  whole  arrangement 
by  the  figure.    The  reader  will  reatlily  under- 


stand how,  the  vernal  equinox  —  corresponds 
to  the  90°  for  which  the  angle  is  diminisliing, 
and  the  proportion  of  the  circle  which  is  illumi- 
nated increasing— how  on  from  that  to  the  ]3oint 
corresponding  to  67°,  the  days  lengthen  and  the 
nights  shorten;  and  at  that  point  tliere  is  the 
Slimmer  solstice,  and  so  on  through  the  year. 
V\'e  discover  the  caaso  of  the  seasons  to  be,  then, 
the  oblique  inclination  of  the  axis  of  the  earth's 
rotation,  to  the  plane  of  its  motion  round  the  sun, 
or  the  ecliptic.  Were  it  perpendicular  to  the  plane, 
there  would  be  no  seasons.  It  is  easj',  by  fixing 
tiie  point  p  in  ditferent  positions,  to  see  what  will 
be  the  phenomena  of  the  seasons  for  any  point  on 
the  earth's  surface.  The  maximum  inequality  of 
day  and  night  will  be  seen  liiiis  to  extend  within 
23°  on  a  meridian,  all  round  both  poles,  there 
being  no  niglit;  and,  again,  no  day  there  at  cer- 
tain times  of  the  year.  Again,  for  the  equator, 
the  days  and  nights  are  always  equal,  and  the 
greatest  uiequality  increases  as  we  recede  from 
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the  equator,  and  pass  m  either  direction  towards 
the  poles. 

Serpens.  A  constellation  near  Aquila,  Ophiu- 
chus.  Libra,  and  Hercules.  On  the  maps  it  is  re- 
presented as  held  in  the  hand  of  Ophiuchus.  Its 
largest  star  is  of  the  second  magnitude. 

Sextans.  One  of  Hevelius'  constellations.  It 
is  placed  on  the  back  of  Hydra,  at  the  feet  of  Leo. 
It  contains  no  star  above  the  fifth  magnitude. 

Sextant.  The  instrument  called  sextant  is 
represented  in  the  figure.    H  is  the  handle  by 


which  it  is  held — the  other  hand  while  obsernng 
moves  the  index  g.  The  arc  a  b,  which  consists 
of  60°,  is  divided  into  120°,  and  each  into  parts 
of  10'  each.  The  vernier  shows  di-sHlsions  of 
10".  The  microscope  5i  is  adjusted  for  the  sake 
of  reading  off  the  divisions  and  adapting  to  the 
employment  of  the  vernier  (V erxier).  There  is 
a  tangent  screw  D  to  enable  one  to  make  the 
adjustments  that  are  necessary.  The  upper  end 
terminates  in  a  circle,  across  which  is  fixed  a 
silvered  glass  c  over  the  centre  of  motion,  and 
perpendicular  to  the  plane  of  the  instrument.  To 
the  frame  is  attached  at  n  the  horizon  glass,  the 
lower  half  of  which  is  silvered,  and  the  upper  not. 
This  also  is  perpendicular  to  the  plane  of  tlie  in- 
strument, and  so  fixed  that  it  is  parallel  to  c  when 
the  index  o  moves  to  zero.  The  telescope  T  is 
caiTied  by  a  ring  k,  and  can  be  raised  or  lowered 
bya  smaller  screw.  This  is  meant  to  place  the  tele- 
scope so  that  the  field  of  view  may  be  biseeiccl 
by  the  line  of  separation  on  the  horizon  glass  n. 
Two  dark  glasses  are  placed  at  f  so  as  to  moderaf' 
the  intensity  of  light  coming  from  a  bright  objec  . 
like  the  sun.  Weshall  briefly  describe  the  melliod 
of  observing  an  angle  by  the  sextant.  The  tele- 
scope is  directed  to  see  the  one  object  s'  at  tlie' 
line  where  the  silvered  and  unsilvered  parts 
N  meet.  Then  the  index  g  is  turned  so  th 
the  ray  reflected  from  s  the  other  object  upon 
reflected  back  again  from  the  silvered  part  of 
sliould  form  an  angle  of  s  in  coincidence  with 
seen  directlv. 

It  is  clear  here  that  s  c  n  =  180°— 2  N  c 
and  cxp  =  1S0°— 2  ncO, 
if  c  o  he  the  line  to  zero 
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.'.  S  C  N  —  C  X  P  =  P  =  2.  G  C  O. 

Itfence  if,  as  in  the  sextant,  for  every  actual  de- 
cree of  angular  measure,  two  be  marketl  on  the 
jale,  the  number  marked  on  the  scale  will  re- 
present the  angle  P.  In  the  ordinary  case,  the 
latitude  of  a  sun  or  star  is  to  be  taken,  and  the 
rarizon  answers  to  the  object  s'.  Where  the 
I'orizon  is  seen  dimly  a  mercury  trough  can  be 
«ed,  and  the  reflection  of  the  trough  in  it  em- 
'.'oyed  as  s'.  The  altitude  will  evidently  be  half 
'  _  the  actual  reading.  For  all  instrumental  de- 
ilils,  and  for  a  description  of  a  convenient  variety 

■  I  this  ordinai-y  form  of  Iladley's  sextant,  by  Pis- 
rr  and  Maitins  of  Berlin,  see  Loomis'  Practical 
stitronomtj,  pp.  96 — 102. 

!  Sidereal.    The  sidereal  day  is  the  interval 
'[■tween  the  successive  transits  of  the  meridian 
:  ■  any  star.    The  sidereal  year  is  the  interval 
ftween  the  sun's  being  in  any  particular  position 
liiong  the  stars.    See  Calendar. 
!Signs.    See  Zodiac. 
!!Siuiooni.    See  Winds. 
>Siphou.    A  very  simple  instrument  of  great 
« i  in  the  arts.    It  has  been  sometimes  also  em- 
\wyed  with  advantage  to  turn  aside  the  course 
of  streams,  when  that  was  required 
for  the  construction  of  works  of  hy- 
draulic engineering.    In  its  simple'st 
form,  it  consists  of  a  bent  tube  a  b, 
wth  unequal  arms.    The  short  arm 
A  is  dipt  in  a  vessel  of  water  until 
the  top  c  becomes  level  with  the 
water,  which  then  flows  over  down 
the  arm  c  b.   The  tube  can  then  be 
raised  until  a  is  just  below  the  water, 
all  the  rest  of  the  tube  being  out  of  it. 
The  flow  will  still  continue. 
An  instrument  invented  by  Cagniard 
ITonr,  for  ascertainmg  the  number  of  vibra- 
Ms  corresponding  to  any  specilied  musical 
innd.    Its  principle  is  this  :  suppose  two  circu- 
:  plates,  perforated  by  a  corresponding  number 
-small  holes  disposed  along  the  circumference 
a  I  circle  smaller  than  their  external  diameter, 
t .  the  one  plate  be  fixed  in  a  horizontal  posi- 
M,  and  the  second  plate  laid  over  it  (the  two 
'feces  being  in  contact)  but  connected  with 
'  bhinery  that  can  make  it  revolve  with  any 
nen  speed.    It  is  manifest,  that,  according  to 
-speed  with  which  the  upper  plate  revolves, 
I  be  the  frequency  with  which,  in  a  given 
*|,e,  the  perforations  are  in  contact,  so  as  to 
iblisli  a  perforation  through  botii  plates.  Below 
1  lower  plate  is  a  tube,  through  which  a  con- 
tit  current  of  air  is  being  forced;  and,  above 
1  upper  one,  a  suitable  vessel.     When  the 

■  er  plate  revolves,  putFs  of  air  will  pass  into  tiie 
lOr  vessel,  with  a  determinate  frequency.  As 
'  velocity  of  revolution  increases,  these  pufrs 

begm  to  produce  a  musical  sound,  rising  in 
■ih  with  the  rapidity  of  that  revolution.  But 
:lthis  rapidity  of  revolution  is  measured  by 
'  apparatus  itself,  the  instrument  will  clcarlv 
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enable  us  to  state  with  precision  the  number  of 
aerial  vibrations  required  to  produce  the  various 
notes.  Other  instruments,  with  the  same  object, 
have  been  proposed ;  none  superior  to  the  Sirene. 

Sirins.  The  brightest  star  in  the  sky.  It  is 
a  Canis  Majoris.    For  its  parallax,  see  Stars. 

Sirocco.    See  Winds. 

Skew  Arch  is  an  arch  whose  face  is  oblique 
to  the  axis  of  the  archway.  Its  figure  is  derived 
from  that  of  a  symmetrical  arch  by  distortion  in 
a  horizontal  plane,  and  is  usually  an  arc  of  a 
circle  or  of  an  ellipse.  The  elevation  of  the  face  of 
a  skew  arch,  and  every  vertical  section  parallel 
to  its  face,  being  similar  to  the  corresponding 
elevation  and  vertical  section  of  a  symmetrical 
arch,  the  forces  which  act  in  a  vertical  layer  or 
rib  of  a  skew  arch  with  its  abutments,  are  the 
same  with  those  which  act  in  an  equally  thick 
vertical  layer  of  a  symmetrical  arch  with  its 
abutments,  of  the  same  dimensions  and  figure, 
and  similarly  and  equally  loaded.    Fig.  1  repre- 
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sents  a  plan  of  a  skew  arch,  with  counterforted 
abutments ;  and  fig.  2,  an  elevation  of  the  same 
arch,  in  a  plane  parallel  to  its  faces.    The  angle 
of  shew,  or  obliquity,  is  the  angle  which  the  axis 
of  the  archway,  a  a,  makes  with  a  perpendicular 
to  the  face,  b  c  A  b,  of  the  arch.    The  span  of 
the  archway,  "ore  the  square,"  as  it  is  called 
(that  is,  the  perpendicular  distance  between  the 
abutments),  is  less  than  the  span  on  the  shew, 
or  parallel  to  the  face  of  the  arch,  in  the  ratio 
of  the  cosine  of  the  obliquity  to  unity.    It  is  the 
span  071  the  shew  which  is  equal  to  that  of  the 
corresponding  symmetrical  arch.    The  span  on 
the  square  being  the  width  of  the  passage  which 
a  skew  arch  allows  for  the  roadway  or  stream 
over  which  it  is  built,  it  is  obvious  that  in  arches 
of  different  degrees  of  obliquity,  built  across  tlie 
same  road  or  stream,  the  span" ore  the  shexo  varies 
proportionally  to  the  secant  of  the  obliquity; 
and  if  the  breadth  of  the  roadway  above  the 
arch,  and  the  depth  of  the  arch  stones  bo  both 
constant,  the  quantity  of  material  in  the  arch 
varies  as  the  secant  of  the  obliquity  also ;  and 
the  horizontal  thrust  varies,  as  tlie  square  of  the 
secant  of  the  obliquity,  according  to  the  prin- 
ciple of  the  "  transformation  of  structures  "  

as  to  which,  see  Proccedinqs  of  the  Royal  Society 
for  February,  1850,  and  Kankino  on  Applied 
Mechanics.  It  is  in  general  advisiible,  how- 
ever, to  make  the  depth  of  the  nrcli-stones  of 
a  .skew  arch  increase  proportionally  to  the  span 
on  Uic  skew.  The  best  position  for  the  bed- 
Joints  of  the  arch-stones  is  perpendicular  to  the 
67 
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thrust  along  the  arch.  If,  therefore,  there  be 
drawn  on  the  soffit  of  a  skew  arch  a  series  of 
parallel  curves,  made  by  the  intersections  of  the 
soffit  with  vertical  planes  parallel  to  the  face  of 
the  arch,  the  best  forms  for  the  bed-joints  will 
be  a  series  of  curves  drawn  on  the  soffit  of  the 
arch,  so  as  to  cut  the  whole  of  the  former  series 
of  curves  at  right  angles,  such  as  o  c  in  figs. 
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Fif?.  2. 

1  and  2.  In  order  to  draw  the  figures  of  the 
arch-stones,  a  drawing  is  made,  representing  the 
development  of  the  soffit  of  the  arch ;  that  is  to 
say,  the  appearance  which  the  under  side  of  the 
arch  would  present,  if  it  were  flexible,  and  were 
spread  out  flat  on  a  plane  surface.  On  this 
drawing  are  laid  down  a  series  of  curves,  paral- 
lel to  the  curves  representing  the  developments  of 
the  lines  of  intersection  of  the  faces  of  the  arch 
with  the  soffit.  A  second  series  of  curves,  drawn 
with  the  free  hand  perpendicular  to  the  first 
series,  show  the  development  of  the  figures  of 
the  bed -joints  of  the  arch-stones,  when  these 
are  made  of  the  best  form.  The  projections  of 
those  two  series  of  curves  on  a  plane  parallel  to 
the  face  of  the  arch,  as  well  as  their  developments, 
cut  each  other  at  right  angles.  The  execution  of 
the  best  form  presents  some  practical  difficulty, 
owing  to  the  arch-stones  being  of  different  thick- 
nesses at  diiferent  points.  To  avoid  that  difficulty, 
it  is  a  common  practice  to  use  spiral  bed-joints. 
These  are  laid  down  on  the  development  of  the 
soffit,  by  drawing  a  series  of  parallel  straight  lines 
as  near  as  m;iy  be  to  the  curved  lines,  which  are 
the  development  of  joints  of  the  best  form.  The 
weakest  parts  of  a  skew  arch  are  the  stones  at 
and  near  the  acute  angles  of  the  abutments 
Skew  arches  of  great  obliquity  ought  to  be 
avoided  as  far  as  possible  by  the  engineer,  as 
being  more  expensive,  more  difficult  to  build, 
and  less  strong  and  stable  than  symmetricaL 
arches. 

Skew  Bridges  are  those  in  which  the  pas- 
sage beneath  the  bridge  (whether  for  a  road, 
railway,  or  water  channel)  and  the  passage  over 
the  platform  of  the  bridge  cross  each  other  at  an 
oblique  angle.  A  skew  bridge  may  contain  one 
or  more  sl-eio  arclies,  of  masonry  or  brickwork 
(as  to  whi'h,  see  tlie  preceding  article);  but  it 
may  also  he  constructed  without  skew  arches, 
bv  supporting  the  jilalform  on  a  series  of  arched 
ribs  of  brick,  stone,  iron,  or  timber,  or  of  beams 
ot  timber  or  iron,  eacli  of  which  ribs  or  beams  is 
svmmelrical  in  itself,  although  their  arrangement 
is  oblique;  or  otherwise,  by  building  a  symme- 


trical archway  of  length  sufficient  to  al^ow  the 
oblique  roadway,  channel,  or  other  passage  above, 
to  traverse  it  diagonally.  This  last  method  ob- 
viously involves  a  waste  of  ground,  materials,  and 
workmanship,  unless  some  use  can  be  made  of  the 
two  triangular  spaces  which  are  left  on  the  plat- 
form of  the  bridge  at  either  side  of  the  roadway. 

Suow.  When  the  temperature  of  the  atmo- 
sphere approaches  zero,  snow  falls  instead  of  rain ; 
the  colder  the  air  is,  the  les.»  considerable  is  the 
fall,  in  consequence  of  the  very  small  quantity  of 
aqueous  vapour  that  can  exist  at  low  tempera- 
tures. Snow  has  a  very  great  variety  of  forras, 
aU  referable,  however,  to  five  leading  types — ihi.i 
plates ;  a  spherical  or  plane  nucleus,  bristling  wiih 
radial  spikes ;  fine  sjnkes  or  prisms,  wiili  six 
edges ;  pyramids,  with  six  faces ;  spikes  or  needles, 
terminated  at  either  extremity  or  both,  by  a  thin 
plate  or  leaf.  The  fall  of  snow  taldng  place 
only  in  regions  where  the  temperature  sinks  below 
zero,  it  never  snows  at  tho  equator  except  at  great 
heights  on  the  sides  of  mountains.  In  refereuce 
to  this  hydrometeor,  Europe  may  be  divided  into 
three  regions, — viz.,  ih^  first,  comprehending  the 
South,  where  snow  melts  as  it  falls :  the  second, 
comprehending  Northern  France,  Belgium,  and 
Southern  England,  where  snow  showers  do  fall, 
and  the  snow  lies :  and  the  third,  in  which  snow 
is  found  during  great  part  of  the  winter;  tiiis 
comprehends  all  the  Northern  countries,  and  a 
large  continent  to  the  East,  from  Franconia  and 
the  eastern  limits  of  the  Black  Forest  as  far  as  the 
plains  of  Hungary. — For  line  of  perpetual  snow, 
see  TEJiPERATtirsE. 

Solnr  Sl}:<  c  n.  The  name  given  to  that 
assemblage  of  material  orbs — the  Earth  being 
one — which  revolve  around  our  vast  luminary 
the  Sun,  receiving  from  him  lii^ht  and  heat,  and 
retained  in  their  orbits  chiefly  by  his  attraction. 
In  all  respects  it  is  fittiiig  that  the  system  should 
receive  its  appellation  from  that  central  orb,  see- 
ing that,  irrespective  of  the  importance  of  his  in- 
fluences, his  mass  is  so  great  as  to  exceed  the 
masses  of  all  his  attendants  nearly  seven  hundred 
and  forty  times.  Various  Inquiries  regarding  the 
Sun  and  his  several  I-lanets  have  been  undertaken 
in  other  parts  of  this  Cyclop.'edia  :  nevertheless 
there  remains  something  to  be  stated  concerning 
the  system  and  its  arrangements  as  a  whole. 

(1.)  The  Bodies  of  which  our  System  is  Com- 
posed These  are  exceedingly  various.  In  for- 
mer times  we  reckoned  a  few  planets  alone ;  but 
these  planets  are  only  the  class  of  larger  masses 
circulating  round  the  sun  ;  and,  as  such,  the  CJirli- 
est  seen.  They  are,  as  is  well  known,  Mercurj*, 
Venus,  the  Earth,  Mars,  Jupiter,  Saturn,  Uranus 
and  Neptune, — some  of  them  accompanied  hy 
satellites  or  moons.  Tiie  breadth  of  space  occu- 
pied b}-  their  orbits  is  enormous.  Taking  the 
earth's  distance  from  the  sun  as  unity,  the  mean 
distance  of  Mercury  is  -3871,  while  that  of  Nep- 
tune is  .30-03(i8.  In  other  words,  between  tin 
orbits  of  Mercurj-  and  Neptuue  there  is  a  space 
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of  the  breadth  of  our  distance  from  the  sun — 
say  ninety-five  millions  of  miles— multiplied  by 
29-6497!  Nor  can  it  be  strictly  said  that  our 
system  is  confined  even  within  that  immense 
sphere.  There  may  be  planets  beyond  the  orbit 
of  Neptune  ;  certainly  there  are  material  portions 
of  the  system  within  the  circuit  of  Mercury : 
and  who  shall  fathom  the  abysses  through  which 
Aristotle's  comet  may  have  penetrated — remain- 
ing all  the  while  subject  to  the  power  of  the  Sun  I 
The  sphere  of  our  system  indeed,  cannot  be 
safely  alleged  to  terminate  until  it  reaches  a 
remote  limit,  where  the  energy  of  its  central  Orb 
is  balanced  by  that  of  some  other  fixed  Star. — 
The  discovery  that  first  dispelled  these  ancient 
ideas  concerning  the  simplicity  and  uniformity 
of  the  Solar  System  was  that  of  the  Asteroids, 
of  which,  under  the  appropriate  article,  we  have 
already  given  an  account.  The  position  of  these 
curious  bodies  may  best  be  indicated  by  the  dia- 
gram below — copied  from  one  in  Galbraith  and 
Haughton's  valuable  manual.  The  breadth  of 
the  sphere  they  occupy  is  very  great — not  less 
certainly  than  the  distance  between  the  Sun  and 
the  Earth.     But  then  what  numbers  of  orbs 
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swarm  within  that  space!  IIow  strangclv  the 
orbits  of  many  of  tl:em  interlace  !  How  infini- 
tesimal they  are,  and  in  all  respects  how  con- 
trasted with  a  globe  of  the  habitudes  of  Jupiter 
or  even  of  the  Earth  !  Yet  Iktva  these  bodies  lie, 
,  occupying  a  distinct  position,  and  doubtless  with 
important  fui  ctions  of  their  own.  Olbers,  whose 
labours  led  in  tiiis  singular  course  of  discovery, 
imagined  them  the  fragments  of  some  orb  that  Iiad 
burst  asunder  ;-a  liypotliesis  at  once  unpliiloso- 
plucal  and  untenable.  Physical  science  recog- 
nizes cutiixirojihes  only  in  tlie  last  resort.  As- 
suredly we  have  no  title  to  aslc  their  aid  merely 
becnuse  some  event  occurs,  or  some  object  is  de- 
scried unlilie  everj'tliing  that  hud  entered  among 
our  former  knowledge.  Nor  is  this  hypothesis 
less  objectionable  in  its  relation  to  the  principles 
Of  mechanics  .'—if  a  Planet  were  shattered  by  anv 


cause,  each  fragment  would  in  its  new  orbit 
return  periodically  to  the  spot  where  the  catas- 
trophe originally  occurred, — a  condition  in  no 
respect  fulfilled  by  the  Asteroids.  Whatever  tlie 
claims  of  the  Nebular  Hypothesis  {q.v.),  it 
is  much  more  likely  that  the  formation  of  these 
minute  worlds  belongs  to  the  manner  and  causes 
of  the  origin  of  the  entire  system. — The  Aster- 
oids however,  are  only  our  first  step  down  amidst 
the  variety  constituting  the  scheme  withui  which 
we  are.    We  do  not  speak  of  the  Comets  {q-v."), 
because,  all  things  considered,  they  seem  fitter  to 
be  regarded  as  chance  visitors  than  as  integrants 
of  the  planetary  system  :  but,  observe  these  mul- 
titudes of  Meteors  {q-v.),  now  flashing  out  in 
our  midnight  skies  as  separate  falling  stars,  and 
again  revealing,  by  periodic  showers,  the  high  pro- 
bability that  streams  of  them  exist  which,  during 
certain  intervals  of  years,  intersect  at  regular 
seasons  the  orbit  of  the  earth  !    Farther  yet,  we 
have  that  strange  Zodiacal  Light  (q.v.),  and, 
it  may  be,  the  still  more  evanescent  interplane- 
tary Ether,  belonging  probably  to  the  fundamen- 
tal conditions  of  our  system,  and  seriously  affect- 
ing its  fates. — How  utterly,  in  presence  of  such 
Variety,  has  all  fancied  simplicity  disappeared ! 
and  how  many  ages  must  pass  over  Inquiry,  ere 
the  boast  shall  be  realized  that  even  the  volume 
of  our  Planetary  Astronomy  may  be  closed ! 
Not  one  of  these  phenomena  is  isolated  or  dis- 
parate.   Every  orb  and  atom  is  essential  to  the 
harmony  and  development  of  the  whole  ;  but,  as 
yet,  we  have  discerned  the  connections  only  of 
the  ruder  and  more  visible  pai'ts. 

(2.)  Disposition  or  A  rrangement  of  the  Bodies 
composing  the  Solar  System. — Beside  the  general 
fact  that  the  whole  of  this  planetary  matter  of 
whatever  form,  appears  to  revolve  around  the  Smi, 
there  are  a  number  of  peculiar  laws  or  marks  of 
arrangement  manifestly  entering  uito  the  inti- 
mate or  primal  constitution  of  our  S3'stem,  and 
of  which  satisfactory  theory  will  not  fail  to  take 
account.  Chiefly,  these  are  the  following: — 
1.  Bode's  law,  or  rather  the  law  of  Titius — a 
law  founded  on  no  known  principle,  but  express- 
ing actual  relations  so  curious  and  numerou.-i, 
that  it  is  impossible  to  conceive  it  devoid  of 
rational  foundation.  This  principle  has  already 
been  discussed  nnder  the  suitable  article.  2.  Those 
strange  Asteroids  seem  to  constitute  a  marked 
division  or  boundary  between  two  contrasted 
sets  of  planets.  All  within  the  asteroidal  ring  or 
zone,  ought  to  be  termed  the  iiileiior  planets,  and 
those  bej'ond  it  tlie  exterior.  Tlie  two  classes 
are  remarkably  distinguished  ;  while  the  indivi- 
duals of  each  set  are  closely  correlated  in  regard 
of  their  physical  attribulcs.    The  contrasts  and 

correspondences  are  mainly  us  follows:  1  ho 

averngo  specific  gravity  of  the  four  inner  iiLinels 
is  almost  exactly  the  specific  gravity  of  the 
earth,  while  that  of  the  lour  outer  ones  is  only 
one-fifth  part  of  this  quantity.  The  average  dia- 
meter of  the  outer  planets  is  10-54  times  that  of 
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the  inner  ones :  the  period  in  which  the  external 
planets  rotate  on  their  axes  is,  for  each,  nearly  ten 
hours ;  while  the  corresponding  period  in  the 
case  of  the  inner  planets  is  very  nearly  the 
length  of  our  own  day.  It  is  beyond  the  ring 
of  the  Asteroids  that  we  find  that  grand  display 
of  secondary  planets  or  moons ;  within  the  ring, 
our  Earth  alone  has  a  satellite.  Assuredly  we 
must  agree  with  the  illustrious  Humboldt,  that 
the  existence  of  two  systems  or  groups  of  orbs, 
so  separated  and  so  strongly  contrasted,  is  not 
without  its  significance  and  relation  to  the 
general  harmony  of  the  scheme.  3.  The  fol- 
lowing facts  are  so  important  that  they  have 
long  attracted  profound  attention: — the  mere 
action  of  gravitation  as  a  sustaining  force  ex- 
plains none  of  these.  First,  Although  the  orbits 
of  all  the  larger  masses  within  the  system  (in- 
cluding the  Asteroids),  are  eUi2Jses,  the  eccentrici- 
ties of  these  ellipses  are  so  small,  that,  for  general 
purposes,  the  orbits  may  be  taken  as  circles. 
Secondly,  These  orbits  lie  almost  in  the  same 
plane — the  plane  of  the  equator  of  the  sun.  Some 
of  the  Asteroids  deviate  by  comparatively  large 
quantities,  but  it  is  unquestionable  that  the  Sun's 
equator  plane  is  the  normal  plane  of  the  system. 
Thirdly,  The  planets  all  revolve  around  the  Sun 
in  the  same  direction,  and,  in  so  far  as  is  known, 
they  rotate  on  their  axes,  likewise  in  that  direc- 
tion. Fourthly,  The  satellites  are  subject  to  all 
these  arrangements,  except  those  of  Uranus,  the 
orbits  of  which  are  nearly  at  right  angles  to 
the  ecliptic,  and  whose  motions  are  retrogi'ade. 
Fifthly,  The  existence  of  these  conditions  is  an 
essential  element  towards  the  stability  of  the 
planetary  orbits,  as  already  stated  imder  Per- 
turbations (g.  v.) — These  are  the  conditions 
on  which  Laplace  founded  his  memorable  Neb- 
ular Hypothesis  (^.  v.') 

(3.)  Motions  of  the  Bodies  in  our  System. — 
These  motions  are  those  of  revolution  in  an  orbit, 
and  rotation  around  an  axis.  The  nature  of 
tlie  motion  of  revolution,  was  first  laid  down  in 
Kepler's  Laws  (q.  «  )  On  these  laws  the 
immortal  theory  of  Gravitation  was  built; 
and  from  that  theory  we  have  deduced  the  char- 
acter and  laws  of  the  Perturbations, —sub- 
jects all  already  discussed  under  suitable  heads 
in  our  Cyclopoedia.  As  to  the  motion  of  Ro- 
tation, one  consideration  alone  remains  worthy 
of  notice.  Whence  the  variety  of  the  periods  of 
this  motion?  AVhy  is  it  that  Jupiter  performs 
his  rotation  in  nine  hours,  fifty-six  minutes, 
while  the  Earth  occupies  nearly  twenty-four 
hours  ?  Doubtless  there  is  a  law  at  the  root  of 
these  varieties  also ;  but,  as  yet,  it  has  not  been 
clearly  discerned.  A  very  ingenious  American 
however,  has  recently  started  an  idea  meriting 
all  consideration,  and  by  whicli  he  attempts  to 
attach  these  specific  j^eriods,  to  the  Nebular  Hy- 
pothesis. For  clearer  illustration,  imagine  the 
planets  all  rnngnd  in  a  strai.ijht  line  from  the 
bull,  and  let  ua  confine  our  thoughts  to  the  three 


bodies,  Mars,  the  Earth,  and  Venus.  It  is  e\i- 
dent  that  a  point  must  exist  between  Venus  and 
the  Earth,  such  that  any  atom  of  matter  placed 
in  it  would  be  equally  attracted  towards  either 
of  these  two  orbs ;  and,  in  the  same  way,  a 
similar  point  of  indifference  could  be  found  be- 
tween the  Earth  and  Mars.  Now  the  space  be- 
tween these  two  points  may,  correctly  enough, 
be  said  to  be  the  breadth  of  the  celestial  space 
which  (among  existing  planetary  arrangements), 
is  controlled  by  the  attractive  power  of  the  Earth  ; 
in  other  words,  an  atom,  placed  anywhere  with- 
in that  space,  would — all  other  conditions  being 
suitable — be  drawn  from  a  state  of  rest  towardd 
the  Earth,  and  not  either  to  Venus  or  Mars. 
Advancing  a  step  farther,  a  ring,  whose  breadth 
is  determined  by  the  distance  between  the  fore- 
going two  points,  may  be  supposed  to  environ 
the  Sun — the  earth's  orbit  being  within  it;  and 
this  ring  may,  for  manifest  reasons,  be  termed 
the  Sphere  of  the  Attraction  of  the  Earth.  Fin- 
ally, arising  in  precisely  the  same  manner,  every 
planet  may  be  conceived  accompanied  by  its 
ring,  the  breadth  of  which  will  represent  its 
weight  in  the  system,  or  its  relative  attractive 
power :  and  these  rings  may  be  termed,  as  in 
the  former  case,  the  Spheres  of  Attraction  of  the 
several  Globes.  —  It  would  be  rash,  indeed,  to 
allege  ci  priori,  that  the  original  primitive  rings 
were,  as  a  matter  of  fact,  framed  on  the  fore- 
going principle ;  and  certainly  the  Inquirer  would 
egregiously  mistake  the  logical  position  of  the 
nebular  hj-pothesis  who  could  venture  to  say  that 
thej'  7nust  have  been  so  formed.  No  demon- 
strative result  so  minute  or  satisfactory,  can 
possibly  follow,  from  any  knowledge  attainable 
by  man,  regarding  that  remarkable  speculation; 
and  the  attempt  to  detect  such  results,  as  well  as 
the  dogmatic  demand  that  they  be  detected,  aie 
alike  inconsistent  with  the  only  practicable  posi- 
tion we  can  occupy  in  regard  to  it :  nevertheless 
this  much  may  be  said :  "  The  partition  of  the 
original  nebula  into  a  number  of  rings,  with  tuck 
breadllis  or  nearly  such,  is  perfectly  consistent 
zciih  the  fact,  that  the  said  rings  have  ul'imately 
resolved  themselves  into  planets  of  tJie  relative 
order  and  magnitude,  distinguishing  those  now 
existing."  Not  only  is  this  new  supposition  not 
hostile  to  the  general  tenor  of  the  Nebular  Hypo- 
thesis; but,  on  the  contrary,  it  is  altogether 
consistent  and  congi-uous  with  it. — We  reach  the 
remarkable  and  conclusive  result.  Mr.  Kirk- 
wood  of  Pennsylvania,  who  first  started  the 
iilea  of  these  spheres  of  attraction,  has  found  in 
them  the  periods  of  the  rotations  of  the  several 
PiANETS.  The  law  announced  by  him  is  this, 
—viz.,  "  The  square  of  the  number  of  times 
that  each  planet  rotates  during  one  revolution^ 
in  lis  orbit,  is  projiortional  to  the  Cube  c/ 
the  breadth  or  diameter  of  its  sphere  of  Attrac- 
tion." 

HoUa.    A  body  whose  particles  are  held  to- 
gether, so  that  an  "appreciable  fuice  is  reiiuii  ud  to 
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separate  them.  Alsi  a  geometrical  term  for  a 
body  with  length,  breadth,  and  thickness.  Solids 
are  divided  into  irregular,  as  most  of  those  in 
natxire  are  — and  regular — as  many  crystalline 
forms.  What  are  called  regular  solids  are  ter- 
minated by  regular  and  equal  planes.  There 
are  only  five  regular  solids, — the  tetrahedron, 
bounded  by  four  equal  triangles, — the  cube  or 
hexahedron,  by  six  equal  squares, — the  octa- 
hedron, by  eight  equal  triangles, — the  dodecahe- 
dron by  twelve,  and  the  icosahedron  by  twenty. 

Solstice.  For  the  meanmg  of  solstice,  see 
Seasons. 

Sothiac  Period.    See  Cycle. 

Soniitl.  Under  Acoustics,  all  the  general 
phenomena  of  sound  have  been  adverted  to. 
Had  space  permitted,  we  should  have  occupied 
the  reader  in  this  place  with  some  late  contro- 
versies regarding  the  mode  of  propagation  of 
sound.  But  we  simplj'  refer  to  the  recent 
numerous  papers  by  Professors  Stokes,  Rankin, 
Haughton,  and  Potter,  in  the  Philosophical 
Magazine.  The  common  and  now  old  theory, 
as  delivered  by  Laplace,  has  certainly  not  been 
invalidated;  and  that  the  heat  evolved  dur- 
ing the  wave  motion,  is  exactly  adequate  to 
bring  up  Newton's  velocity  to  the  observed 
or  measured  velocity,  has  been  experimentally 
established  by  M.  Joule.  One  omission  in 
Acoustics,  is  noticed  in  our  Appendix.  —  It 
may  just  be  stated,  that  as  it  has  been  long 
kno\vn  that  waves  of  sound  are  subject  to  reflec- 
tion, and  further,  that  these  interfere  witii  each 
other,  so  there  now  remains  little  doubt  that 
they  are  subject  to  refraction  also. 

SpcciCc  Oravity.  If  a  given  mass  of  a  body 
weigh  771  times  as  much  as  the  same  mass  of  water, 
m  is  called  the  specific  gravity  of  the  body.  Air  is 
taken  as  the  unit  for  gases,  and  a  gas  of  which, 
a  given  volume  under  any  definite  pressure  weighs 
m  times  as  much  as  the  same  volume  of  air  under 
the  same  pressure,  is  said  to  have  the  specific 
gravity  m.  The  readiest  method  of  finding  the 
specific  gravity  of  a  solid  is  by  means  of  the 
Hydhostatic  Balance,— that"  for  a  liquid  by 
.  means  of  a  flaslc,  which  is  filled  successively  with 
water  and  with  the  ]i(iuid,  and  gases  may  be  col- 
lected and  compared  in  a  similar  way. 

.«ipeclfic  Ilent.  Where  a  given  amount  of 
heat  raises  a  substance  m  degrees,  and  raises  water 

n  degrees,  the  specific  heat  of  the  substance  is  —. 

m 

Hence,  evidently,  the  specific  heat  is  a  measure 
of  the  comparative  amount  of  Heat  required  to 
raise  a  substance  through  one  degree  of  tem- 
perature. 

SpcciacIcH ;  consist  simply  of  lenses  so  ar- 
ranged as  to  be  conveniently  applied  to  tlie  eyes, 
the  purpose  of  which  is  to  aid  distinctness.  The 
properties  of  these  Lknsks  are  discussed  under 
that  article.    See  Periscopic, 

Hpcct;-uni.  The  name  given  to  the  contents 
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of  a  Solar  beam,  in  so  far  as  they  can  be  sepa- 
rated and  the  beam  resolved  into  its  simple  ele- 
ments.— This  beam  or  ray  produces  three  distinct 
species  of  eflfects,  and  when  the  constituents  of 
the  beam  are  dispersed  by  Refraction  or  by  the 
Prism,  these  eflfects  are  found  to  proceed  from 
different  portions  of  the  longitudinal  space  filled 
hy  that  dispersion.  The  effects  in  so  far  as  they 
are  known  to  us,  are, — the  Actinic  effects,  or  the 
power  to  produce  chemical  changes — the  excita- 
tion of  the  sensation  of  Light  and  Colour — and 
the  power  of  Heating.  The  light-giving  portion 
of  the  Spectrum  lies  between  the  other  two.  The 
actinic  power,  beginning  within  the  visible  spec- 
trum, stretches  quite  beyond  it  at  its  violet  extre- 
mity :  the  heating  power,  on  the  contrary,  like- 
wise beginning  within  the  visible  spectrum,  also 
stretches  beyond  it,  but  towards  the  red  or  oppo- 
site extremity.  We  shall  briefly'  study  the  dis- 
tribution of  these  three  effects,  taking  them  iia 
the  following  order — the  Actinic,  the  Thermal, 
and  the  Light-giving. 

I. 

The  reality  of  a  prolongation  of  the  spectrum 
beyond  the  upper  or  most  refrangible  rays  had 
long  been  suspected.  Very  acute  eyes  seem  to 
have  detected  shades  of  colour  in  certain  circum- 
stances outside  the  violet  colour,  very  faint  in- 
deed, but  of  a  lavender  shade.  Recently,  how- 
ever, the  existence  of  such  rays  has  been  placed 
beyond  doubt  by  two  classes  of  discoveries. — 
(1),  Photographic  changes  can  be  produced  bv 
influences  flowng  from  that  extra  or  invisible 
space,  as  well  as  by  the  more  refrangible  visible 
raj's:  and  (2),  Rays  whose  position  is  in  that 
same  portion  of  space  may,  as  Mr.  Stokes  has 
shown,  be  in  a  certain  sense  rendered  visible. 
The  remarkable  interpretation  put  by  this  verv 
eminent  phj'sicist  on  the  curious  phenomena 
named  Fluorescence  by  some,  and  Epipolic  Dis- 
persion by  Sir  John  Ilerschel,  has  already  been 
explained  under  article  Dispersion  Epipouc; 
nevertheless,  it  may  not  be  unacceptable  that  wc 
briefly  sum  up  the  discovery  in  this  place.  When 
the  violet  ray  and  those  higher  and  visible  rays 
enter  certain  liquids  near  their  surface — for  in- 
stance, a  solution  of  the  sulphate  of  quinine— a 
pale  blue  colour  is  seen  about  the  surface  of  tlie 
solution.  The  explanation  is,  that  tlie  fluid  into 
which  these  rays  enter  is  caused  by  them  to  emit; 
a  mixed  light  of  lower  periods.  Tlie  violet,  or 
liigher  ray,  does  not  pass  through  tlie  liquid  and 
issue  a  pale  blue;  it  merely,  as  wo  have  just 
said,  causes  a  thin  layer  of  tlie  liquid  near  the 
surface  to  emit  a  faint  blue  light,  seen  in  all 
directions,  even  through  the  liquid  itself,  which  is 
transparent  for  this  pale  blue  light,  although  not 
for  the  violet  light  in  which  it  originates.  It  can 
scarcely  be  said  that  the  rigorous  analysis  of  this 
supra-violet  space  is  more  than  entered  on ;  ne- 
vertheless, tho  probability  is,  tiiat  the  ultimate 
result  will  coincide  with  what  is  established  be- 
yond doubt  hi  tho  case  of  Thermal  cffccta— viz.  .- 
71 
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that  it  is  filled  with  the  same  Ether  which  gives 
rise  to  Light  and  Colours;  only  vibrates  more 
rapidly,  and  diffuses  itself  by  means  of  shorter 
waves.  In  an  interesting  memoir  in  Poggendorfs 
Annalen,  part  xcviii.,  Esselbach  thinks  he  has 
established  that  the  undular  length  of  the  ex- 
tremest  fluorescent  rays  yet  known  to  us  is  0-0003 
millimeters. — Our  next  inquiry,  however,  is  at 
leugth  freed  from  all  uncertainty  and  vagueness. 
II. 

Under  articles  Radiant  Heat,  Diather- 
mancy, &c.,  an  account  has  been  given  of  the 
memorable  researches  of  Melloni,  confirmed,  and 
in  some  cases  anticipated  by  Professor  Forbes. 

 The  closest  similarity  between  what  were  then 

termed  the  Heating  rays  and  the  Light-giving 
rays,  in  all  their  affections,  was  placed  beyond 
doubt  by  that  brilliant  series  of  discoveries.  The 
rays  of  Heat,  whether  in  the  Solar  Beam  or 
rising  from  some  obscure  heated  source,  can  be 
reflected,  refracted,  dispersed,  and  polarized  pre- 
cisely as  a  ray  of  Light.    But  a  vital  question 
still  remained  at  issue.    Is  the  ray  of  Heat  an 
independent  although  analogous  ray?    Is  the 
spectrum  merely  a  compound  spectrum,  consisting 
of  a  Light-giving  spectrum  and  a  Thermal  spec- 
trum, distinct  although  partially  superposed  ?  or 
is  it  one  single  spectrum,  merely  varying  at  dif- 
ferent paits  of  the  space  over  which  it  is  dis- 
persed, by  the  fact  of  a  slower  or  more  rapid 
vibration  of  one  and  the  same  Ether  ?    In  short, 
are  we  entitled  to  lay  down  the  general  proposi- 
tion.   All  effects,  Actinic,  Light-giving,  Thermal, 
flow  from  one  and  the  same  physical  agency — 
viz.,  from  the  propagation  of  vibrations  having 
different  velocities  or  periods,  through  the  same 
elastic  Ether  f"   If  the  afiBrm  ative  be  established, 
the  following  proposition  may  be  laid  down: — 
"  The  Light-giving  effect  is  confined  within  limits 
in  the  dispersed  ray,  because — as  with  the  ear 
the  eye  can  be  affected  only  by  vibrations  within 
certain  limits  of  rapidity :  some  vibrations  do 
not  affect  the  eye,  but  they  affect  our  other 
senses  through  their  heating  power ;  while  vibra. 
tions  of  the  higher  range  appear  chiefly  through 
their  chemical  influences."  Melloni,  in  the  earlier 
stages  of  his  inquiries,  was  disposed  to  accept 
the  theory  of  two  superposed  spectra;  but  he 
.subsequently  gave  a  modified  assent  to  tlie  doc- 
trine now  'almost  universally  received.  The 
truth  of  the  doctrine  seems  indeed  to  be  placed 
beyond  reach  of  question  by  the  recent  elaborate 
researches  of  Masson  and  Jamin— these  eminent 
physicists  having  demonstrated  that,  if  on  any 
part  of  the  visible  spectrum  any  physical  change  be 
impressed  affecting  its  ligiit-OIVLNG  power,  pre- 
cisely the  same  change  will  be  found  to  have  passed 
over  its  heating  power.    For  instance,  take  the 
method  of  absorption.    Destroy  by  the  interven- 
tion of  coloured  media,  the  liglit  of  any  of  the 
colours  of  the  spectrum;  the  heat  belonging  to 
that  colour  is  destroyed  also.    Or  inversely,  tal<e 
any  coloured  medium— such  as  red  glass,  certain 
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green  glasses,  a  solution  of  sulphate  or  bichro- 
mate of  copper  in  ammonia — which  can  be  tra- 
versed by  one  colour  only,  every  such  medium 
permits  the  heat  belonging  to  the  special  colour 
to  pass,  and  it  extirpates  or  intercepts  all  other 
heat.    Again,  employing  a  glass  of  blue  cobalt, 
which  is  known  to  divide  the  visible  spectrum 
into  bright  and  obscure  strips  or  bands — the  same 
bands  exist  as  to  its  heating  effects.    The  same 
Inquirers  have  however  gone  further,  and  occu- 
pied themselves  with  still  more  delicate  re- 
searches. They  polarized  the  coloured  ray  on  its 
issuing  from  the  prism;  they  caused  it  to  pass 
through  quartz  of  different  thicknesses  and 
through  solutions  of  sugar,  and  they  found  inva- 
riably that  the  planes  of  polarization  of  Light 
and  Heat  deviate  in  the  same  direction,  and  by 
the  same  amount.    Also,  three  thin  plates  of 
^,  ^,  and  1,  the  length  of  a  wave,  presented  the 
same  interferences  for  both  classes  of  phenomena; 
the  first  giving  a  circular  polarization,  the  second 
a  plane  polarization  in  a  plane  at  right  angles, 
and  the  third  leaving  the  emerged  ray  polarized 
as  the  radiant  ray. — Repeating  the  foregoing 
general  proposition  in  terms  more  specific,  Mas- 
son  and  Jamin  conclude  thus : — "  In  all  pheno- 
mena produced  by  a  radiation  of  definite  and 
distinctive  refrangibility  at  once  Thermal  and 
Luminous — the  relations  of  the  quantities  of 
Heat  and  of  Light,  before  and  after  the  action, 
are  identical.    All  vibratory  modifications  estab- 
lished in  regard  to  Light,  hold  with  the  same  in- 
tensity, and  the  same  numerical  value  in  the  case 
of  Heat.    And  this  invariable  correspondency  of 
Efi'ects,  compels  us  to  admit  an  identity  of  Causes." 

2. — The  inquiry  next  demanding  attention  re- 
lates to  the  dispersion  or  longitudinal  distribu- 
tion of  this  heating  influence  through  the  spectral 
space.  In  Poggendorfs  Annalen,  part  ci.,  the 
student  will  find  a  clear  resume  of  all  the  inves- 
tigations undertaken  in  relation  to  this  interest- 
ing subject.  The  most  recent  and  the  most 
complete  are  by  J.  Miiller,  and  to  an  account  of 
these  we  shall  here  confine  ourselves.  Miiller 
first  proceeded  by  aid  of  absorption ;  but  he  sub- 
sequently adopted  the  much  more  accurate  me- 
thod of  estimating  the  heat  in  successive  strips  or 
portions  of  the  visible  spectrum,  and  in  the  space 
beyond  the  red,  by  means  of  a  delicate  and 
powerful  lineal  thermo-multiplier.  He  also  took 
the  essential  precaution  to  compare,  previous  to 
making  his  experiments,  the  various  deflexions 
of  tlio  needle,  with  the  force  of  the  currents 
causing  these  deflections.  He  began  by  using 
for  dispersion  a  fluid  glass  prism,  and  in  tiie 
spectrum  so  produced  he  detected  the  following 
thermal  effects : — 

Boundarj'  of  Indigo  and  violet,   2 

Middle  of  tlie  blue,  -   * 

Middle  of  the  yellow  ~  —  ' 

lliddle  of  the  red  '0 

1"'  beyond  body  of  red, ..-  -  J* 

2'"        do.  do  

4'"        do.  do  

6'"        da  do.   
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But  inasmuch  as  glass  absorbs  portions  of  the 
dark  heating  rays,  or  is  not  perfectly  diatherman- 
ous,  Miiller  next  resorted  to  a  prism  of  rock-salt, 
which  does  not  impede  the  passage  of  any  of  these 
rays.  The  following  are  the  mean  of  his  results : — 

In  the  bine,   37 

In  the  yellow,   7  9 

In  the  red,  lO-O 

1"'  in  the  invisible,  „  13-2 

3"'      do.      do  1,5-9 

4"'      do.      do  13-2 

6'"     do.      do   17 

The  nature  of  these  results  will  be  best  seen  by 
the  aid  of  a  graphic  representation.  In  the  line 
R  S  the  bracket  is  supposed  to  include  the  entire 
visible  spectrum,  the  space  to  the  right  of  B 
being  the  dark  heating  space.    For  the  sake  of 


Fig.  4. 


ddistinctness,  the  positions  of  the  chief  of  Frauen- 
hhofer's  lines,  H,  G,  F,  &c.,  are  laid  down.  If 
tKhe  ordinates  or  perpendiculars  represent  the 
loneasured  quantities  of  heat  at  each  of  the  ponds 
ftfrom  which  they  spring,  the  curves  will  be  the 
Tves  of  intensity.  The  lower  curve  is  that 
iven  bj'  the  flint-glass  prism;  the  upper  one — 
if  course  the  line  curve — represents  the  results 
obtained  by  a  prism  of  rock-salt.  It  will  be 
oticed  that  Franenhofer's  line  B,  lies  about  the 
iddle  of  the  line  R  S.  Now,  the  refractive 
ndex  for  the  line  H  is  about  1-546,  and  for  B 
1'526.  Taking  this  proportion  as  our  guide,  the 
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refractive  index  for  the  rays  at  the  extremity  of 
the  dark  thermal  spectrum  would  be  1-506.  But 
from  these  separate  indices  the  sensible  length  of 
the  undulation  of  the  ether  at  S  may  be  com- 
puted. Miiller,  in  the  end,  employs  a  very 
simple  process.  Slightly  deviating  fi-om  his 
earliest  method,  he  adopts  "the  formula  of  Cauchy, 

which  expresses  the  relative  position  between  n, 
the  index  of  separation,  and  X,  the  length  of  the 
wave;  or  the  more  accurate  equation, 

1  ,  o 

and  determines  the  constants  a,  b,  and  c,  by 
equations  of  condition :  this  result  is — adopting 
Esselbach's  conclusion — that  we  can  distinctly 
recognize  within  the  extreme  limits  of  the  flu- 
or&scent  and  thermal  spectra,  waves  of  the  fol- 
lowing lengths,  estimated  in  millimeters :  

0-0003;  0-0006;  0-0012;  0-0024;  0-0048. 

Consequently  the  solar  spectrum,  as  at  present 
analyzed,  includes  Four  Octaves;  and,  of 
these  Four  Octaves,  the  visible  part  extaads  over 
one  only. — It  must  not  be  rashly  concluded, 
however,  that  there  are  no  vibrations  outside 
these  two  limits.  They  are  merely  the  limits  of 
the  vibrations  as  yet  recognized  by  us. 

We  owe  to  the  kindness  of  Professor  Stokes  a 
plate  and  description  of  a  series  of  lines  he  has 
found  in  the  invisible  part  of  the  spectrum,  made 
visible  by  the  use  of  dilute  tincture  of  turmeric. 
Part  of  the  ordinary  spectrum  is  included  in  the 
plate,  to  exhibit  the  relative  scale  of  the  two 
portions. 


Fig.  5. 


There  follows  a  group  of  six  nearly  equidistant 
mes  or  bands,  of  which  the  first  is  rather  hazy,  and 
Itituated  at  a  distance  from  the  second,  somewhat 
^^■88  than  the  mean  interval  of  the  lines  of  the 
'onpj  the  third,  marked  P,  is  more  conspicuous 
'an  its  neighbours ;  the  last,  marked  Q,  is  re- 
uarkably  black,  and  well  defined.    After  a  faint 
foup  follows  the  group  R,  which,  according  to 
:rcumstancea,  is  seen  as  a  dusky  band,  or  is 
•^Ived  into  four  lines  (the  third  of  which  is 
irked  R),  of  which  the  two  more  refrangible 
*  darker  and  sharper  than  the  other  two,  and 
3  also  somewhat  closer  together.    The  interval 
"^een  the  groups  R  and  S  is  faintly  shaded 
;h  inconspicuous  lines.    About  half-way  be- 
ien  these  groups  is  a  space  brighter  than  usual, 
I  ^^consequence  of  its  freedom  from  fixed  lines, 
I  ^Icich  accordingly,  in  negative  photographs, 
nes  out  as  a  striking  dark  band.    S  is  a  very 
■king  group,  consisting  of  three  dark  bands, 


separated  by  rather  shady  intervals.  The  second 
of  these  bands,  marked  S,  divides  the  interval 
between  the  first  and  third,  in  the  proportion  of 
almost  three  to  two.  After  two  lines  not  remark- 
able, comes  the  line  T,  which  is  a  remarkably 
black  and  well-defined  band,  of  sensible  breadth. 
T  is  separated  by  three  faint  lines  from  U,  which 
is  a  remarkably  conspicuous  double  band,  of 
some  breadth.  V  is  also  consjiicuous.  When 
the  sun  is  high,  as  during  the  middle  hours  of 
the  day,  throughout  the  summer  months,  and  is 
shining  clearly,  the  lines  are  seen  without  any 
difficulty,  as  far  as  U,  or  even  V ;  but  the  ligh"t 
then  becomes  so  very  faint,  that  the  last  two 
lines  in  the  group  are  barely  visible.  The  rapi- 
dity with  which  the  illumination  decreases  nt 
the  end  of  the  spectrum  is  remarkable. 

III. 

III.  Let  us  now  turn  to  on  anah-sia  of  the 
purely  Luminous  Speclrum. 
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I.  The  Spectritm  of  Dispersion,  as  mani- 
fested BY  THE  Prism. — The  analysis  of  the 
Luminous  Spectrum,  through  agency  of  Refrac- 
tion, we  owe  to  Sir  Isaac  Newton.  The  pheno- 
mena of  the  process  are  desci'ibed  as  follows  by 
Sir  John  llerschel,  in  the  Treatise  on  Light,  ori- 
ginally contributed  to  the  Encychpmdia  Metro- 
politana, — a  treatise  requiring  only  a  degree  of  re- 
visal  by  the  same  master  hand,  to  be  not  only  the 
most  satisfactory  dissertation  existing  in  our  lan- 
guage on  that  important  department  of  Physics, 
l)at  also  perhaps  the  finest  production  of  his  classic 
pen. — "  When  a  ray  of  light  falls  obliquely  on 
the  surface  of  a  refracting  medium,  it  is  not  re- 
fracted entirely  in  one  direction,  but  undergoes  a 
separation  into  several  rays,  and  is  dispersed  over 
an  angle  more  or  less  considerable,  according  to 
the  nature  of  the  medium  and  the  obliquity  of 
incidence.  Thus,  if  a  sunbeam  s  c  be  incident 
on  the  refracting  smface  A  b,  and  be  afterwards 
received  on  a  screen 
K  V,  it  will,  instead  of 
a  single  point  on  the 
screen  as  R,  illuminate 
a  space  r  v  o/'  a  greater 
extent  the  greater  is  the 
angle  of  incidence.  The 
ray  s  c,  then,  which, 
before  refraction  was 


Fig.  1. 


single,  is  separated  into  an  infinite  number  of 
rays  c  R,  c  o,  c  y,  &c.,  each  of  which  is  re- 
fracted differently  from  all  the  rest — The  several 
rays  of  which  the  dispersed  beam  consists,  are 
found  to  differ  essentially  from  each  other,  and 
from  the  incident  beam,  in  a  most  important 
pliysical  character.  They  are  of  different  colours, 
The  light  of  the  sun  is  white.  If  a  sunbeam  be 
received  directly  on  a  piece  of  paper,  it  makes  on 
it  a  white  spot ;  but  if  a  piece  of  white  paper 
(that  is,  such  as  by  ordinary  daylight  appears 
white)  be  held  in  a  dispersed  beam,  as  r  v,  the 
illuminated  portion  will  be  seen  to  be  differently 
coloured  in  different  parts,  according  to  a  regular 
succession  of  tints  which  is  always  the  same, 
whatever  be  the  refracting  medium  employed. — 
To  make  the  experiment  in  the  most  striking 
and  satisfactory  manner,  procure  a  triangular 


prism  of  good  flint  glass,  and  having  darkened  a 
room,  admit  a  sunbeam  tlirough  a  small  round 
hole,  0  p,  in  the  window  sluittcr.    If  this  be  re- 
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ceived  on  a  white  screen  d  at  a  distance,  there 
will  be  formed  a  round  white  spot,  or  image  of  the 
sun,  which  will  be  larger  as  the  paper  is  farther 
removed.    Now,  in  the  beam  before  the  screen, 
place  the  prism  a  b  c,  having  one  of  its  angles 
c  downwards  and  parallel  to  the  horizon,  and  at 
right  angles  to  the  direction  of  the  sunbeam ;  and 
let  the  beam  fall  on  one  of  its  sides,  b  c,  obliquely. 
It  will  be  refracted  and  turned  out  of  its  course, 
and  thrown  upwards,  pursuing  the  course  f  6  u. 
and  may  be  received  on  a  screen  e  properly  placed, 
But  on  this  screen  there  will  no  longer  be  seen  a 
white  round  spot,  but  a  long  streak,  or,  as  it  is 
called  in  optics,  a  spectrum  r  v  of  most  %nvid 
colours,  (provided  the  admitted  sunbeam  be  not 
too  large,  and  the  distance  of  the  screen  from  the 
prism  considerable).    The  tint  of  the  lower  or 
least  refracted  extremity  r  is  a  brilliant  red,  more 
full  and  vivid  than  can  be  produced  by  any  other 
means,  or  than  the  colour  of  any  natural  sub- 
stance. This  dies  away  first  into  an  orange,  and 
then  passes  by  imperceptible  gradations  into  a  fine 
pale  straw-yellow,  which  is  quickly  succeeded  by 
a  pure  and  very  intense  green,  which  again  passes 
into  a  blue,  soon  deepening  to  the  purest  indigo. 
Meanwhile,  the  intensity  of  the  illumination  is  di- 
minishing, and  in  the  upper  portion  of  the  indigo 
tint  is  very  feeble,  but  it  is  continued  stiU  beyond, 
and  the  blue  acquires  a  pallid  cast  of  purplish-red, 
or  livid  hue,  more  easily  seen  than  described,  and 
which,  though  not  to  be  exactly  matched  by  any 
natural  colour,  approaches  most  nearly  to  that  of 
a  fading  violet:  'tinctus  viola  pallor.' — If  the 
screen  on  which  the  spectrum  be  received  have  a 
small  hole  in  it,  too  small  to  allow  the  whole  of 
the  spectrum  to  pass,  but  only  a  very  narrow 
portion  of  it,  as  x,  the  portion  of  the  beam  which 
goes  to  form  that  particular  spot  x  may  be  re- 
ceived on  another  screen  at  any  distance  behiini 
it,  and  will  there  form  a  spot  D  of  the  very  sanu 
colour  as  the  part  x  of  the  spectrum.    Thus,  i* 
X  be  placed  in  the  red  part  of  the  spectrum,  the 
spot  D  will  be  red ;  if  in  the  green,  green :  aiio 
in  the  blue,  blue.    If  the  eye  be  placed  at  d,  h 
wiU  see  through  the  hole  an  image  of  the  sun. 
of  dazzling  brightness;  not,  as  usually,  whit*:, 
but  of  the  colour  which  goes  to  fonn  the  spoi 
X  of  the  spectrum.    Thus  we  see,  that  the  joini 
action  of  all  the  rays  is  not  essential  to  thf 
production  of  the  coloured  appearance  of  the 
spectrum,  but  that  one  colour  may  be  insulated 
from  the  rest,  and  examined  separately.  I'; 
instead  of  receiving  the  ray  x  d,  transniittd 
through  the  liole  x,   on  a  screen  immedi- 
ately behind  it,  it  be  intercepted  by  anothc 
prism  a  c  b,it  Avill  be  refracted,  and  bent  from 
its  course,  asinxfg  x;  and  after  this  secon>i 
refraction  mav  be  received  on  a  screen  e.  Dul 
it  is  now  observed  to  be  no  longer  separate*! 
into  a  coloured  spectrum  like  the  original  M 
R  V,  of  which  it  formed  a  part.     A  sinffi 
spot  X  only  is  seen  on  the  screen,  the  colour 
which  is  uniform,  and  precisely  that  which 
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:irt  X  of  the  spectnim  would  have  had  were  it 
iitercepted  on  the  first  screen.  It  appears,  then, 
Imt  the  ray  which  goes  to  form  any  single  point 
)f  the  spectrum,  is  not  only  independent  of  all 
he  rest,  but  having  been  once  insulated  from 
hem,  is  no  longer  capable  of  further  separation 
iito  different  colours  by  a  second  refraction — 
I  'his  simple,  but  instructive  experiment,  then, 
lakes  us  acquainted  with  the  following  proper- 
83  of  light: — 1.  A  beam  of  light  consists  of  a 
reat  and  almost  infinite  variety  of  rays  differing 
om  each  other  in  colour  and  refrangibility. — For 
le  ray  s  f  from  any  one  point  of  the  sun's  disc, 
hich,  if  received  immediately  on  the  screen, 
ould  have  occupied  only  a  single  point  on  it, 
■  (supposing  the  hole  in  the  screen  to  have  a 
ible  diameter)  only  a  space  equal  to  its  area, 
d  dilated  into  a  line  v  r  of  considerable  length, 
ery  point  of  which  (speaking  loosely)  is  illu- 
anateid.  Now  the  rays  which  go  to  v  must 
jicessarily  have  been  more  refracted  than  those 
liiich  go  to  K,  which  can  only  have  been  in 
ftne  of  a  pecuhar  quality  in  the  rays  them- 
vves,  since  the  refracting  medium  is  the  same 
•  r  all. — 2.  White  light  may  be  decomposed,  ana- 
»ed,  or  separated  into  its  elementary  coloured 
by  refraction.  The  act  of  such  refraction  is 
1  the  dispersion  of  the  coloured  rays. — 3. 
elementary  ray  once  separated  and  insii- 
from  the  rest,  is  incapable  of  further  de- 
ipposition  or  analysis  by  the  same  means.  True, 
nmay  place  a  third,  and  a  fourth,  prism  in  the 
Y  of  the  twice  refracted  ray  of  x,  and  refract 
any  way,  or  in  any  plane ;  it  remains  un- 
lersed,  and  preserves  its  colour  quite  unaltered. 

The  dispersion  of  the  coloured  rays  takes 
« in  the  plane  of  the  refraction ;  for  it  is  found 
the  spectrum  v  r  is  always  elongated  in  this 
le.    Its  breadth  is  found,  on  the  other  hand, 
rneasurement,  to  be  precisely  the  same  as  that 
he  white  image  d,  of  the  sun,  received  on  a 
:n  at  a  distance  o  d  fron\  the  hole,  (fig.  2) 
tooK  +  FO  +  OR,  the  whole  course  of 
n  refracted  light,  which  shows  that  the  beam 
luiundergone  no  contraction  or  dilatation  by  the 
t  of  refraction  in  a  plane  perpendicular  to 
p  plane  of  refraction."     In  the  portion  of 
5  same  article  immediately  succeeding.  Sir 
Herscliel  offers  instructions  concerning  the 
pulation  requisite  for  the  evolution  of  a 
spectrum.    As  no  instruction  can  be  of 
consequence  to  tlie  Inquirer  into  the 
titution  of  the  spectrum,  we  quote  his  words 
at  length. — "  Refraction   by  a  prism 
us  the  means  of  separating  a  ray  of 
light  into  the  rays  of  different  refran- 
jty  of  which  it  consists,  or  of  analyzing  it. 
make  tlie  analysis  complete,  and  to  insu- 
i  ray  of  any  particular  refrangibility  in  a 
of  perfect  purity,  several  precautions  are 
,  the  chief  of  wliich  are  as  follows: — Ist. 
"Jl^^Meam  of  light  to  be  analyzed  must  be  very 
as  nearly  as  possible  approaching  to  a  ma- 
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thematical  ray;  for  if  A  b,  o  6  (fig.  3)  be  a  beam  of 
parallel  rays  of  any  sensible  breadth  incident  on 
the  prism  p,  the  extreme  rays,  A  b,  a  6,  will  each 
be  separated  by  a  refraction  into  spectra  g  b  h 
and  gbh:  b  G,  6  17,  being  the  violet,  and  B  n. 
h  h,  the  red  rays  of  each  respectively ;  and  since 
A  B,  a  6,  are  parallel,  therefore  c  g  and  c  ff  will 
be  so,  and  also  d  h  and  d  k.  Hence  the  red  rav 
D  H  from  b  will  intersect  the  violet  c  g  from  h. 
in  some  point  f  behind  the  prism ;  and  a  screen 
E  F  if  placed  at  f  will  have  the  point  f  illumi- 
nated by  a  red  ray  from  b,  and  a  violet  one  from 
6;  and  therefore  (as  is  easily  seen)  by  all  the 
rays  intermediate  between  the  red  and  violet, 
from  points  between  b  and  b.    f  therefore  will 


Fig.  3. 

be  white.  If  the  screen  be  placed  nearer  the 
prism  than  f  as  at  k  l  k  I,  it  is  clear  that  from 
any  point  between  l  and  k  lines  drawn  parallel 
to  K  D  L,  to  any  intermediate  direction,  will 
fall  between  c  and  c,  d  and  d,  &c.,  respectively; 
and  therefore  that  every  point  between  l  and  k 
will  receive  from  some  point  or  other  of  the  sur- 
face c  d  o{  the  prism  a  ray  of  each  colour,  and 
wiU  therefore  be  white.  Again,  any  point  as  x 
between  k  and  I  can  receive  no  violet  ray,  nor 
any  ray  of  the  spectrum  whose  angle  of  de^na- 
tion  is  greater  than  180° — a  b  x;  for  such  ray  to 
reach  x  must  come  from  a  part  of  the  prism  be- 
low b,  which  is  contrary  to  the  supposition  of  a 
limited  beam  a  B,  a  ii ;  but  all  rays  whose  angle 
of  deviation  is  less  than  180° — abx  will  reach 
X  from  some  part  or  other  of  the  surface  b  d. 
Hence  the  colour  of  the  portion  k  I  of  the  image 
on  the  screen  will  be  white  at  k,  pure  red  at  I, 
and  intermediate  between  white  and  red,  or  a 
mixture  of  the  least  refrangible  rays  of  tlie  spec- 
trum at  any  intermediate  point ;  and,  in  the  same 
manner,  the  portion  k  l  will  be  white  at  l,  violet 
at  K,  and  at  any  intermediate  point  will  have  a 
colour  formed  by  a  mixture  of  a  greater  or  less 
portion  of  the  more  refrangible  end  of  the  spec- 
trum. If  the  screen  bo  removed  beyond  v  m 
into  the  situation  o  g  11  A,  the  white  portion  will 
disappear,  no  point  between  g  and  a  being  cap- 
able of  receiving  any  ray  whone  angle  of  deviation 
is  between  180°— «  b  g  and  180°— a  b  n.  We 
may  regard  tlie  whole  image  o  h  as  consisting  of 
an  infinite  number  of  spectra  formed  by  every 
elementary  ray  of  wliicli  the  beam  A  n  «  6  is 
composed,  overlapping  each  other,  so  that  th(? 
end  of  each  in  succession  projects  beyond  that  of 
the  foregoing.  The  fewer,  therefore,  there  are 
of  these  overlapping  spectra,  or  the  smaller  the 
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breadth  of  the  incident  beam,  the  less  will  be  the 
mixture  of  rays  so  arising,  and  tlie  purer  the 
colours.  Removal  of  the  screen  to  a  greater  dis- 
tance from  the  prism,  evidently  produces  the  same 
effect  as  diminution  of  the  size  of  the  beam ;  for 
while  each  colour  occupies  constantly  the  same 
space  on  the  screen  (for  g  £f  =  k  k),  the  whole 
spectrum  is  diflfused  over  a  larger  space  as  the 
screen  is  removed,  by  the  divergence  of  its  com- 
ponent rays  of  different  colours,  and  therefore  the 
individual  colours  must  of  necessity  be  continu- 
ally more  and  more  separated  from  each  other. — 
2dly.  Another  source  of  confusion  and  want  of 
perfect  homogeneity  in  the  colours  of  the  spec- 
trum is  the  angular  diameter  of  the  sun  or  other 
luminary,  even  when  the  aperture  through  which 
the  beam  is  admitted  is  ever  so  much  diminished. 
Por  let  s  T  be  the  sun,  whose  rays  are  admitted 
to  the  prism  A  b  c  through  a  very  small  hole  o 
in  a  screen  placed  close  to  it.  The  beam  will  be 
dilated  by  refraction  into  the  spectrum  v  r.  Now, 


if  we  consider  only  the  rays  of  one  particular 
kind,  as  the  red,  and  regard  all  the  rest  as  sup- 
pressed, it  is  clear  that  a  red  image  r  of  the  sun 
will  be  formed  by  them  alone  on  the  screen :  the 
rays  from  every  point  of  the  sun's  disc  crossing 
at  o,  and  pursuing  (after  refraction)  different 
courses.    If  the  prism  be  placed  in  its  position 
of  minimum  deviation,  which  at  present  we  will 
suppose,  this  image  will  be  a  circle,  and  it  and 
the  sun  will  subtend  equal  angles  at  o.    In  like 
manner,  the  violet  rays  (considered  apart  from 
the  red)  will  form  a  circular  violet  image  of  the 
sun,  at  V,  by  reason  of  their  greater  refrangibility ; 
and  every  species  of  ray,  of  intermediate  refran- 
gibility, will  form,  in  like  manner,  a  circular 
image" between  r  and  v.    The  constitution  of  the 
spectrum  so  arising  will  therefore  be  as  in  fig.  4, 
a  being  an  assemblage  of  images  of  every  pos- 
sible refrangibility  superposed  on  and  overlapping 
each  other.    Now,  if  we  diminish  the  angular 
diameter  of  the  sun  or  luminarj',  each  of  these 
images  will  be  proportionally  diminished  in  size; 
but  their  number,  and  the  whole  extent  over 
which  thev  are  spread,  will  remain  the  same. 
They  wiirtherefore  overlap  less  and  less;  and  if 
the  "luminary  be  conceived  reduced  to  a.  mere 
point,  (as  a  star,)  the  spectrum  will  consist  of  a 
line  d  composed  of  an  infinite  number  of  mathe- 
matical points,  eacli  of  a  perfectly  pure  homo- 
geneous light.  There  are  several  ways  by  which 
the  angular  diameter,  or  the  degree  of  divergence 
of  the  incident  beam  may  be  diminished.  Thus, 
first,  we  may  admit  a  sunbeam  through  a  small 
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hole,  in  a  screen,  and  receive  the  divergent  cone 
of  rays  behind  it  on  another  screen,  at  a  consider- 
able distance,  having  another  small  hole  to  let 
pass,  not  the  whole,  but  only  a  small  portion  c^f 
the  sun's  image.    The  beam  so  transmitted,  will 
manifestly  have  a  degree  of  divergence  less  than 
that  of  the  beam  immediately  transmitted  from 
the  first  screen,  in  the  proportion  of  the  diameter 
of  the  second  aperture,  to  the  diameter  of  the  sun's 
image  on  the  first  screen. — Another  and  mucli 
more  commodious  method  is  to  substitute  for  tli> 
sun  its  image  formed  in  the  focus  of  a  convex 
lens  of  short  focus.    This  image  is  of  very  small 
dimensions,  its  diameter  being  equal  to  foci! 
length  of  the  lens  X  sine  of  sun's  angular  dia- 
meter, (or  sine  of  30',  which  is  about  one  114ti: 
part  of  radius,)  so  that  a  lens  of  an  inch  focu- 
concentrates  all  the  rays  which  fall  on  it  withii. 
a  circle  of  about  the  il4th  of  an  inch  in  dia- 
meter, which,  for  this  purpose,  may  be  regarded 
as  a  physical  point.    It  should,  however,  be  re- 
marked, that  the  intensity  of  the  purified  ray. 
and  the  quantity  of  homogeneous  light  so  ob 
tained,  are  diminished  in  the  same  ratio  as  th' 
purity  of  the  ray  is  increased.— A  third  method 
of  obtaining  a  homogeneous  beam  is  to  repeat 
the  process  of  analysis  on  a  ray  as  nearly  pure 
as  can  be  conveniently  obtained  by  refractioi 
through  a  single  prism.    Thus  the  spectrur 
formed  by  a  first  refraction  is  received  on 
screen  which  intercepts  the  whole  of  it,  excei  ■ 
that  particular  colour  we  wish  to  insulate  an ' 
purify,  which  is  allowed  to  pass  through  an  aper 
ture ;  behind  this  is  placed  another  prism,  so  .v 
to  refract  this  beam  a  second  time.  If,  then,  tli' 
portion  transmitted  were  already  perfectly  part 
it  would  pass  the  second  prism  without  unde- 
going  any  further  separation ;  but  if  there  be  (»■ 
there  always  will)  other  rays  mixed  with  it,  thc-f 
will  be  dilated  by  the  subsequent  refraction  ini| 
a  second  spectrum,  of  faint  light,  with  a  nni' 
brighter  portion  in  the  midst,  and  if  the  rest  > 
the  ray  be  interrupted,  and  this  portion  only 
allowed  to  pass  through  an  aperture,  the  emer- 
gent beam  will  be  much  more  homogeneous  tlmn 
before  its  incidence  on  the  second  prism,  and  m 
proportion  as  the  distance  between  the  seooii'i 
prism  and  the  screen  is  increased,  the  punty  f> 
the  ray  obtained  wiU  be  greater.— Another  souri' 
of  impuritv  in  the  prismatic  rays  is  the  imper- 
fection of  the  materials  of  our  ordinary  pnsm!^ 
which  are  full  of  striae  and  veins,  that  diaper- 
the  light  irregularly,  and  thus  confound  togcUi';'- 
in  the  spectrum,  ravs  which  properly  belong 
different  parts  of  it.  Those  who  are  not  fortimsu 
enough  to  possess  glass  prisms  free  from  this  o; 
feet,  (which  are  very  rare,  and,  indeed,  har. 
to  be  procured  for  any  price,)  may  obviate  i 
inconvenience  by  employing  hollow  prisms  i' ' 
of  water,  or,  rather,  any  of  the  more  disper>  ^ 
oils.    A  great  part  of  the  inconvenience  an- y- 
from  a  bad  prism  may,  liowever,  be  avoi-^en  ^.^ 
transmitting  the  rays  as  mar  ilic  alye  oj  v, 
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poss&le,  so  as  to  diminish  the  quantity  of  mate- 
rial they  have  to  pass  through,  and  therefore  their 
chance  of  encountering  veins  and  striiE  in  their 
passage." — Besides  these  general  rules,  as  laid 
down  by  Sir  John  Herschel,  there  are  other  pre- 
cautions quite  necessary,  so  that  a  pure  spectrum 
be  obtained  ;  or  if  not  absolutely  pure,  one  suffi- 
ciently pure  to  entitle  it  to  rank  as  evidence  in 
very  delicate  inquiries.  The  imperfection  of  the 
glass  of  the  prism,  as  noticed  above,  cannot  pro- 
bably be  wholly  got  rid  of.  Let  a  prism  be  per- 
fect as  it  may,  there  are  scratches  on  its  polished 
surface,  and  minute  stray  points  in  its  interior ; 
and  these  so  disperse  the  incident  light,  that  no 
absolutely  puie  spectrum  can  be  expected.  If 
this  cause  of  error  cannot  be  wholly  removed  or 
counterbalanced,  there  is  another  of  similar  effect 
which  may  easily  be  destroyed.  This  cause  of 
uncertainty — first  indicated  by  M.  Helmholtz — 
is  the  repeated  reflexion  of  the  light  within  the 
prism.  In  the  majority  of  prisms  used  for  ex- 
periments on  dispersion,  the  two  refracting  sur- 
faces alone  are  polished,  the  other  three  being 
ground  dull.  If  such  a  prism  be  placed  upon 
a  dark  gi-ound,  so  that  the  dark  surface  shall  be 
illuminated,  then  within  the  prism  a  series  of 
reflected  rays  of  this  surface  is  observed.  The 
two  polished  sides  act  as  an  angular  medium 
which  exhibits  a  series  of  circular  images  of  any 
object  placed  between  its  reflectors.  In  the  case 
under  consideration,  the  third  surface  occupies 
this  position,  and  we  look  through  one  of  the 
reflectors  into  the  interior.  The  reflected  images 
of  the  third  surface  appear  in  exactly  the  same 
direction  as  the  spectra  which  are  obser\'ed  on 
looking  through  the  prism  ;  and  as  a  portion  of 
the  incident  light  usually  falls  upon  the  third 
surface,  illuminating  it  and  its  images,  a  iceak 
■white  luminosity  is  tlius  created,  which  spreads 
itself  over  the  spectrum.  The  quantity  of  the 
reflected  light  is  certainly  very  small,  and  in 
general  will  not  be  at  all  observed  beside  the 
regularly  refracted  light.  To  cut  it  off,  it  is 
necessary  to  hlaclcen  all  the  surfaces  well,  except 
the  two  refracting  ones. — The  spectrum  thus 
developed  has  been  the  subject  of  much  scru- 
tiny. The  most  important  discovery  regard- 
ing it — at  least  until  quite  recently — being 
tliat  of  the  dark  lines.  See  Frauenhofek's 
Links.  These  singular  lines  are  invaluable 
in  Optics,  furnishing  fixed  positions  within 
the  separate  colours,  by  which  may  be  de- 
termined, with  every  accuracy,  the  refrangibilitv 
answering  to  their  several  positions.  Hav- 
ing already  given  these  determinations  under 
Disi'EitsioN,  we  shall  not  repeat  them  here.  But 
It  may  be  advantageous  that  we  enumerate  the 
fundamental  propositions  to  which — as  contem- 
]ilated  by  llie  Undulatory  Theory  of  Liglit — the 
phenomena  of  Dispersion  give  rise.    Tliey  are 

mainly  Four  First :  Tiie  doctrine  of  the  Pro- 

jiagation  of  Light  by  Undulations,  has  been 
sliowu  by  M.  Cauchy,  to  compreliend  the  fact 
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of  Dispersion.  The  various  waves  of  which  the 
solar  beam  is  made  up  are  not  propagated  on- 
wards with  exactly  the  same  velocities ;  and  the 
phenomena  of  Dispersion  arise  out  of  these  vary- 
ing velocities.  The  fact  of  Refraction  assumes 
a  proportional  change  in  the  velocity  of  the  im- 
pinging wave,  on  its  entering  a  new  medium  ;  and 
as  such  changes  must  be  different  with  regard  to 
the  diflPerent  components  of  the  wave,  we  have 
necessarily,  the  separation  of  tliese  components  or 
their  dispersion. — Secondly :  Colour  within  the 
spectrum,  and  a  special  degree  of  Refrangibility, 
are  inseparable.  To  the  violet  colour,  and  to  the 
red  colour,  specific  refrangibilities  belong,  as  cer- 
tainly  and  essentialh  as  their  specific  tints.  Colour, 
it  must  be  recollected,  is  by  itself  purely  subjec- 
tive :  it  is  a  conception  originating  in  an  action  on 
the  retina,  interpreted  by  the  perceptive  faculty. 
The  physical  action  is  indicated  by  the  refran- 
gibility of  the  ray ;  which  again  depends  on 
the  rapiditj'  of  the  vibrations  of  the  molecules  of 
the  ether  that  conveys  the  wave.  Colour,  in  this 
respect,  is  analogous  to  Sound.  And  as  the 
elementary  colours  indicate  specific  velocities  of 
vibration,  it  is  clear  that  no  elementary  colour 
can  be  decomposed  by  subsequent  refraction. — 
Thirdly:  Just  as  the  notes  of  music,  although 
in  themselves  distinct,  merge  insensibly  into  each 
other,  so  do  the  separate  colours.  Hence  the  im- 
possibility of  assigning  absolute  limits  to  any 
coloured  space  in  the  spectrum.  Strictly  speak- 
ing, the  solar  ray  is  composed  not  of  seven  colours 
only,  but  of  an  infinite  variety : — to  every  sepa- 
rate shade  or  tint  however,  belongs  its  special  re- 
frangibility.— So  fundamental  is  this  fact,  that 
if  a  change  of  colour  should  appear  under  any 
circumstances,  the  most  natural  inference  would 
be,  that  it  was  caused  or  accompanied  by  a 
change  of  refrangibility — a  subject  referred  to 
below. — Fourthly :  Enough  has  perhaps  been 
said  already  in  reference  to  the  discovery  by  Mr. 
Stokes.  It  may  be  well,  however,  to  record 
here  the  specific  propositions  with  which  lie  closes 
his  memoir: — "  (1.)  In  the  phenomenon  of  true 
internal  dispersion  the  refrangibility  of  Light  is 
changed;  incident  light  of  definite  refrangibility 
giving  rise  to  dispersed  light  of  various  refrangi- 
bilities.— (2.)  The  refrangibility  of  the  incident 
light  is  a  superior  limit  to  the  refrangibility  of 
the  component  parts  of  the  dispersed  light. — (3.) 
The  colour  of  light  is  in  general  changed  by  in- 
ternal dispersion,  the  new  colour  always  cor- 
responds to  the  new  refrangibility.  It  is  a  mat- 
ter of  perfect  indifference  whetlier  the  incident 
rays  belong  to  the  visible  or  invisible  parts  of  the 

spectrum  (4.)  The  na  ure  and  intensity  of  the 

light  dispersed  by  a  solution  appear  to  bo  strictlv 
independent  of  tiie  state  of  polarization  of  the 
incident  rays.  Moreover,  wlielher  the  incident 
rays  be  polaiized  or  unjiolarized,  the  disperseii 
light  offers  no  traces  of  polarization.  It  seems 
to  emannte  equally  in  all  directions  as  if  the  fluid 
were  self-luminous.— (6.)  The  phenomenon  of  a 

77 


SPE 

change  of  refraiif^ibility  proves  to  be  extremely 
cummon,  especially  in  the  case  of  organic  sub- 
stances, such  as  those  ordinarily  met  with,  in 
•which  it  is  almost  always  manifested  to  a  greater 
or  less  degree. — (6.)  It  affords  peculiar  facilities 
for  the  study  of  the  invisible  rays  of  the  spec- 
trum, more  refrangible  than  the  violet,  and  of  the 
absorbing  action  of  media  with  respect  to  them." 
It  is  not  more  than  a  bare  acknowledgment  of 
the  truth,  to  say  that  these  propositions — whether 
regarded  in  themselves  or  their  undoubted  effects 
—  are  the  most  important  contributions  made 
in  recent  times  to  Physical  Optics. — Doubt- 
less the  student  will  remark  that  the  phenomena 
suggest  no  hesitation  as  to  the  connection  be- 
tween specific  colour  and  specific  refrangibility ; 
rightly  interpreted,  they  do  the  very  reverse. 

II.  The  Analysis  of  the  Spkctrum  by 
Diffraction. — The  Phenomena  and  Laws  of 
Diffraction  have  been  fully  explained  under 
the  appropriate  article.  See  further,  Diffrac- 
tion in  Appendix. — If  an  ordinary  ray  of  Light 
be  subjected,  by  any  of  the  methods  described, 
to  the  operation  of  Diffraction,  we  have  a  suc- 
cession or  series  of  spectra.  These  spectra, 
examined  by  a  telescope,  exhibit  all  the  usual 
colours  and  intermediate  tints,  and  also  the 
dark  lines  of  WoUaston  and  Frauenhofer.  But 
they  differ  from  the  ordinary  spectra  in  one  im- 
portant particular.  The  form  of  the  latter  (the 
relative  spaces,  i.  e.,  occupied  by  the  various 
colours) — changes  with,  the  matter  of  the  prism 
and  the  position  of  the  screen :  the  character  of 
spectra  of  Diffraction,  on  the  contrary,  is  deter- 
mined by  one  element  alone,  viz.,  the  lengths  of 
the  undulations  corresponding  to  each  colour.  On 
the  ground  of  their  developments,  Frauenhofer 
calculated  the  lengths  of  the  waves  corresponding 
to  the  principal  fixed  lines  in  the  spectrum ;  and 
the  values  he  obtained  must  be  accounted  the 
most  exact  values  yet  extant,  of  these  optical 
constants. — It  scarcely  requires  to  be  remarked 
that  the  entire  theory  of  Diffraction,  confirmed 
in  every  instance  by  experiment,  depends,  (as 
well  as  the  theory  of  Dispersion,)  on  the  identity 
of  the  objective  cause  of  colour,  with  the  refran- 
gibility of  the  various  portions  of  the  spectrum. 
—The  phenomena  of  Polauization  have  not  in 
the  main  much  direct  relation  to  Dispersion; 
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nevertheless  they  also  throw  a  certain  light  on 
this  subject.  The  different  colours  liave  sligiuly 
different  polarizing  angles  (see  Haidingf.k's 
Fringes)  ;  hence  a  slight  dispersion.  The  ana- 
lysis of  the  spectrum,  in  so  far  as  the  production 
of  colour  is  at  all  involved  in  the  phenomena  oi 
Polarization,  yields  the  results  established  by  the 
two  former  methods.  Beyond  these  there  appears 
no  mode  of  detecting  the  elements  of  a  ray  of  light. 
III.  The  Spectrum  as  Analyzed  by  Sir 

David  Brewster  A  view  of  the  constitution 

of  the  Solar  Spectrum  has  been  placed  before  the 
world  by  the  very  eminent  physicist  just  named, 
which,  if  well  founded,  not  only  upsets  the  ana- 
lysis of  Sir  Isaac  Newton,  but  renders  nugatory 
all  supposed  advances  in  the  Theory  of  Light 
since  the  times  of  Huyghens.    Sir  David  con- 
siders that  the  experiments  he  has  detailed  utterly 
dissolve  connection  between  the  Refrangibility  of 
a  ray  and  its  Colour; — a  blow  as  fatal  to  the 
doctrine  of  the  Propagation  of  Light  by  Un- 
dulations, as  it  would  be  to  the  grand  law 
of  our  Celestial  Mechanism,  if  that  bond  could 
be  severed  which  connects  the  Attractive  In- 
fluence of  a  Planet,  -nith  its  Mass —  In  Sii' 
David  Brswster's  opinion,  the  spectrum  consists 
of  three  simple  colours  overlapping,  or  rather 
superimposed.    Each  colour  extends  across  the 
entire  length  of  the  spectrum,  and  therefore 
includes  witliin  itself  rays  of  all  degrees  of 
refrangibility;  but  the  colours  are  so  distri- 
buted in  regard  to  intensity,  that  the  red  light 
contains  a  preponderance  of  rays  of  least  re- 
frangibility, the  yellow  more  rays  of  mean  re~ 
frangibility,  and  the  blue  of  greatest  refrangibility. 
In  other  words,  let  the  curve  whose  apex  is  r 
indicate  by  its  ordinates  the  intensities  of  the 
red  at  each  part  of  it,  the  curve  y  the  intensities 
of  the  yellow,  and  the  curve  B  the  intensities  of 
the  blue,  then  the  seven  colours  of  the  spectrum  aro 
formed  by  the  overlapping  and  proportional  ad- 
mixture of  all  these.  It  is  clear  enough  that  while 
each  line  or  portion  of  the  spectrum  would  continue 
as  before  to  preser\-e  its  specific  refrangibility, 
the  supposed  connection  between  simple  colour 
and  specific  refrangibility  must  be  held  a  delusion, 
if  this  formidable  analj'sis  prove  true.— The  specu- 
lation as  to  the  existence  of  three  primitive  tmts, 
or  rather  three  tints  by  whose  mtermixture  all 
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ither  tints  might  be  produced,  is  by  no  means 
'.ew ;  nor,  taken  in  a  certain  acceptation,  would 
hat  be  very  startling.  Meyer,  Young,  and  others 
lave  put  forth  notions  of  this  kind ; — most  of 
ivhich  have  been  recently  very  acutely  criticised 
iy  M.  Helmholtz  : — the  assertion  peculiar  to  Sir 
David  Brewster,  is  that  the  spectrum,  as  dispersed 
7  the  prism,  consists  of  the  overlapping  of  three 
'ispersed  simple  rays,  each  having  within  itself  all 
legrees  of  refrangibility.  The  process  employed 
0  establish  this  conclusion,  belongs  to  a  portion 
)f  Physical  Optics,  to  the  phenomena  of  which, 
>ir  David  has  made  many  very  remarkable 
ontiibutions, — the  subject,  viz.,  of  Absorption. 
f  he  would  obtain  a  right  comprehension  of 
lie  experimental  part  of  the  inquiry,  it  is  quite 
iidispensable  that  the  student  resort  to  the  ori- 
^nal  memoirs.  In  these,  however,  it  is  virtually 
isserted  as  follows : — First ;  By  transmitting  the 
)rdinary  spectrum  of  Dispersion,  through  coloured 
ir  absorbing  media,  one  or  two  of  the  simple  colours 
nay  be  destroyed,  and  the  residuum  exposed  to 
;xamination. — Secondly ;  Experiments  conducted 
ni  this  principle,  leave  no  doubt  as  to  the  exis- 
ence  of  a  red,  a  yellow,  and  a  blue  colour,  through 
he  entire  length  of  the  spectrum,  varying  only 
II  intensity,  according  to  the  place  of  the  spec- 
rum  under  examination. — Thirdly  ;  Each  of 
lie  so-called  simple  colours  of  the  Newtonian 
[lectrum  can  be  changed  into  other  colours  of  the 
ame  refrangibility,  simply  by  removing — through 
igency  of  an  absorbing  medium — one  or  two  of 
ts  component  tints. — And  Laiily ;  As  white  light 
lonsists  of  a  mixture  of  red,  j'ellow,  and  blue  in 
:ertain  proportions,  a  ray  or  band  of  white  light, 
ndecomposable  by  dispersion,  may  be  extracted 
rom  any  part  of  the  spectrum  by  the  simple  ab- 
sorption of  the  overplus  of  one  or  two  of  tliese  its 
;omponents.  The  view  now  given  has  been 
ittacked  by  many  able  men  and  good  experi- 
nenters.  The  Abbe  Moigno  objects  theoreti- 
:ally  that  we  do  not  at  present  know  the  nature 
if  the  agency  named  Absorption ;  and  that  we  are 
lot  entitled  to  assert,  that  it  consists  in  merely 
stopping  one  portion  of  an  intrant  ray  and  per- 
iiitting  the  residuum  to  pass  unaffected.  He 
idds  that  although  the  doctrines  of  Erman  and 
Von  Wrcde  promise,  they  as  yet  only  promise, 
:o  break  in  on  the  mystery  still  enshrouding  the 
subject  of  the  natural  colours  of  bodies.  But 
criticisms  much  more  formidable,  are  those  of 
m  experimental  kind,  coming  from  practised 
lands.  In  a  very  remarkable  memoir,  Helm- 
loltz  has  pointed  out  now  precautions  as  essen- 
lalia  to  the  production  of  a  pure  spectrum  ;  and 
le  asserts  that  the  very  puzzling  appearances 
<cen  by  Sir  David  Brewster,  arc  not,  under  such 
■ircumstances,  reproduceable.  The  student  is 
eferred  to  the  memoirs  by  Sir  David  Brew- 
ster himself  in  the  Edinburgh  Philoso2)hical 
Transactions  and  the  Philosophical  Magazine; 
to  those  by  Airy,  Draper,  Mellon i,  and  Ilelm- 
iioltz  in  the  Philosophical  Magazine;  and  to  the 
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memoir  by  Bernard  in  the  Annales  de  Physique 
et  de  Chimie. — It  is  demanded  by  justice  to  state 
that,  while  Sir  David  Brewster  firmly  adheres 
to  his  first  views,  and  has  reproduced  them  in 
his  recent  interesting  Life  of  Sir  Issac  Newton, 
Helmholtz  thus  concludes  his  elaborate  essay: — 
"  I  have  now  mentioned  all  the  facts  adduced  by 
Brewster.  Although  I  have  been  unable  to  repeat 
all  his  experiments,  I  believe  the  discussion  of 
those  which  I  have  succeeded  in  repeating,  abun- 
dantly proves  that  in  his  method  many  hitherto 
unobserved  influences  come  into  play  which  render 
a  sure  judgment  of  the  colours  impossible  and  de- 
prive his  arguments  of  all  force.  If  the  assumed 
connection  of  refrangibility  or  length  of  wave,  with 
colour,  is  to  be  proved  erroneous,  it  must  be  done 
by  some  more  certain  method  of  observation, 
— a  principal  condition  of  which  is,  that  the 
colour  investigated  be  separated  from  the  other 
colours,  and  rendered  free  from  every  trace  of 
irregularly  dispersed  light." 

Speculum.  In  optics,  a  metallic  mirror, 
specially  one  of  those  which  are  used  in  the  con- 
struction of  reflecting  telescopes.  Referring  to 
other  articles  for  the  detailed  theory  of  these  in- 
struments, it  suffices  here  to  state  that  tliey  con- 
sist essentially  of  a  large  concave  speculum  which 
forms  in  its  focus  the  image  of  a  luminous  object; 
and  of  some  optic  apparatus  for  magnifying  that 
image.  As,  however,  the  image  and  object  are 
on  the  same  side  of  the  speculum,  some  contriv- 
ance is  also  required  to  prevent  the  observer  from 
standing  in  his  oicn  light.  In  the  first,  and  in 
many  respects  the  best  form,  that  contrived  and 
executed  by  the  illustrious  Newton,  the  cone  of 
rays,  before  meeting  in  the  focus,  is  reflected  at 
right  angles  by  a  plain  speculum,  little  larger 
than  its  section  there,  to  the  side  of  the  tube, 
where  it  enters  an  ordinary  eye-piece.  The  ob- 
server, therefore,  is  at  the  top  of  the  tube,  and, 
it  may  be  at  a  considerable  height  from  the 
ground ;  or  the  gi-eat  speculum  is  perforated  at  its 
vertex,  and  the  ray-cone  is  received  on  a  specu- 
lum parallel  to  the  other,  so  that  it  is  reflected 
back  along  its  path  through  the  opening,  and 
forms  a  second  image  behind  the  great  speculum, 
where  the  eye-piece  is  placed.  No  light  is  lost 
by  the  aperture,  as  it  is  always  screened  by  the 
small  speculum.  If  this  be  concave,  the  tele- 
scope is  the  one  proposed  by  Gregory,  before 
Newton's,  but  not  executed  for  nearly  half  a 
century  after ;  if  convex,  it  is  Cassegrain's.  Both 
have  the  inconvenience  of  magnifying  too  much, 
in  consequence  of  the  action  of  the  second  specu- 
lum. The  fourth  kind  of  telescope  has  its  great 
speculum  inclined,  so  that  its  focus  is  at  the  verv 
edge  of  the  tube's  mouth,  and  the  observer  looks 
through  the  eye-piece  right  at  the  mirror.  It  is 
called  the  Ilorschelian,  from  the  great  astrono- 
mer, who,  with  instruments  of  this  construction, 
explored  so  deeply  the  abysses  of  the  starry  uni- 
verse. In  all  the  four,  it  is  obvious  that  their 
power  depends  on  the  quantity  of  light  which  they 
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can  concentrate  into  the  eye,  that  is  on  the  surface 
exposed  by  the  great  speculum  ;  and  also  on  the 
precision  with  which  that  light  is  condensed  into 
a  single  point,  qualities  depending  on  the  mag- 
nitude, the  curvature,  and  polish  of  the  surface. 
If  every  part  have  the  same  focus,  the  surface  is 
parabolic ;  if  the  edge  be  of  shorter  focus  than  the 
centre,  it  is  an  ellipsoid  of  some  land,  if  longer, 
an  hyperboloid.  Any  attempt  to  produce  this 
precise  figure,  by  any  process  of  copying,  is 
utterly  hopeless ;  "for  even  at  the  edge  of  a  six 
feet  speculum,  a  deviation  from  the  parabola,  suf- 
ficient to  make  it  useless,  could  scarcely  be  de- 
tected by  the  most  refined  means  of  measurement 
which  man  has  invented.  Yet  the  difficulty  has 
been  completely  vanquished,  though  only  in  our 
own  time ;  and,  independent  of  the  inestimable 
results  which  have  been  given  to  mankind  by  the 
labours  of  the  two  Herschels,  Lassell,  and  Rosse, 
it  will  not  be  without  interest  to  consider  a  pro- 
blem of  mechanics  of  so  high  an  order — It  in- 
volves the  methods  of  casting,  figuring,  and 
supporting  specula,  and  we  purpose  to  give  a 
brief  exposition  of  each  of  these,  referring  those 
desh-ous  of  fuller  information  to  the  list  given  at 
the  end  of  this  article. 

(1.)  Casting  The  material  generally  em- 
ployed (and  whose  use  goes  back  to  the  remotest 
dep'ths  of  Egyptian  and  Etruscan  antiquity)  is  an 
allov  of  copper  and  tin  in  the  proportion  of  32  to 
1 5  nearly.   This  "  speculum  metal "  is  very  bril- 
liant, but  is  perhaps  the  most  intractable  among 
metallic  bodies,  so  brittle  that  it  breaks  even  in 
large  masses  with  a  slight  blow  or  sudden  change 
of  temperature,  and  so  hard  and  friable  that  it 
cannot  be  wrought  by  tools  of  steel.    Some  per- 
sons add  a  little  arsenic,  as  recommended  hy 
Newton,  to  make  it  still  more  reflective,  others 
zinc:  these  volatile  metals  seem  objectionable. 
Silver  makes  it  too  soft,  and  nickel,  which 
whitens  so  much  the  yellow  alloy  of  copper  and 
zinc,  makes  this  yellowish.    Lord  Rosse,  after 
many  experiments,  prefers  the  simple  speculum 
metal,  but  attaches  much  importance  to  having 
it  a  definite  atomic  compound,  consisting  of  four 
equivalents  of  copper  to  one  of  tin,  or  32  to 
1 4-9 11.     In  these  proportions  it  is  much  less 
liable  to  be  tarnished  than  when  either  compo- 
nent is  in  excess;  and  we  have  seen  a  two  feet 
speculum  of  it,  which  retains  much  of  its  origmal 
brightness,  though  it  has  been  left  uncovered  in 
an  open  workshop  for  more  than  sixteen  years. 
In  forming  tliis  aUoy,  grain  tin  should  alway.s 
be  used;  for  large  specula  the  purest  commercial 
copper  must  be  selected,  but  for  smaller  (4  or  5 
inches  diameter)  it  is  certainly  advantageous  to 
use  that  obUiined  by  the  electrotype  process. 
The  copper  is  to  be  fused  by  itself;  the  tin,  pre- 


*  A  specuhim  should  alwnys  be  kept  covered  ^^^  len 
not  in  use;  nnd  if  very  largo,  its  box  should  commum- 
cate  witl.  ft  vess<-l  containliif?  qmcUlimc,  to  tljj  a'r 
in  contact  with  it.  Smaller  oner>  nro  .so  easily  repolioUea 
tliat  for  tliem  It  is  scarcdly  required. 
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viously  melted  in  a  separate  crucible,  is  to  be 
poured  into  it,  rapidly  stirred,  and  as  soon  as 
possible  the  mixture  is  cast  into  ingots.  These 
precautions  are  taken  to  prevent  as  much  as  pos- 
sible the  oxidation  of  the  tin  at  the  high  tem- 
perature of  melting  copper.     The  alloy,  when 
once  formed,  melts  at  a  much  lower  heat,  and 
should  always  be  re-melted  for  casting.    It  is  a 
curious  fact' that  it  is  scarcely  possible  to  obtain 
a  specimen  of  it  without  a  number  of  miuute 
pores,  which  are,  in  favourable  circumstances, 
only  to  be  seen  with  the  microscope,  but  if  cast 
at  too  high  a  heat,  especially  if  they  be  pieces  of 
the  original  ingots,  these  are  conspicuous  to  the 
naked  eye.    This  seems  analogous  to  the  extri- 
cation of  oxygen  from  copper  and  silver  when 
they  become  solid  after  fusion,  and  might  perhaps 
be  obviated,  as  in  the  first  of  these  metals,  by 
polmg,"  that  is,  stirring  the  fluid  metal  with 
dry  poles  of  wood.    As  the  copper  may  not  be 
quite  pure,  or  some  tin  may  be  lost  by  o.xidation, 
samples  should  be  examined,  and  a  little  tin 
added  to  the  mass  if  they  fall  short  of  the  stand- 
ard brilliancy.— The  casting  a  large  and  perfect 
disk  of  this  most  refractory  substance,  is  one  of  the 
highest  triumphs  of  the  founder's  art-  If  rapidly 
cooled,  or  cast  in  a  close  mould,  it  will  certuin'y 
fly  m  pieces,  and  if  cast  in  sand  as  an  open  cast- 
ing, it  will  most  probably  be  spongy  or  have  a 
crystalline  structure  that  will  be  visible  when  it 
is  poUshed.   These  defects  are  prevented  by  cast- 
ing it  on  a  "  chill,"  a  surface  of  iron  moderately 
warmed,  which  (as  in  the  case  of  cast  iron)  gives 
a  fine  grain  and  increased  compactness  to  a  small 
distance  from  the  surface  which  has  been  in  con- 
tact with  it.    Mr.  Lassell's  mode  of  doing  this, 
as  improved  by  Mr.  Nasmyth,  is  as  follows.  A 
cast  iron  mould,  a  little  deeper  than  the  specu- 
lum, -svith  its  bottom  convex  of  the  same  radius, 
is  attached  to  the  end  of  a  strong  lever,  which  i> 
loaded,  so  that  when  the  mould  is  empty,  it> 
bottom  makes  a  considerable  angle  with  the  ho- 
•izou,  but  becomes  horizontal  when  charged  with 
the  proper  quantity  of  speculum  metal.  The 
fused  metal  is  poured  into  a  lateral  cell  commu- 
nicating with  the  mould  at  its  lowest  point. 
This  neat  arrangement  allows  the  metal  to  rise 
smoothly  and  evenly  along  the  bottom,  and  will 
free  the  cast  from  all  entangled  air  or  scona,  but 
is  not  so  likely  to  clear  it  from  the  gases  evolved  in 
its  solidification  as  that  which  Lord  Rosse  had 
contrived  after  a  long  series  of  experiments.  U 
may  also  be  questioned  whether  it  would  be  of  easy 
management  with  specula  of  the  very  largest 
sizes.*— Lord  Ros.se  makes  the  bottom  of  nis 
mould  of  pieces  of  hoop  iron,  wedged  tight  on 
edge  in  an  iron  frame  and  turned  to  the  proper 
curvature :  it  holds  the  fused  metal,  but  lete  gase- 
ous matter  pass  freely  through  its  interstice--. 
On  this  a  wooden  pattern  is  laid  about  twice  as 


*  The  two  fcpt  spccnUim  weish8  3i  c«t.  the  Uirce 
feet  13  cwt.,  and  the  six  fuet  80  cwU 
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ep  33  the  intended  speculum,  and  larger 

0  allow  for  the  shrinkage):  sand  is  rammed 
)and  this.  When  the  metal  is  poured  into  the 
ivity  so  formed,  the  lower  surface  is  chilled, 
le  sides  in  contact  with  the  sand  become  hard 
xt,  but  the  central  parts  remain  longer  fluid, 
le  top  or  back  of  the  speculum  congealing  last, 
hich  allows  all  the  contraction  and  irregularity 

texture  to  occur  there  where  they  are  not  in- 
rious.  He  finds  it  essential  to  insure  the  pro- 
•r  quality  of  metal  that  the  fusions  should  be 
rformed  in  covered  crucibles ;  these  are  of  cast 
)n,  and  must  be  cast  with  their  mouths  up,  or 
ey  will  be  too  porous  to  retain  it ;  the  best  fuel 
peat  or  charcoal.  In  this  way  all  his  three 
id  six  feet  specula  have  been  cast,  without  (we 
lieve)  a  single  case  of  failure,  and  we  have 
ison  to  think  that  even  larger  diameters  could 

managed. — However  successfully  the  casting 
ly  have  been  accomplished,  the  annealing  must 

still  more  carefully  attended  to.    While  yet 

1  hot  (in  which  state  it  is  not  brittle),  it  must 
removed  to  a  furnace,  which  for  some  days 

3vious  has  been  kept  heated,  so  that  all  its  in- 
•ior  brickwork  is  at  a  full  red  heat.    If  cast  in 

iron  mould,  it  may  be  transferred  in  that,  but 
not,  the  floor  of  the  furnace  should  be  curved 

match  the  speculum.  All  the  space  round 
should  be  packed  with  ignited  fuel ;  and  every 

rture  of  the  furnace  being  carefully  luted,  it 
left  to  cool.  For  a  six  feet  tliis  requires  a 
mth  or  six  weelts;  and  it  has  been  found 
u  the  walls  and  vault  of  the  furnace  should 
at  least  two  feet  thick.  Small  specula  may  be 
iced  in  a  Dutch  oven  filled  with  burning  peat, 
1  surrounded  with  a  fire  of  the  same,  which  is 
t  to  burn  out. 

(2.)  Figure. — The  giving  to  the  disc  of  metal, 
13  obtained,  a  brilliant  polish,  combined  with  a 
e  parabolic  figure,  is  one  of  the  most  wonder- 
achievements  of  art ;  and  it  must  be  kept  in 
rid,  notwithstanding  all  the  improvements  of 
1  process  which  have  recently  been  made,  that 
s  one  of  the  greatest  delicacy,  that  it  requires 
!  most  scrupulous  attention  in  every  part, 
It  a,  very  slight  omission  will  make  it  fail| 
1  that  even  the  most  experienced  operator  is 
;  secure  from  disappointment. — This  process 
I  twofold,  grinding  and  polishing.     The  first 
I  these  is  performed  when  the  speculum  is 
gh  from  the  annealing  furnace,  by  a  tool 
which  small  pieces  of  gritstone  are  cemented, 
"id  to  the  convexity  of  the  surface  by  the 
ge.    Two  gauges  should  be  provided,  a  con- 
<  and  a  concave  ;  they  arc  pieces  of  sheet 
n  on  which  circular  arcs  are  struck,  of  a  radius 
uaal  to  twice  the  focal  lengtli,  and  afterwards 
•  ;  free  by  filing  and  griiuliug.    When  the  sur- 
0  is  made  even  by  tiiis  tool,  it  is  changed  for 
Jther  of  cast  iron,  truly  turned  to  the  convex 
ige,  and  cut  up  into  small  squares  by  two  sets 
^Toovos  about  \  inch  wide,  and  the  same  deptli, 
■  by  the  planing  machine,  or  otherwise.  This 
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is  charged  first  with  quartrose  sand,  then  with 
emery  and  water,  and  made  to  traverse  the  face 
of  the  speculum,  by  one  of  the  machines  here- 
after described,  as  in  the  process  of  polishing, 
but  with  shorter  strokes.    From  time  to  time 
the  mud  must  be  washed  away,  and  emery  of 
increasing  fineness  applied,  till  all  the  scratches 
of  the  earlier  part  of  the  process  are  removed, 
and  the  tool  is  in  perfect  and  uniform  contact 
with  the  speculum.   If  the  surface  be  broken  up, 
the  emery  is  not  fine  enough ;  but,  if  in  the  process 
of  levigation  it  has  been  suspended  in  water  for 
four  minutes,  it  will  give  a  face  sufiiciently 
smooth  to  show  a  star  well  enough  for  determin- 
ing its  focal  length,  and  even  the  quality  of  its 
figure.    If  the  focal  length  prove  too  short,  the 
central  parts  of  the  grinder  must  be  cautiously 
reduced  by  filing  or  scraping,  and  the  process 
repeated  with  the  fine  emery;  and  vice  versa. 
Even  in  this  stage  the  figure  is  under  control, 
and  it  is  best  that  it  should  be  kept  elliptic.  If 
a  duplicate  speculum  be  wanted,  it  is  well,  as 
suggested  by  Mr.  Lassell,  to  cover  the  face  of 
the  grinder  with  sheet  lead,  for  the  coarser  part 
of  the  work ;  the  emery  beds  itself  in  this  cut- 
ting very  keenly,  and  the  iron  surface  is  only 
used  at  the  last,  thus  being  not  liable  to  much 
alteration.    After  the  emery,  tools  of  blue  hone 
or  slate  have  been  used  to  remove  scratches ;  but 
if  the  emery  be  of  the  qualities  just  mentioned, 
and  the  metal  good,  they  are  quite  imnecessary. 
During  the  first  part  of  this  process,  the  edge  of 
the  speculum  should  also  be  ground  true  with 
sand,  and  a  divided  hoop  of  iron,  which  can  be 
tightened  as  it  wears  by  a  screw;  it  is  also 
desirable,  though  not  absolutely  necessarj-,  that 
the  back  should  be  brought  to  a  uniform  surface 


_  (3.)  Polishing.— In  this,  the  grmder,  or  a 
similar  tool  (sometimes  made  of  lighter  materi- 
als), is  coated  with  pitch  to  a  thickness  varying 
from  the  to  the  i  of  an  inch,  keeping  open  the 
grooves  which  divide  it  into  squares.  The  specu- 
lum, secured  level  on  the  polishing  machine, 
and  most  carefully  cleared  from  emery  or  dust,  is 
smeared  with  a  mixture  of  water  and  that  form  of 
peroxide  of  iron  known  in  commerce  as  jeweller's 
rouge,  and  the  polisher,  warmed  to  80°,  is  laid 
on  it  for  a  minute  or  two.  If,  on  raising  it,  it 
appears  that  all  the  squares  of  the  pitch  have 
not  come  into  full  contact  with  the  speculum, 
the  process  must  be  repeated  till  this  is  elFected. 
Pitch  was  originallj-  proposed  for  this  purpose 
by  Newton,  and  nothing  has  been  found  which 
answers  so  well.  It  must  have  a  deflnito  hard- 
ness, which  can  be  proved  by  Mr.  Lassell's  test. 
A  sovereign,  when  standing  on  it  vertically  fur 
one  miiuite,  should  leave  on  it  the  impression  of 
four  nicks  of  its  milling.  If  aoficr  than  this,  it 
should  be  kept  some  time  boiling;  if  harder 
softened  by  a  little  oil  of  turpentine.  The  pol- 
isher is  now  ready  for  work.  In  tlio  old  manunl 
process,  the  polisher  is  fixed  on  a  firm  block 
and  the  operator,  holding  the  speculum  by  a 
81 
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handle  cemented  to  its  back,  works  it  backwards 
and  forwards  across  the  other,  by  straight  strolces 
passing  the  edge  a  little,  and  applying  no  pres- 
sure beyond  that  caused  by  its  own  weight. 
After  a  few  of  these  "  cross  strokes,"  he  shifts 
his  position  to  give  them  a  new  direction,  and, 
at  the  same  time,  turns  the  speculum  a  little,  to 
prevent,  as  far  as  possible,  any  inequality  of  the 
abrading  action.  Occasionally  he  varies  them 
by  a  few  circular  ones,  carrying  the  centre  of  the 
speculum  round  that  of  the  polisher  in  a  small 
spiral.  As  the  moisture  evaporates,  a  few  drops 
of  water  must  be  supplied  at  the  edge  (or,  in 
the  modern  process,  through  holes  in  the  polisher, 
which  is  always  the  uppermost),  just  sufficient 
to  prevent  it  from  getting  fast.  The  adhesion 
and  friction  rapidly  increase,  and  the  red  of  the 
peroxide  changes  to  bronze  colour  by  tlie  abra- 
sion of  the  metal.  At  last  all  traces  of  the 
emery  disappear,  a  fine  polish  covers  the  surface 
to  the  edge,  and  then  a  few  of  the  circular  strokes 
should  make  it  perfectly  or  nearly  parabolic.  If 
this  figure  be  passed,  it  is  scarcely  possible  to 
recover  it,  except  by  regrinding  and  repeating 
the  whole  process. — The  most  unequivocal  way 
of  examining  the  figure,  is  to  have  a  series  of 
diaphragms  and  disks  which  can  be  placed  in 
the  mouth  of  the  tube  so  as  to  divide  the  surface 
of  the  speculum  into  successive  rings ;  and,  ad- 
justing each  of  these  to  distinct  vision  of  a  close 
double  star,  to  measure  its  focal  length  by  means 
of  a  vernier  attached  to  the  focal  adjustment. 
It  is  thus  found  that  when  all  the  rings  agree, 
the  image  possesses  a  character  by  which  this 
quality  can  be  recognized  at  once.  Throwing  it 
a  little  out  of  focus,  it  swells  into  a  ring  with  a 
dark  centre  (the  shadow  of  the  small  speculum), 
and  this  is  similar  at  equal  distances  on  either 
side  of  the  focus.  If,  on  the  other  hand,  the  ring, 
with  dark  centre,  is  seen  outside  the  focus,  but 
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inside  of  it  the  centre  shows  a  plane  with  a  bright 
central  point,  the  speculum  will  prove  elliptic; 
and  if  the  reverse  be  the  case,  it  is  hj-perbolic ;  and 
a  practised  eye  finds  this  criterion  quite  sufficient 
— It  is  evident  that  all  this  manipulation  is 
tentative  and  uncertain ;  and,  equally  so,  that  all 
of  it  can  be  performed  with  precision  hy  machin- 
ery.   The  supposed  advantage  of  the  hand,  that 
of  feeling  if  anything  goes  wTong,  can  be  dis- 
pensed with  by  paying  such  attention  to  the  con- 
ditions of  the  operation  that  nothing  sImU  go 
wrong.    It  may  be  added,  that  the  hand  fails 
entirely  for  specula  above  nine  inches,  the  only 
sort,  which,  in  the  present  state  of  practical 
optics,  are  of  any  great  value.    But  it  required 
a  combination  of  no  ordinary  qualities  to  reaUzp 
these  anticipations.    The  first  who  appear  . 
have  succeeded  in  mechanical  polishing  weic 
Sir  W.  Herschel  and  his  not  less  illustrious  son ; 
but  their  process  has  never  been  described ;  and 
it  would  be  a  valuable  boon  if  the  latter  would 
give  some  record  of  the  experience  which  was 
crowned  by  such  results.  Lord  Eosse  must  there- 
fore be  considered  the  person  to  whom  is  due  the 
credit  of  having  given  the  impulse  to  this  art, 
not  only  by  directing  attention  to  it,  but  by 
himself  bringing  it  to  a  high  state  of  perfection,  in 
a  series  of  researches  combining  first-rate  prac- 
tical skill  with  extensive  theoretic  knowledge. 
That  others,  following  in  this  track,  have  been  as 
successful,  is  the  best  proof  as  well  as  the  best 
reward  of  what  he  has  accomplished. — He  and  j 
they,  however,  have  taken  different  parts  of  the 
process  just  described,  as  the  bases  of  their  s}  ■ 
terns.    Lord  Eosse  works  by  a  double  system 
cross  strokes  ;  while,  at  the  same  time,  the  speci 
lum  and  polisher  revolve  slowly,  but  with  un- 
equal velocities.    This  machine  is  shown  in  fii?.  I 
1.    The  speculum,  h  i  (under  which  are  seen  t' 
lever  supports,  that  shall  be  explained  aftt. 
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•wards),  is  carried  by  a  firm  disc  or  chuclc  which 
turns  with  its  strong  vertical  shaft  in  the  cistern 
E  F.    This  is  filled  nearly  to  the  face  of  the 
speculum  with  water  kept  at  55°,  to  insure  the 
proper  consistence  of  the  pitch,  as  much  heat  is 
evolved  by  the  friction  of  a  large  polisher,    k  l 
is  the  polisher,  which  lies  on  the  speculum,  and 
is  held  in  an  annular  expansion  of  the  polishuig 
bar  D  G,  in  which  it  fits  loosely.    The  polisher, 
of  the  same  diameter  as  the  speculum,  is  made  of 
cast  iron,  with  six  ribs  at  the  back  for  lightness  ;* 
but  as  it  is  stUl  far  too  heavy,  it  is  suspended 
(by  six  points,  to  lessen  the  chance  of  flexure), 
from  one  end  of  the  lever  n,  the  other  being 
loaded  so  as  to  reduce  the  pressure  on  the  specu- 
lum to  a  pound  for  every  circular  foot  of  surface ; 
this  lever  is  free  to  traverse  with  the  polisher. 
The  polishing  bar  receives  a  rectilinear  motion 
from  the  variable  crank  b,  combined  with  the 
joint  c,  and  the  guide  d  ;  it  also  receives  a  trans- 
verse one  from  the  crank  g,  (called  the  eccen- 
tric). These  cranks  and  the  speculum  are  driven 
by  bands  and  drums  from  the  shaft  A,  in  a 
way  which  is  obvious  on  inspection.    He  con- 
1  .siders  a  one  horse  power  sufficient  to  polish 
:  and  grind  a  three  feet  speculum.    When  this 
I  mechanism  is  acting,  the  effect  of  the  primary 
( crank  b,  corresponds  to  the  cross  stroke  of  the 
t  manual  process ;  giving  the  same  movement, 
I  and,  of  course,  the  same  polishing  action  to  each 
[point  of  the  polisher.    This  would  produce  a 
f  form  nearly  spherical,  but  the  rotation  of  the 
s  speculum  adds  to  this  a  further  action,  increas- 
iiing  from  its  centre  to  its  edge,  and  lengthening 
lithe  focus  of  the  exterior  zones  of  its  surface. 
IThis  is  the  effect  which  is  desired,  but  these  two 
a.agencies  are  not  sufficient  to  produce  enough  of 
i"it;  and  he  increases  it  by  the  eccentric,  which 
a  augments  in  any  required  degree  the  circum- 
ffcrential  action,  besides  giving  a  truer  surface. 
IThe  figure  then  depends  on  four  things,  the 
adius  of  the  primarj',  that  of  the  eccentric, 
d  the  angular  velocities  of  it  and  the  spec- 
Inm.    Lord  Rosse  has  found  it  sufficient  to 
ake  the  second  the  variable  one,  giving  the 
thers  values  established  by  a  very  wide  course 
f  experiment.    He  makes  the  primary  stroke 
ue-third  of  the  speculum's  diameter,  the  eccen- 
■ic  revolves  in  fifteen  primnry  strokes,  and  the 
peculum  in  twenty-six.    The  control  of  the 
recess  is  made  by  the  throw  of  the  eccentric, 
hich  must  be  regulated  by  circumstances,  espc- 
ally  by  the  proportion  "of  aperture  to  focal 
ngth.    In  his  large  specula,  where  this  ratio  is 
<  to  9,  it  will  in  general  be  sufficient  that  it  shall 
"ke  the  centre  of  the  polisher  move  one-fifth  of 
e  diameter.    It,  should  also  be  noted  that,  in 
Ushing  his  six  feet  speculum,  the  number  of 
okvs  per  minute  is  eight,  and  for  smaller 
inversely  aa  their  diameter.    The  polisher 

•He  has  since  mailo  the  polisher  much  llRhterhy 
onginjr  a  number  of  deep  ribs  like  the  walls  of  a 
neycomb,  and  with  (jreiitcr  Incictiscd  stlfi'iieES, 
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should  also  revolve  to  keep  its  figure  uniform  ; 
but  this  requires  no  special  mechanism,  because 
at  each  change  of  stroke  it  is  released  from  late- 
ral friction  and  is  left  free  to  be  carried  round  by 
its  adhesion  to  the  speculum :  it  thus  makes  one 
turn  for  eleven  or  twelve  of  the  other.    The  hy~ 
grometric  state  of  the  air  must  be  attended  to, 
as  when  it  is  too  dry  the  roiige  is  not  uniformly 
distributed  over  the  speculum  ;  and  in  that  case 
it  should  be  damped  by  permitting  a  jet  of  steam 
to  escape  into  the  laboratory.    The  polisher,  like 
the  grinder,  is  cut  up  into  squares  by  transverse 
grooves;  but  Lord  Rosse  found  its  action  im- 
proved by  still  further  reducing  the  surface  by  a 
set  of  circular  grooves.    In  the  six  feet  there  are 
thirty-one  of  these,  and  the  squares  are  of  2^ 
inches  on  the  side.    We  have  found  the  same 
advantage  by  making  the  rectangular  grooves 
twice  as  wide  at  their  extremities  as  at  their 
centre.    With  this  machine  a  coating  of  pitch 
alone  is  not  sufficient  to  produce  the  union  of  a 
high  polish  and  perfect  figure.    It  gives  the  first, 
and  to  a  certain  extent  the  other :  the  general 
form  is  correct,  but  there  are  irregularities  which 
spoil  the  definition.    The  pitch  must,  therefore, 
be  covered  with  a  layer  of  harder  composition 
(rosin  fused  with  an  eighth  of  dry  flour  to  toughen 
it,  and  oil  of  turpentine  added  till  at  55°  it  barely 
yields  to  the  pressure  of  the  nail).    It  seems  as 
if  the  reversing  of  the  motion  at  every  stroke  en- 
ables the  abrading  material  to  bite  too  sharply  on 
any  parts  of  inferior  hardness,  when  bedded  in 
the  soft  pitch,  while  the  harder  coat  will  not  ac- 
commodate itself  to  such  irregularities.  Witli- 
out  the  softer  stratum  below,  however,  it  wU  not 
give  a  true  figure.    Lord  Rosse  rolls  the  pitch  to 
a  sheet  of  the  proper  thickness,  by  a  roller  with 
guides  at  its  ends,  and  under  tepid  water.  The 
hard  composition  reduced  to  powder  is  sifted  over 
this,  and  fused  by  a  hot  iron  held  over  it.  The 
sheet  is  cut,  under  water  as  before,  into  pieces  of 
the  requisite  size,  and  these  are  separately  at- 
tached to  the  projecting  parts  of  the  polisher 
slightly  heated.    In  fine,  to  insure  the  liigliest 
polish  with  this  hard  surface,  it  is  found  useful 
to  moisten  the  speculum  towards  the  end  of  ihe 
process,  not  with  pure  water,  but  with  a  solution 
of  soap  in  strong  water  of  ammonia.    'I'he  po- 
lishing a  six  feet  requires  five  hours.  These 
details  may  seem  too  minute,  but  on  such  depends 
the  difference  between  success  and  fiiilure.  If 
attended  to  with  care,  they  will  bo  found  to  give 
very  satisfactory  results.    The  process  has  been 
proved  tlirough  a  very  wide  range  of  size,  from 
specula  of  six  feet  to  those  of  two  iiiciies ;  and 
witli  a  very  groat  ratio  of  aperture  to  focus,  for 
example,  that  of  his  equatorial,  eighteen  inches 
aperture  and  ten  feet  focus,  and  one  of  ten  inches 
and  five  feet,  both  very  good.    The  machine  is 
also  simpler  and  less  expensive  than  those  which 
we  proceed  to  describe — A  few  years  later,  Mr. 
Lassell,  also  an  amateur  optician,  who  had 'con- 
structed for  himself  one  of  the  finest  nmc  inch 
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Newtonians  ever  made,  was  induced  by  Lord 
Kosse's  success  to  undertake  one  of  two  feet. 
The  path  which  he  followed  is  in  most  respects 
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his  own ;  he  takes  the  second  part  of  the  old  pro- 
cess, and  relies  entirely  on  circular  strokes.  His 
machine  will  be  easily  understood  by  a  reference 


Fig.  2. 


to  fiR.  2.    It  hns  two  vertical  shafts  in  the  same  I  driven  by  its  screw.    The  ^""-'''^f  «™  «^ 
-wheel  of  seventy-seven  I  nected  by  a  band,  and  the  din  ing  po«er  is 


line,  each  bearing;  a  wonn- 


flp- 
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plied  to  the  upper  one.,   The  lower  vertical  shaft 
tarries,  as  in  Lord  Rosse's,  a  cistern  (not  shown 
ill  this  figure),  in  which  the  speculum  rests  on 
its  lever  supports  and  revolves  slowly.  The 
upper  shaft,  passing  throvgh  a  fixed  loheel  of 
scventj'-two,  carries  at  its  lower  extremity  the 
crank  s,  and  in  doing  so,  gives  rotation  to  the 
wheel  which  is  seen  below  it,  also  of  seventy-two, 
by  means  of  the  pinion  of  sixteen,  which  gears  in 
the  fixed  wheel.    There  is  in  s  a  circular  dove- 
tail, concentric  with  the  arbor  of  the  pinion  and 
^vheel,  m  which  there  can  be  fixed,  at  any  mode 
rate  distance  from  the  axis  of  the  shaft,  a  slid 
ing  piece,  on  which  turns  the  second  crank  q,  by 
means  of  a  second  pinion,  also  of  sixteen,  seen 
between  it  and  s.    In  this,  there  is  also  another 
dove- tail,  but  a  straight  one,  in  which  slides 
another  piece  carrj'ing  the  pin  which  drives  the 
polisher.    This  elegant  mechanism,  analogous  to 
the  geometrical  pen  of  Suardi,  makes  the  pin, 
and  of  course  the  polisher,  describe  hypocj  cloidal 
curves,  the  radius  of  whose  base  is  that  of  the 
crank  s,  and  of  their  describing  circle  that  of  q  : 
the  precise  form  of  them  depending  on  the  pro- 
portions of  these  radii  and  the  relation  of  their 
angular  velocities.    The  actual  lengths  are  much 
less  than  in  Lord  Rosse's  machine;  s  being  for 
a  two  feet  speculum     7  and  q  1'  4,  these  two 
quantities  being  the  variables,  and  q  making 
about  thirty-four  revolutions  in  a  minute.  In 
this  arrangement  it  is  difficult  to  counterpoise  the 
polisher,  it  is  therefore  made  of  deal  for  lightness ; 
and  to  prevent  it  from  warping,  it  is  in  two 
pieces,  glued  and  screwed  with  their  grains  at 
riicht  angles.    It  is  about  two  inches  thick,  and 
only  0-85  of  the  speculum's  diameter  ;  not  itself 
prwved,  but  v/hen  covered  with  pitch,  this  is 
ilivided  into  squares  of  an  inch  hja.  suitable  tool. 
It  appears  that  ordinary  pitch  alone  is  used, 
■which  is  a  great  advantage ;  on  the  other  hand 
iUewooden  polisherseems  objectionable, both  from 
the  difficulty  of  making  it  exactly  tit  the  specu- 
lum in  the  first  instance,  and  the  likelihood  of  its 
-hape  changing  after  a  time,  both  which  make 
hiubtful  that  uniformity  of  thickness  of  the  pitch, 
ivhich  is  believed  to  be  very  important.*  This, 
however,  cannot  weigh  against  the  fact  that  the 
process  has  produced  admirable  two  feet  specula ; 
is  shown  by  Mr.  Lassell's  discovery  of  an 
.hth  satellite  of  Saturn,  one  of  Neptune,  and 
inany  other  splendid  proofs  of  their  sharp  defini- 
'lon.    When  applied  to  larger  specula,  it  may 
(lossibly  require  some  modification,  at  least  we 
"  lieve  that  Lord  Rosse  has  not  found  it  to  give 
good  results  as  his  own  process.    One  reason 
this  .seems  probable;  the  application  of  the 
"'iving  force  (whicli  on  such  a  scale  is  very  con- 
li:rable)  at  the  centre  of  the  polisher,  where  it 
much  more  likely  to  distort  the  figure  of  this 

*  The  ETcater  inertia  of  tlie  metal  polisher  must  make 
»  action  ditler  from  tliiit  of  tlie  wooden  one,  even 
""iiBli  it  be  couuterpolseil  to  oxen  only  un  cquul  prcs- 
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tool,  than  when  applied  round  its  circumference 
by  the  ring  of  the  polishing  bar.— Mr.  Lassell 
subsequently  suspected  a  tendency  to  polish  in 
rings ;  to  remove  which  he  mtroduced  a  small  rec- 
tilinearmotion;  which  isdone  still  more  effectually 
by  Mr.  Warren  Delarue,  who  has  made  very  fine 
specula  of  thirteen  mches.    His  machine  is  of  the 
same  character  as  Mr.  Lassell's,  with  a  provision 
for  insuring  a  given  rotation  to  the  polisher. 
This  appears  necessary  to  uniform  action,  but 
seems  not  to  be  as  certainly  obtained  as  m  Lord 
Rosse's.— It  will  be  observed  that  the  motion  of 
the  crank  s  is  concentric  with  that  of  the  specu- 
lum, and,  therefore,  useless  except  as  a  means  of 
driving  Q.    If  the  centre  of  the  crank  q  were 
fixed  at  a  distance  from  that  of  the  speculum  = 
radius  of  s,  and  the  angular  velocity  of  the  spec- 
ulum made  =  the  relative  velocity  of  it  and  s  in 
Mr.  Lassell's,  and  in  the  opposite  direction,  it  is 
manifest  that  precisely  the  same  curve  must  be 
described  by  the  polisher.    This  was  at  once  per- 
ceived and  acted  on  by  Mr.  Grubb  of  Dublin,  a 
distinguished  mechanifian  and  optician  ;  and  his 
machine  appears  to  deserve  the  preference,  not 
merely  on  this  account,  but  for  the  wider  range 
of  its  powers,*  which  comprise  those  of  the  other 
two.    Fig.  3  (taken  from  a  photograph)  will 
give  a  sufficient  explanation  of  it.    The  bed-plate 
or  base  a  supports 

1.  The  worm-shaft  f,  which  drives 

2.  The  worm-wheel  b :  this  is  bolted  to  the 
spur-wheel  c,  both  of  ninety.  They  turn  on  the 
stud  ff,  and  are  formed  with  a  circular  flange 
near  theu-  periphery,  the  lower  surface  of  which 
bears  on  a  trued  part  of  A,  and  the  upper  gives  a 
firm  support  to  the  speculum  and  its  cistern 
(which  are  not  shown  in  the  figure).  The  wheel 
c  drives  another  of  fifty-two,  not  seen,  but  at- 
tached to  the  lower  surface  of 

3.  The  cam  d ;  in  the  groove  of  this  is  en- 
gaged a  pin,  fixed  in  the  lower  surface  of 

_  4.  The  cam-lever  e,  which  is  thus  made  to 
vibrate  as  the  cam  revolves ;  the  lever  has  a 
series  of  holes,  to  any  of  which  can  be  attached 
one  end  of  a  link  whose  other  end  is  connected 
with 

6.  The  upper  or  sliding-plate  b,  which  tlius 
by  the  rotation  of  the  cam  is  made  to  vibrate 
to  and  fro,  according  to  any  required  law  :  the 
actual  law  is  one  of  uniform  motion. — The  plaie 
B  carries  a  strong  spindle  h,  on  Avhich  vibrates  the 
arm  i.  This  arm  can  be,  at  pleasure,  either  held 
in  position  by  the  connecting  link  k,  or  made  to 
vibrate  by  the  revolution  of  the  variable  crank  I, 

Mr.  Grubl)  lias  since  conti'ivctl  another  machine  of 
remarkiiliie  simi)llcity,  wliicli  seems  to  possess  tliu 
powers  of  all  tlioso  desorilied  in  tlio  text,  willi  sonio 
peculiar  to  it.  It  Is  not  described  here,  because  It  h'i« 
not  yet  been  tried  on  sjiecuia.  Its  clilef  lieiformnnct. 
aa  yot  lias  lieen  tlio  lenses  of  an  obJoct-L'lass  of  twclvn 
inclics  aperture,  wlilcli  it  haswrouRht  with  sinirul  ir 
aciiity  varylnK  the  curves  at  pleasure,  by  chaiur  m 
tlic  adjustments,  so  as  to  make  sllglit  cliaiiuu  of  H  o 
corrections.  ■  '^^ 
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•which  is  driven  by  a  shaft  at  the  back  of  the 
slide-plate  b.  The  arm  carries  a  variable  crank 
TO,  which  can  be  driven  either  quickly,  by  the 
shaft  and  pulley  n,  or  slowly  by  the  womi- 
wlieel  o.  The  pin  of  m,  as  in  Mr  Lassell's, 
drives  the  polisher. — If  it  be  required  to  give 


SPE 

Lord  Rosse's  action ;  the  crank  m  being  fixed 
and  its  pin  set  central,  the  crank  I  is  set  in 
motion  :  this  gives  the  primary  stroke,  and  the 
reciprocation  of  the  slide-plate  b  gives  that  of  the 
eccentric.  If  the  worm-wheel  o  be  made  to  act 
at  the  same  time,  a  light  lever  attached  to  m  will 


Fig.  3. 


ca^r^'■  round,  with  a  slow  motion,  the  polisher  by 
a  stud  projecting  at  its  circumference.— If  it  be 
wished  to  have  Mr.  Lassell's  motion,  the  crank  I 
is  stopped  and  it  is  fixed  in  such  a  position  that 
the  pin  of  m  shall  be  at  the  required  distance  (  = 
radius  of  s)  from  the  centre  of  the  speculum,  the 
arm  i  being  held  firm  by  the  link ;  the  pin  of  m 
is  next  set  to  the  distance  which  =  radius  of  Q, 
and  it  is  driven  by  n.  In  this  case,_  however, 
there  is  no  provision  to  secure  the  rotation  of  the 
polisher.  •    The  eccentricity  can  also  bo  given 

•  It  i3  worthy  of  notice  that  Lord  Rosse's  raacliine  be- 
comes capable  of  the  same  action  (or  very  nearly  so)  by 


by  means  of  b  ;  and  as  it  can  be  made  to  vibratai 
slowly  on  each  side  of  this  to  any  required 
tent,  the  effect  of  Mr.  Lassell's  last  iniproveme-" 

a  very  trifling  alteration.  Were  the  primarj-  crank  «f 
o  flfi.  1,  and  tlie  eccentric  at  u  (in  wliich  case  tlie  nn^ 
n  c  and  guide  d  would  be  transferred  to  the  right  of  o, 
the  former  being  below  the  bar).  Tlien  removing  tno 
guide  and  link  and  engaging  the  cranli-pin  in  a  hf  lc 
the  polishing  bars;  the  centre  of  the  polisher  will  ao- 
scribe  an  approximate  ellipse,  whoso  major  axis  =  vm 

throw  of  the  crank,  and  its  minor  ■=  that  x  — " 

being  the  distance  between  the  centres  of  the  t«-o 
cranks,  and  b  that  from  the  centre  of  o  to  that  of  t"' 
fpcculum.   In  the  llgure  this  ratio  Is  five  to  seven,  ana 
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is  tfiven  m  perfection. — Mr.  Grubb  decidedly 
prefers  the  Rossean  action  for  grinding,,  but  thinks 
the  other  less  likely  to  fail  in  the  polishing  with 
unpractised  hands,  and  uses  it  himself.  He  be- 
gins with  a  large  eccentricity  and  gradually  di- 
minishes it,  which  can  be  done  without  stopping 
the  machine.  His  polisher  is  also  of  wood,  but 
madewith  peculiar  care.  It  is  formed  bysix  layers 
of  mahogany,  each  j%  of  an  inch  thick,  and  not 
continuous,  but  built  up  of  pieces  three  inches 
square.  These  are  only  glued  where  they  cross, 
being,  at  least  in  the  interior,  not  in  close  contact 
at  their  edges,  and  the  direction  of  their  grain 
varied  as  much  as  possible.  The  disc  when 
turned  true,  is  plugged  at  the  edges,  varnished, 
and  coated  with  tin  foil,  at  the  edge  and  back.  It 
is  the  same  diameter  as  the  speculum.  He  uses 
pitch  alone;  rolls  it  like  Lord  Eosse,  cuts  it  into 
squares  of  f  inch,  and  attaches  them  to  the  sur- 
face, warming  it  by  a  spirit  lamp. — This  machine 
measures  about  three  feet  every  way,  and  can 
Avork  a  two  feet  speculum ;  but  the  largest  on 
which  it  has  been  tried  is  the  Newtonian  of  the 
Glasgow  Observatory,  twenty  inches  aperture 
and  fifteen  feet  focus. — Its  arrangements  seem 
particularly  adapted  to  the  figuring  a  speculum 
for  the  Herschelian  telescope,  respecting  which  a 
few  remarks  must  be  premised.  In  the  other 
three  forms  of  the  reflecting  telescope,  the  light 
suffers  two  reflections  instead  of  one ;  and  there- 
fore the  image  with  a  given  great  speculum  will 
be  brighter  than  theirs  inversely  as  the  per  cent- 
age  of  reflection.  This  per  centage  was  found  to 
be  0-647,  by  careful  experiments  ^vi^h  a  plane 
speculum  of  Lord  Rosse's  metal,  which  has  been 
2^  years  in  use,  and  therefore  may  fairly  be  as- 
sumed to  represent  the  ordinary  working  condi- 
tion of  a  telescope.  Hence,  the  Herschelian  will 
be  as  effective  as  the  others  in  point  of  illumina- 
tion, when  its  aperture  is  to  theirs  as  four  to  five : 
and  a  still  greater  advantage  than  mere  economy 
and  convenience  follows  from  this  reduction  of 
bulk  in  the  diminished  effect  of  atmospheric  dis- 
turbance. Besides  the  influence  of  this  on  all 
telescopes,  reflectors  are  specially  affected  by  the 
current  caused  in  their  tubes,  by  the  difference 
between  the  temperatures  of  the  air  and  the 
speculum  which  almost  always  exist.  This  dis- 
turbance will  be  as  the  mass  of  air  traversed 
by  the  light  and  as  the  cube  of  the  diameter.* 

It  might  come  nearer  to  equality  by  making  the  cis- 
tern smaller,  and  o  as  close  to  it  as  possible.  The 
Betion  of  the  eccentric  is  not  interfered  with,  thecoim- 
teri)oi3in<f  remains  unchanKed,  and  the  movlnjj  force 
acts  as  before,  at  the  circumference  Instead  of  the 
Centre.  Tlie  eccentricity  must  bo  given  cither  by 
Bhortcning  the  shank  of  the  bar,  or  in  some  forms  of 
tills  machine  more  conveniently  by  shifting  the  eccen- 
tric laterally. 

*  A  large  reflector  will  sometimes  define  mai-vcl- 
lously  for  a  few  minutes  after  the  dew  (which  is  apt  to 
cover  the  speculum  when  opened  too  eaily  In  the 
evening)  has  dried  off :  but  as  tlie  night  grows  colder, 
while  the  large  muss  of  metal  retains  its  lieat  for  a  long 
time,  it  loses  all  detlning  power,  though  it  will  still 
perform  well  witli  a  reduced  aperture,  and  this  witlwiit 
uiii/  diaiigt  o/Jigure.  Thisovii  would  be  jjieatly  lessened, 
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It  is  therefore  of  the  utmost  importance  to  keep 
this  diameter  as  low  as  possible.    Lord  Rosse 
has,  by  a  very  ingenious  proceos,  made  the  plane 
speculum  of  pure  silver,  whose  reflective  power 
is  no  less  than  0'93 ;  but  the  metal  tarnishes  sc 
rapidly,  that  such  specula  can  only  be  used  on 
special  occasions,  for  they  can  scarcely  be  re- 
polished.  Mr.  Lassell  has  substituted  for  this  spec- 
ulum a  glass  pi-ism  of  forty-five  degrees,  as  origi- 
nally proposed  by  Newton  ;  but  the  gain  is  not 
considerable:  the  reflection  is  indeed  total,  but 
much  light  is  lost  by  the  first  surface  and  by 
absorption  in  its  substance.    One  of  very  clear 
glass  made  for  this  purpose  was  found  to  give 
0-746,  the  length  of  its  sides  is  1-125,  it  is  of 
English  plate  and  certainly  much  clearer  than 
Munich  flint :  the  absorption  will  of  course  in- 
crease with  the  size  of  the  prism.    It  is  there- 
fore an  important  matter  to  perfect  the  Hersche- 
lian. But  here  as  the  reflection  is  oblique,  there  is 
no  definite  (ocal  point,  even  with  a  speculum  whose 
direct  action  is  perfect ;  there  are  only  two  ill- 
conditioned  focal  lines  at  right  angles  and  not  in 
the  same  plane.    To  act  properly  it  should  be  a 
circular  segment  cut  out  of  a  paraboloid  with  the 
vertex  at  its  edge ;  and  a  rude  mode  of  conceiv- 
ing and  perhaps  executing  it  is  this:  let  three 
specula  be  an-anged  on  the  machine  in  contact 
round  its  centre,  and  let  them  be  polished  at  once 
by  a  polisher  of  double  their  diameter,  as  if  they 
were  in  one  large  one,  then  supposing  that  per- 
fect, each  of  them  would  have  its  focus  in  the 
general  axis.    Now,  if  the  properties  of  such  a 
disc  be  investigated,  it  will  be  found  that  the 
change  of  curvature  across  any  diameter  is  as 
the  cosine  of  the  angle  which  it  makes  with  what 
may  be  called  the  speculum's  "  line  of  dip."  It 
therefore  is  probable  that  as  the  curvature  is 
changed  by  varying  the  eccentricities ;  if  this 
were  altered  according  to  a  law  whose  period  is 
that  of  the  rotation  of  the  speculum,  at  least  an 
approximation  to  the  true  figure  would  be  ob- 
tained.   Mr.  Grubb  proposes  to  do  this  very 
simply,  by  making  the  cam-wheel  of  the  same 
number  as  the  wlieel  c,  and  if  the  present  cam 
were  found  not  to  be  of  the  proper  form,  by  sub- 
stituting one  of  a  shape  which  would  be  indi- 
cated by  the  result.    A  few  trials  would  show 
what  that  should  be.    This  seems  quite  feasible : 
and  it  is  to  be  wished  that  some  person  wouJd 
work  the  problem  out,  for  assuredly  it  is  by  sucii 
means  that  tlic  remotest  limits  of  telescopic  vision 
will  be  reached.     Lord  Kosse  appears  to  Imve 
thought  on  the  subject  and  tried  some  experi- 
ments, but  he  has  probably  been  diverted  from 
it  by  the  wondrous  results  of  his  great  telescope. 
It  should,  however,  be  remembered  that  unless 
considerable  deliiiing  power  can  be  obtained 
along  with  a  focal  ratio  not  much  larger  than 
tliat  of  his  specula,  this  construction  loses  much 

If  not  removed,  by  Sir  ,1.  HcrsohcVs  device  (Cape  Oh. 
vrvaUons),  of  au  open  lianie-work  of  iron  instcaU  of  u 
tube. 
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of  its  value. — The  small  specula  arc  best  figured 
in  the  same  way  as  the  great,  even  the  plane  of 
the  Newtonian,  except  that  its  polisher  must  be 
larger  than  the  metal:  it  must  be  examined 
during  the  process,  viewing  some  distant  object 
by  leflection  in  it,  and  then  direct,  with  a  good 
achromatic.  Thus  any  curvature  can  be 
detected,  which  must  be  corrected  b}-  properly 
altering  the  adjustments  of  the  machine.  With 
respect  to  those  of  the  Gregorian  or  Cassegrain,  it 
is  still  more  important  that  they  should  be 
polished  by  the  machine,  as  their  figure  must  be 
carefully  adjusted  to  that  of  the  great  one,  which 
they  may  even  compensate  if  it  be  slightly  de- 
fective. 

(4.)  SuppoETS. — Whatever  perfection  the 
large  speculum  may  possess,  is  all  in  vain  unless 
it  be  properly  supported  ;  and  more  diiiiculty  is 
felt  in  doing  this  rightl3-  than  perhaps  any  other 
part  of  its  history.  To  manyit  will  seem  incredible 
that  a  disc  of  this  hard  and  rigid  material,  four 
or  six  inches  thick,  can  bend  except  under  some 
great  force  purposely  applied ;  while  the  fact  is 
that  it  requires  the  most  refined  mechanical  con- 
trivance to  prevent  injurious  flexure  from  its 
own  weight.  Even  a  nine-inch  one,  if  resting 
on  a  ring  at  its  circumference,  on  three  screws, 
or  according  to  the  old  plan,  pressed  by  springs 
against  three  stops  bearing  on  its  edges,  loses  its 
defining  power.  The  system  of  support  must  be 
twofold ;  for  the  back  and  for  the  edge. — Where 
it  can  be  applied,  the  simplest  and  best  is  Sir 
John  Herscbel's :  he  lays  the  speculum  on  a  bed 
composed  of  several  folds  of  woollen  cloth,*  and 
l)revents  it  from  lateral  motion  by  packings  of 
the  same  material  placed  between  its  edge  and 
the  side  of  its  box.  Of  course  the  play  which 
its  elasticity  permits  will  alter  the  adjustment  of 
the  telescope  at  different  altitudes;  but  he  corrects 
these  by  means  of  a  small  collimator  fixed  in  the 
inside  of  the  telescope's  tube,  with  its  optic  axes 
parallel  to  the  line  of  adjustment.  If  its  cross  of 
wires  is  seen  to  depart  from  that  of  the  telescope, 
they  can  be  made  to  coincide  in  a  few  seconds  by  the 
adjusting  screws  which  acton  the  speculum-box. 
The  objection  to  it  is,  that  it  occasionally  must 
require  re-arrangement ;  and  that  it  would  not 
bear  to  be  immersed  in  water  during  the  polish- 
ing :  it  is  therelbre  unsuited  to  very  large  spec  - 
nla,  which,  when  once  figured,  sliould  mver  be 
vuiii'.dfrom  their  supports.  Perhaps  a  three  feet 
niigiit  not  suffer  from  this,  but  a  six  feet  most 
as.-iurcdly  would  be  si)oiled  if  lifted,  however 
carefully.  For  such,  tlicrpfore,  the  system  of 
efjuilibrated  bearings  is  used,  which  was  invented 
man}-  years  ago  by  Mr.  Grubb,  and  more  fully 
rieveiipcd  by  Lord  Kosse.  As  applied  to  the  three 
feet  it  may  be  tima  described  :  suppose  the  specu- 
lum divided  into  eighteen  equal  portions  by  con- 
centric circles  and  radii,  whose  centres  of  gravity 
rest  on  circular  discs  covered  with  felt,  each  pair 

*  ViiIcMnlzerl  cnoutoliDUc  would  lie  proferiible,  but 
that  tlie  sulphur  lu  it  viotiid  turulsh  the  spuculutu. 


of  which  are  at  the  ends  of  a  lever :  each  of  these 
levers  turns  at  its  centre  on  a  strong  pin,  at  the 
angle  of  a  triangle,  whose  centre  of  gravity  bears 
by  a  hemispherical  cup  on  the  rounded  end  of  a 
screw  tapped  in  the  bottom  of  the  strong  box 
which  holds  the  speculum,  and  serving  to  adjust 
it.  Thus  each  of  the  eighteen  points  of  bearing 
is  equally  pressed,  and  if  the  speculum  have  a 
proper  thickness,  the  weight  of  the  portion  be- 
tween any  two  is  not  sufl5cient  to  bend  it.  It  is 
however  obvious  that  the  number  of  points  should 
increase  with  the  diameter.  Mr.  Grubb  found 
that  six  were  sufficient  for  the  nine  inch ;  twel\-e 
were  used  in  a  fifteen  inch  Cassegrain,  which  he 
constructed  for  the  Armagh  Observatory  in  1835, 
but  it  showed  traces  of  flexure  which  disappeared 
with  eighteen.  Lord  Rosse,  therefore,  carried 
the  principle  still  further  for  the  six  feet;  the 
three  primary  triangles  carry,  bj"^  spherical  bear- 
ings at  their  angles,  nine  secondarj',  which  simi- 
larly carry  twenty- seven  pieces  of  cast  iron, 
shaped  like  the  outlines  of  the  imaginary  seg- 
ments of  the  speculum,  and  made  extremely  stifi" 
by  cross  bracing.  In  everj'  case  this  apparatus 
should  be  massive  to  avoid  tremors — Nothing 
can  be  better  than  these  arrangements  as  long  as 
the  speculum  is  nearly  horizontal ;  but  new  forces 
come  into  play  when  the  telescope  is  lowered. 
(1.)  The  speculum  tends  to  slide  down  the  in- 
clined plane  on  which  it  rests :  this  develops 
friction,  probably  about  the  sixth  of  its  weight, 
which  tends  to  distort  it :  this  tendency  must  be 
prevented  by  some  lateral  support.  (2.)  Its 
pressure  on  this  tends  to  change  its  curvature 
unequally  in  its  different  diameters.  (3.)  The 
pressure  on  the  back  supports  is  lessened ;  they, 
therefore,  spring  up  and  press  the  speculum  for- 
ward in  the  direction  of  its  axis.  It  however  is 
held  back  by  the  friction  of  its  edge  agamst  the 
lateral  supports  below;  this  partly  produces  a 
severe  transverse  strain  there,  partly  gives  a  ful- 
crum round  which  the  speculum  is  tilted.  In 
consequence  of  this  the  upper  back  supports  arc 
released  more  than  the  lower,  and  therefore  press 
less. — Mr.  Grubb  supported  his  specula  (almost 
all  which  were  for  equatorials)  in  a  metal  hoop 
sufficiently  flexible  to  distribute  the  pressure  round 
tlie  lower  semi-circle,  and  supjiorted  by  three  or 
f  .tu-  equidistant  screws,  passing  through  holes  in 
the  speculum-box  which  have  play  enough  for 
the  springing  of  the  back  supports.  The  elas- 
ticity of  the  hoop  is  sufficient  to  leave  the  lo\vc'r 
sci-ews  slack  while  the  ujjper  bear  the  load,  what- 
ever be  the  position  of  the  telescope.  If  this  ho 
cquatorially  mounted  (as  should  be  the  case  wher- 
ever practicable),  it  seems  possible  to  make  this 
arrangement  perfect:  the  speculum  must  be  coun- 
terpoised by  weights  at  the  upper  end  of  the 
tube.  Now,  if  these  weights  were  apjilied  at 
the  ends  of  levers  attached  with  spherical  bear- 
ings to  the  cradle  which  bears  the  tube,  so  th.it 
they  would  always  act  vertically  (as  was  dniie 
bv  Fraucnhofer  in  the  Uorpat  achromatic,  Trutis, 
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R  Astr.  Soc,  vol.  i.),  and  the  other  ends  were 
connected  with  the  hoop,  all  lateral  pressure 
could  be  entirely  removed.    Even  then,  however, 
there  might  be  some  of  (1.).  remaining  caused  by 
the  weight  of  the  back  levers  ;  in  Lord  Eosse's 
six  feet,  they,  with  the  strong  frame  which  bears 
them,  weigh  at  least  four  tons,  and  such  a  drag 
beliind  the  speculum  must  do  mischief.    He  has 
however  latterly  obviated  the  entire  of  (1)  by 
interposing  three  small  balls  of  bronze  between 
one  of  his  six  feet  specula  and  each  of  the  bear- 
ing pieces  of  the  levers,  so  that  the  speculum 
rests  now  on  eighty-one  points  of  bearing.  This 
part  therefore  is  completely  effective,  and  the 
use  of  the  balls  permitted  him  to  give  the 
lateral  support  by  a  suspendsd  ring.  Origi- 
nally it  was  not  so  satisfactory,  being  two  curved 
pieces,  each  bearing  at  two  points  and  sup- 
ported at  their  centres  by  strong  uprights.  Pro- 
bably balls  or  rollers  a'pplied  here  also  would 
remedy  the  most  injurious  part  of  (3).  Mr 
Lassell's  lateral  arrangement  appears  excellent. 
For  back  supports  he  uses  the  svstem  alreadv 
described,  with  eighteen  bearings";  but,  besides 
these,  he  has  another  set  of  levers,  whose  fulcra 
are  in  the  back-plate  of  the  speculum  box,  and 
their  short  arms  act  in  holes  made  in  pieces  of 
metal  cemented  on  the  back  of  the  speculum  ;  to 
their  longer  arms  are  fi.Ked  weights,  such  that'the 
pressure  of  the  speculum  on  its  hoop  is  almost 
(not  entirely,  that  it  may  be  steady)  taken  off. 
Thus  all  edge-strain  is  removed ;  but  his  an-ange- 
ment  of  the  levers  requires  that  the  same  diameter 
of  the  speculum  shall  always  be  vertical.  There 
seems  no  difficulty  in  removing  this  restriction, 
and  at  the  same  time  simplifving  the  arrangement 
Let  the  fulcrum  of  each  of  these  levers  be  a  sphere 
turned  on  it,  and  working  in  a  spherical  cup 
^  hollowed  m  one  of  the  bearing  discs  of  the  back 
i  levers;  let  its  point  be  also  spherical,  and  re- 
•  eeived  m  a  spherical  cup  cemented  to  the  specu- 
I  Inm,  the  distance  between  the  centres  of  these 
I  that  IS  the  short  arm  of  the  lever,  being  as  small 
1  as  possible,  and  a  system  of  complete  equilibrium 
1  would  be  attained.  It  must,  however,  not  be  for- 
f  gotten,  that  thus  a  stress  (equal  nearly  to  the 
» whole  weight  of  the  speculum  when  the  telescope 
low)  IS  applied  in  the  plane  of  its  back,  which 
6  tends  to  produce  the  strain  (1).  The  lateral  levers 
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the  circumference,  and  in  a  plane  passing  through 

Idone  by  means  of  segments  of  Lord  Rosse's  brass 
{(possessing  the  expansion  of  speculum  metal) 
^losely  fitted  and  cemented  all  round  it  by  ma- 
rine glue  m  solution,  or  some  other  strong  cement, 
•ihis  part  alone  seems  yet  imperfect;  but,  as  has 
Wjeen  mdicated,  the  difficulties  wiiich  remain  pre- 
"sent  nothing  insuperable.  It  is  to  be  hoped,  Uiat 
others  besides  those  who  have  laboured  on  the 
subject  with  such  splendid  results,  will  turn  their 
iiattention  to  it;  for  there  is  a  boundless  harvest 
Of  discoveries  to  bo  yet  reaped,  even  in  this  lieini- 


sphere  of  the  sky.    It  can  onlv  be  thoroughly 
explored  by  large  reflectors,  for  though  the  achro- 
matic possesses  great  advantages  in  some  respects, 
yet  It  falls  short  in  others.  In  illumi  mating  power 
especially,  we  have  no  sufficient  data  to  compare 
them  exactly;  but  it  has  been  ascertained  bv 
Araici,  that  for  small  apertures,  the  achromatic 
and  Newtonian  show  objects  equally  bright  when 
these  apertures  are  as  3  and  4.    For  larger,  the 
co-efficient  of  the  achromatic  must  decrease  on 
account  of  the  increased  thickness  of  the  glass 
and  the  consequent  greater  absorption.  From  the 
measure  already  given  for  the  r.flecting  prism, 
we  may  infer,  that  if  it  were  one  inch  and  an 
eighth  mean  thichiess,  it  would  only  transmit 
three-fourths  of  the  incident  light.    It  is  there- 
fore nearly  certain,  that  there  is  not  in  the  worid 
an  achronametic  which,  if  placed  beside  Mr 
Lassell  s  telescope,  on  a  good  night,  would  equal 
It  on  faint  objects.    As  to  matching  a  six  feet 
especially  if  made  Herschelian,  that  is  out  of  the 
question.    Besides,  could  discs  of  glass  be  pro- 
cured of  sufficient  size  ?  Thev  would  be  liable  to 
bend  and  have  double  refraction  from  pressure 
as  they  could  only  be  supported  at  the  circum- 
ference ;  and  the  cost  of  such  object-glasses  would 
be  enormous.    Nor  could  thev  be  executed  with 
any  chance  of  success  by  amateurs.    It  is  there- 
fore to  be  hoped  that  the  Reflecung  Telescope, 
Untish  by  invention,  by  all  its  subsequent  im- 
provements, and  by  its  most  glorious  applications, 
will  continue  to  attract  the  attention  of  our  coun- 
trymen, so  that  they  may  keep  their  present  lead 
both  in  making  and  using  it— A  list  is  subjoined 
ot  the  most  important  memoirs  in  which  the  sub- 
ject of  this  article  is  treated. 

1.  N'ewton:  Phil.  Trans.,  1672.  The  descrip- 
tion of  his  telescope:  it  is  wonderful  howthorouHil^ 
he  seems  to  have  mastered  the  details  of  the  whole 
process.— 2.  Molyneux :  Smith's  Optics,  vol.  ii., 
p.  301.  Minute  details  of  Hadley's  process,  as 
improved  by  him  and  the  celebrated  Bradley.  In 
the  same  volume,  p.  298,  is  described  Huyghen'a 
machine  for  polishing  lenses.— 3.  Mudge  :  Phil 
Trans.,  1777,  p.  296.    A  valuable  paper,  points 

out  the  necessity  of  remelting  the  metal.  4. 

Edwards'  Nautical  Almanac,  1787.    This  is 
very  scarce,  but  its  substance  is  given  in  Rees' 
Cyclopmdia,  article  Speculum.    He  polishes  by 
cross  strokes,  but  uses  an  elliptic  polisher.  Also 
ofgreatvaluo.— fi.SirW.Herschel:  Phil.  Trans 
1795.    Description  of  his  forty  feet  telescope 
Something  more  of  his  modes  of  casting  specul  i 
is  given  in  Rees'  Cyclopaedia,  article  Telescope 
m  a  letter  from  Smeuton  :  he  occasionally  men- 
tions "machine- polished  specula  "_6.  Little- 
Trans.  R.  Irish  Academy,  vol.  x.,  1805.  AVorth 
reading     He  cut  a  series  of  circular  grooves  in 
he  pitdiof  hispolisher.-7.  Cecil:  T,L  S,Z 
bridge  P  ul.  Soc  1822.  A  machine  for  polish  1 
spliorical  specula.    Ho  proposes  to  make  tl  e"u 
parabohc,  by  cutting  out  four  curved  sectors  f  o  n 
the  poluher's  pUch.-8.  Lord  Rossc:  A'c/i,":;? 
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Jmimal,  vol.  ix.,  1828.   Account  of  a  speculum 
of  three  spherical  zones,  whose  centres  are  sepa 
rated,  so  that  tlieir  foci  coincide.    In  the  same 
volume  he  describes  his  present  machine,  but  is 
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still  uncertain  whether  it  may  give  the  parabolic 
ligure.  In  vol.  li.  of  the  new  series  of  the  same 
Journal,  1829,  he  has  satisfied  himself  of  this, 
and  describes  his  speculum  of  plates,  of  the  metal 
soldered  on  a  back  of  a  peculiar  brass. — 9.  Potter 
vol.  iv.  of  the  same  Journal,  1831.  Casts  small 
specula  on  a  cold  sm-face  of  polished  steel,  pre- 
pares rouge  by  precipitating  sulphate  of  iron  with 
ammonia  and  cautious  ignition. — 10.  Sir  John 
Herschel :  Introduction  to  Cape  Observations. 

Some  incidental  details  of  great  value  11.  Lord 

Rosse:  Phil.  Trans.,  1840.  Details  of  the  present 
process  which  he  uses — 12.  Robinson  :  Proceed- 
ings of  R.  Irish  Academy,  1840.  Account  of 
Lord  Rosse's  three  feet  telescope.  The  same,  for 
1842  and  1845.  A  full  account  of  the  casting 
and  polishing  the  six  feet. — 13.  Greene:  Pro- 
ceedings of  British  Association  i/i  1 843.  Notice  of 
Ins  polishing  machine.  There  is  an  earlier  paper 
by  him,  1834,  to  which  we  cannot  refer;  but  an 
extract  of  it  is  given  in  Holtzapfel's  Mechanical 

Afanipulatim, -p.  1292  14.  Lassell:  Trans.  R. 

As.  Soc,  1849.  Full  details  of  his  process 
This,  and  still  more,  Lord  Rosse's  memoir,  are  the 
standard  authorities. — Proceedings  of  British  As 
sociution,  1850.  Description  of  the  lateral  support 
by  levers. — 15.  Lord  Rosse:  Phil.  Trans.,  1850. 
Notice  of  the  six  feet. — 16.  Lassell :  Proceedings 
v/'E.  As.  Soc,  Cambridge.  For  giving  rectilinear 
motion  to  speculum. — 17.  Delarue  in  the  same 
volume;  another  mode  of  effecting  the  same 
end,  and  also  for  giving  definite  rotation  to  the 
polisher. 

Speculum,  the  Silver.  It  has  recently 
been  proposed  to  substitute  silver  for  tlie  ordi- 
nary speculum  metal.  It  is  far  more  brilliant, 
reflecting  0-91  of  the  incident  light,  while  the 
other  only  gives  0-67;  but  besides  its  high 
price,  there  are  almost  insuperable  difficulties  in 
figuring  and  polishing  it  by  the  usual  methods. 
Its  liability  to  tarnish  is  also  a  weighty  objection. 
In  1853,  Lord  Rosse  met  these  in  the  case  of 
the  plane  mirror  of  his  great  Newtonians,  hy 
depositing  silver  from  a  solution  of  ammoniated 
nitrate  on  a  polished  glass,  detaching  it,  and 
employing  the  specular  surface  which  had  been 
in  contact  with  the  glass.  He  found  the  gain  of 
light  very  great,  the  speculum  (if  protected  when 
not  in  use)  does  not  tarnish  very  rapidlv,  and 
the  o'lst  and  trouble  of  renewing  it  are  trifling. 
This  would  be  impracticable  for  the  Inrge  specu- 
lum ;  but  in  1857,  M.  Leon  Foucault*  published 
a  process  wliich  has  given  very  satisfactory 
results,  and  seems  applicuble  to  any  dimensions. 
His  speculum  is  made  of  glass  (which  for  this 


•  Dr.  Stelnheil,  of  S(unicb,  has  claimed  priority  in 
this  diHcovory.  We  linve  not  tho  menns  of  verifying 
Ills  rcferr-nccs;  but  If  Is  certainly  to  M.  Kouc«uIt'tliHt 
lutionoii.t'rs  arc  indebted  fur  the  praclicul  result. 
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purpose  need  not  be  optically  perfect) :  it  is 
figured  and  polished  to  a  true  parabola,  and  the 
silver  is  deposited  in  a  thin  but  uniform  film  on 
its  surface.f    Its  exterior  surface  is  of  course 
parabolic,  but  has  no  lustre :  it  however  re- 
ceives this  in  a  high  degree,  and  without  any 
sensible  change  of  figure,   by  light  frictiAn 
with  soft  wash  leather  and  a  little  peroxide  of 
iron.    In  case  of  tarnish  the  same  process  renews 
the  polish,  and  it  may  be  often  repeated  (how 
often  has  not  yet  been  ascertained)  before  the 
silvering  requires  renewal. — The  advantage  of 
such  specula  appears  to  be  considerable.  A  New- 
tonian furnished  with  them  would,  with  63 
inches  aperture,  equal  in  light  Lord  Rosse's  six 
feet,  and  one  of  64'5  the  same,  were  it  Herschel- 
ianized.    The  great  speculum  will  also  be  much 
lighter,  and  less  liable  to  bend — M.  Foucault 
has  already  constructed  a  telescope  of  13  inches 
aperture,  and  8^  feet  focus,  which  has  clearly 
separated  into  two  the  blue  companion  of  y  Andro- 
meda, a  test  which  is  quite  decisive  as  to  the 
accuracy  of  the  surfaces.    He  uses  Drayton's 
process,  in  which  the  reducing  material  is  oil  of 
cassia :  Lord  Rosse  employs  saccharic  acid,  and 
Liebig  sugar  of  milk,  which  has  the  advantage 
of  not  requiring  the  application  of  heat.  Liebig's 
process,  as  given  hy  Delarue,  is  as  follows : — 10 
grammes  of  fused  nitrate  of  silver  are  dissolved 
in  200  cubic  centimetres  of  water,  and  just 
enough  liquid  ammonia  is  added  to  this  solu- 
tion to  redissolve  the  brown  precipitate  first 
formed.    This   solution  is   mixed  with  450 
cubic  centimetres  of  a  solution  of  caustic  soda, 
specific  gravity  1"035.    A  purplish-black  pre- 
cipitate forms  on  the  admixture  of  these  solu- 
tions, which  is  to  be  dissolved  again  hy  the  care- 
ful addition  of  ammonia.  After  which  800  cubic 
centimetres  of  water  are  added  and  so  much  of  a 
dilute  solution  of  nitrate  of  silver  as  to  occasion 
a  permanent  slight  precipitate  of  oxide  of  silver; 
50  cubic  centimetres  of  water  finally  are  added, 
and  the  solution  filtered.     This  is  then  the 
normal  alkaline  solution  of  silver  which  is  re- 
tained for  use  when  required.    Just  previous  to 
the  silvering  operation  eight  parts  of  this  alkaline 
silver  solution  are  mixed  with  one  part  of  a  solu- 
tion of  sugar  of  milk,  containing  one  part  of 
sugai:  of  milk  in  ten  parts  by  w  eight  of  water. 
In  order  to  prci)are  the  surface  to  be  silvered  so 
as  to  insure  the  adhesion  of  the  silver  film,  it  is 
rubbed  over  with  a  solution  of  cyanide  of  potas- 
sium by  means  of  cotton  wool;  after  the  sur- 
face is  thoroughly  cleansed  in  this  matter,  it  is 
washed  wilh  distilled  water,  and,  just  previous 
to  its  immersion  in  the  silvering  liquid,  it  is 
wetted  wilh  strong  spirit  of  wine.    All  things 
being  ready,  the  silvering  solution  is  poured  into  a 
vessel  suflicieutly  deep  to  contain  the  speculum 


t  This  film  is  thin  enouRh  to  transmit  bine  lipbt, 
Willie  It  totftlly  reflects  tho  ravs  ol  solar  hcnt  M.  l-i>u- 
caiilt  bus  avnilod  hinisolf  of  this  tn  consiiuct  a  moat 
cnectlve  shade  for  observations  of  the  suil 
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iin  a  vertical  direction;  but  instead  of  placing 
It  lie  mirror  exactly  vertical,  it  is  allowed  to  lean 
■  slightly  over  to  one  side,  the  surface  to  be  silvered 
I  being  placed  downwards.  In  a  few  seconds  the 
■solution  darisens,  becomes  brown,  and  deposits 
t  the  silver  on  the  glass  in  the  first  instance  as  a 
I  black  or  purple  transparent  mirror ;  this  gradu- 
tally  brightens  and  becomes  more  and  more 
I  metallic,  and  finally,  in  about  three-quarters  of 
£an  hour,  a  film  is  obtained  at  ordinary  tempera- 
ttures  which  is  extremely  thin  and  regular  in 
t thickness;  this  mirror  has  a  slight  bronzy  hue 
I  by  reflected  light,  and  if  of  the  proper  thickness, 
t  transmits  a  deep  blue  light  when  the  sun  is 
wiewed  through  it.  It  readily,  after  drying, 
r  receives  a  polish  when  rubbed  with  a  piece  of 
c  chamois  leather  and  dry  rouge  (peroxide  of  iron): 
i  it  is  much  harder  than  ordinary  silver,  and  bears 
I  the  same  relation  to  it  as  electro-precipitate, 
<  copper,  iron,  &c.,  bear  to  those  metals  prepared 
I  by  the  ordinarj'  metallurgic  methods.  In  another 
1  memoir  on  the  configuration  of  optical  surfaces, 
IFoucault  concludes  as  follows: — "The  mecha- 
I  nical  processes  by  which  the  working  of  glass 
i  surfaces  is  effected  seem  to  lose  of  their  efficiency 

I  iwhen  the  pieces  are  of  great  dimensions;  the 
'  I  results  they  then  furnish  are  but  an  approxima- 

ttion,  which  is  certainly  far  from  being  satis- 
i;  ( factory.  But  where  mechanism  becomes  power- 
i  1  less,  the  hand  of  man  can  do  something  more: 
\  !  assisted  by  the  resources  which  optics  put  at 
i  1  Lis  disposal,  and  guided  by  a  system  of  observa- 
^  t  lions,  the  power  of  which  increases  with  that 
■  c  of  the  instrument  about  to  be  constructed,  the 

I I  human  hand  is  then  enabled  to  proceed  with  the 
»  >  work,  and  to  cairy  it  out  to  the  greatest  degree 
f  oof  precision." 

J  _  Spheroid.  A  species  of  ellipsoid  (q.  v.)  It 
jii^s  formed  by  the  revolution  of  an  ellipse  round 
|||  icither  of  its  diameters.  If  about  its  longer  dia- 
l^'ineter  it  is  called  a  prolate  spheroid.  If  about 
N:its  shorter  it  is  called  an  oblate  spheroid-  Its 
^..5urface  is  given  by  this  equation 

"1  +  ^  +  =5  =  1 
a'  or 

the  same  as  that  of  the  ellipsoid. 

Spherical  Trigouemeir}'.     See  Trigo- 

■NO.METRV. 

Spring.    See  Balance  and  Elasticity. 
i,     Squares  the  l.caat,  Method  of.    On  this 
h  very  remarkable  and  important  method  of  com- 
g  billing  Equations  of  Cmdilim  in  the  best  pos- 
sible manner,  we  shall  be  able  to  offer  only  a 
few  practical  hints  and  illustrations. — la  the 
^rst  place,  however,  let  the  nature  of  the  pro- 
blem to  be  solved  be  accurately  understood.  In 
Eriior  and  Correction  we  have  shown  the 
chief  precautions  necessary,  so  tliat  tlio  observer 
Who  requires  to  measure  any  quantity — let  tliat 
I'iuantity  be  an  angle  or  a  linear  magnitude — may 
:ome  as  near  to  the  trutli  as  possible.  But 
ao  precautions  can  enable  him  to  reach  the  abso- 
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lute  truth,  on  which  account  it  is  the  practice 
to  take  a  nuniber  of  mtasures^  and  to  trust  that 
somehow  an  estimate  more  accurate  than  any 
single  measure  may  be  deduced  from  the  mean 
of  the  whole.  And  the  question  is — how  shall 
this  mean  be  obtained?  By  the  usual  mode  of 
adding  all  observations  together  and  dividing  the 
sum  by  the  number  of  these  observations  ?  Or  is 
there  any  other  preferable  rule?  It  maybe  con- 
cluded from  our  few  remarks  under  Error,  that 
the  usual  arithmetical  mean  is  by  no  means 
necessarily  the  best  or  truest  mean ;  and  the  in- 
quiry thus  opened  has  given  rise  to  those  elaborate 
series  of  investigations  which  have  issued  in  the 
Law  or  Theorem,  of  the  Minimum  Squares. 
The  fullest  and  most  satisfactory  discussions  ot 
the  subject  are  unquestionably  those  by  Gauss 
and  Laplace,  with  the  latter  of  whom  we  must 
join  Poisson.  It  is  scarcely  necessary  to  men- 
tion the  very  inconclusive  efforts  of  Mr.  Ivory 
in  Tillodis  Magazine.  The  student  is  especially 
referred  to  a  valuable  review  of  the  whole 
subject  by  Mr.  Ellis,  in  Cambridge  Transactions, 
vol.  viii. :  we  may  be  permitted  just  to  add 
that  the  inquiry  has  yet  scarcely  escaped  that 
taint  of  metaphysics  which  still  affects,  more 
or  less,  many  points  connected  with  the  doctrine 
of  Probabilities.  The  general  theorem  arrived 
at  and  sanctioned  by  all  physicists  is  this: — If 
the  mean  of  a  number  of  distinct  observations  be 
calculated,  so  that  the  squares  of  the  errors  shall 
be  a  minimum,  the  values  obtained for  the  quanti- 
ties, will,  under  the  given  circumstances,  be  the 
nearest  or  best  obtainable  values.  Suppose,  as  is 
usually  the  case  in  Astronomy,  the  number  of 
unknown  quantities,  x,  y,  z,  v,  &c.,  to  be  less 
than  the  actual  number  of  equations  of  condition 
from  which  we  desire  to  deduce  the  values  of  these 
quantities.    In  other  words,  suppose  that  we  have 


X 

b 

X 

—  c  jr  — 

d 

z 

—  e  V 

—  &c. 

Xl 

=  «1  — 

h 

X 

—  ciy — 

di 

z 

  Ci  w 

—  &c. 

X2 

=  «2   

h 

X 

—  C2;/  — 

d2 

z 

—  62  w 

—  &c. 

^3 

=  ag  — 

h 

X 

—  c^y  — 

da 

z 

—  eg  w 

—  &c. 

=  a.t  — 

h 

X 

—  CiV  — 

di 

z 

—  e^v 

—  &c. 

&c. 

&c. 

&c 

Let  us  put  for  the  possible  errors  the  symbols 
A,  Aj,  ^2,  A3,  A4,  &c.,  and  for  brevity's  sake 
as  below, —  ' 

A  —  a  =  a 

Ai  —  =  Oi 
A2  —  flig  —  '"2 

&c.  &c. 

where  A,  Aj,  A2,  &c.,  represent  the  values  obtained 
from  observation  of  the  functions  x,  Xj,  X2,  iSccji 
then 

A  =  0   -f.J  X  ■\-  c  y  \  d  z 

Ai  =  ai  4-  61  X  -(-  ci  y  -f  rfi  2  +  &c. 

A2  =  02  -I-  ^2  «  +  ca  y  +     «  +  &c. 
&c.  &c.  &c 

Next  let  us  calculate 
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(a 5)  =  a 6  +  Oj  5i  +  «2 &2  +  "g ^3  +  a^b^  + 
{a  c)  =  a  c  +  ai  Ci  +  a2  C2  ag  +  04  C4  + 
(ad)  =  ad  +  aidi  +  aje/g  +  a^d^  +  a^d^  + 
iae)  =  a  e  +  «!  ei  +  flg  eg  +  eg  +  04  64  + 
&c.  &c.  &c. 

(J  &)  =  6  &  +  61 61  +  &2  ^2  +     63  +  &4  J4  + 

(be)  =  be  +  biCi  +  b2C2  +  63  Cg  +  64  C4  + 

Cftfi?)  -  bd  +  bidi  +  Jgf^a  +  *3<^3  +  bi^i  + 
(be)  =  be  +  biei  +  b2e2  +  63  eg  +  S4  64  + 
&c.  &c.  &c. 

(ec)  =  ce  +  eiCi  +  c^e^  +  Cg  cg  +  C4  C4  + 

(C(f)  =  erf  +  Ci(?i  +  62^2  +  C3<^3  +  04(^4  + 

(c  e)  =  c  e  +  ci  ei  +  C2  62  +  Cg  eg  +  C4  64  + 
&c.  &c.  &c. 

(dd)  =  dd  +  didi  +  <?2^2  +  +  ^id^  + 

(de)  —  de  +  d^ci  +  t/2  63  +  rfg  eg  +  ^4  64  + 

&c.  &c.  &c. 

(e  e)  =  e  e  +  ei  fii  +  eg  62  +  eg  eg  +  C4  64  + 
&c.  &c.  &c. 

Then 

(ab)  +  (bb)  X  +  (Sc)t  +  (bd)z  +  (be)v  + . . .  =  o T 

(ac)  +  (Jc)x  +(cc)y+  (ecZ)z  +  (ce)v+.,.=o  I  p 
(«rf)  +  (bd)  X  +  (erf)  V  +  (rfrf)z  +  (rfe)v  +  ...,=  o  |  ' 
(ae)  +  (6e)  X  +  (ce)  y  +  (rfe)  z  +  (ce)v  + , . .  =  o  J 

are  the  equations  which  sen'e  for  ascertaining 
X,  y,  z,  V. 

Example.    Suppose  we  have  the  equations 

x=  x+  y  -\-  2z 
Xx=  3x  +  2t/  +  5z 
X2  =  4x  +  y  +  4  z 
Xs^  —  x  +  By  +  3z 

and  found  by  observations 

A  =  3,  Aj  =  5,  A2  =  21,  Ag  =  14 ; 

then 

A  =  3 —  X  +  y —  22 
Ai=  5  —  3x  —  2^  +  53 
A.  =  21 — 4x —  y  —  4z 
^'  =  14+    x  —  By  —  Bz 


a 

=  3, 

b 

=  -1, 

c 

=  1, 

rf  = 

—  2 

«i 

=  5, 

h 

=  -3, 

Cl 

=  2, 

rfi  = 

6 

«2 

=  21, 

=  —  4, 

^2 

=  1, 

rf2  = 

—  4 

«8 

=  H, 

h 

=  -1, 

C3 

=  3, 

^3  = 

-3, 

consequently  as  above. 

(ab)  =—  88,  (b  b)  =27,  (c  c)  =  15,  (dil)  =  oi, 


(«c)=—  70,  (6c)  = 


6.  (erf)  = 
0, 


1, 


(arf)  =—107,  (bd)  = 

whence  by  equation  5 

—  88  +  27  x+Cy+  ~o 

—  70+    6x+16y+      z  =  o 

—  107  +     T  +  54  z  =  o 

I'lnm  which  three  equations  the  most  probable 
values  follow, 

X  =  2  .  470 
Y  =  3  .  551 
z  =  1  .  916 
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A  very  elegant  process  by  Gauss,  to  deter- 
mine the  most  probable  values  of  x,  y,  z,  v,  and 
their  weights  yf,  Wj,  Wg  ,Wg — (the  weight  of  all 
the  observations  being  put  =  1) — consists  in  the 
following.    Let  us  put 

(ab)  +  (bb)^  +  (Jc)Y  +  (bd)z  +  (be)\  +  ....=p 

(ac)  +  (6c)x  +  (cc)y+  (crf)z  +  (ce)v  +  ....  =  q 

(ad)  +  (6rf)x  +  (crf)Y  +  (rfrf)z  +  (rfe)v  +  ....  =k 

(ae)  +  (ie)x  +  (ce)Y  +  (rfe)z  +  (ee)v  +  ....  =s 

&c.  &c.  &c. 

and  then  eliminate  from  these  equations,  x,  y,  z,  w 
by  known  algebraic  methods,  we  shall  always 
be  able  to  exhibit  the  values  of  these  unknown 
quantities  by  expressions  of  the  following  form, — 


P  +  Bg  Q  + 
P  +  b}  Q  +  Cj 
L2  +  A|  P  +  B;  Q  +  C- 


+  A 

+  a: 


X  =  L 
Y=  Li 
Z 

V  =  Lg  +  A 
&C. 


P  4-  B 


3  Q  +  < 
&c. 


R  +  D»  S  +. 
R  +  8  +  . 
R  +  D?  8  +  . 
R  +  d2  S  +  . 


•1 


&c. 


and  if  we  have  actually  eliminated  these  the 
most  probable  values  of  x,  y,  2,  v,  are 


X  =  L  1 

Y  =  Li!, 
Z   =  L2  f 

V  =  LgJ 

&C. 


and  the  weights  of  these  results. 


w  = 


■vv. 


■VVq  = 


Wo  = 


If  we  call  ip.  (pi,  (P2,  the  mean  errors  which  may 
have  been  connnitted  in  determining  the  probable 
values  of  x,  y,  2,  «,  (according  to  8) 


<p  = 

'-'''1'  Gog  0-282095 
V  w 

0-282095 

O-2S2095 
—7—  (10) 

f  = 

0-28'2n95 

Lastly, 

the  probable  errors  F,  Fi, 

values  of  x,  y,  2,  v ;  or  those  errors,  of  which  it 
is  equally  probable  that  they  have  been  com- 


r'j2 
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aiitterl,  or  that  they  have  not  been  committed, 
ai'e  the  following, — 

0-176936 

F  =  (log  0  476936  =  9-678-1601) 

0-476936 

Fi  =  T= 


SOU 


ro  = 


\/vvi 

0--476936 
 7=-  (11) 

0-476936 


F3  =  — 


The  limits  Af,  Afi,  A  F2,  between  which  the 
rue  values  of  r,  Fi,  F2  'vvill  occur,  are 

0-476036 

A  F    =  F   (1  + 


j036  \ 

) 


A  Fi 
A  F2 
AF3 


J 

0-476936  \ 
0-476936 

r2  (1  + 


) 


(12) 


0-476936  \ 

&c.  &c. 
■1  which  expressions  n  is  the  number  of  the 
-ervations  or  the  number  of  the  given  equa- 
.  Ills  in  (2). 

To  show  an  application  we  shall  employ 
-;ain  the  example  formerly  chosen.  We  have 
■euording  to  (6) 

—  88  +  27  x+6y  =p 

—  70+    6x  +  15y+      z  =  q 

—  107  +      Y  +  54  z  =  R 

Vhcnco,  according  to  (7), 


49154 

+ 

809 

p  — 

324 

+ 

G 

^  "  19899^ 

19f99 

]98;i9 

0 

19800 

2617 

12 

p  + 

54 

Q 

1 

"  "737 

737 

737 

737 

12707 

+ 

2 

p  — 

0 

Q 

123 

■  "  6633 

6633 

+ 

"6GJ3 

\-iid,  according  to  (8) 

_  49154 
^  -  19899 
2617 

^  =  -7ar 

12707 

z  = 


GG33 

ikewiso,  according  to  (9) 

19899 
~b09 


=  2-4702 
=  3-5509 
=  1-9157 


V 


=  4-9595 


\Y,  = 


Td'i 


40 


-  =  3-0913 


/  Go;Jc 
V  "123 


3    =  7-3435 


VVlience  it  follows  that  z  is  determined  most  pre- 
cisely of  all,  and  y  least  precisely,  so  that  Y  is 
only  half  so  certain  as  z.  Further,  we  obtain 
from  (10) 

ip  =  0-1267,  (Pi  =  0-1468,  <p 
as  the  means  and  according  to  (11) 

F  r=  0-214-2,  Fi  =  0-2481,  Fg  =  0-1760 
as  the  probable  errors. 

Lastlj',  in  section  7  the  number  of  the  given 
equations  was  four,  consequently  n  =  4  and 

sj  n  =  2 ;  therefore,  according  to  1 2, 


A  F  _ 


A  F,  = 


A  F2 


( i"^^?ro^V  =  0-2653  and  0-1630 
\^0-761532 J 

;:s?532)^-^=°-^i«°^"^^-i^^^ 


Gauss  had  previously  commimicated,  besides 
this  method,  a  method  of  solving  equations  of  the 
first  degree  by  the  method  of  least  squares,  if  their 
number  exceeded  the  number  of  unknown  quan- 
tities involved  in  them.  He  transformed  these 
equations  into  so  many  others,  of  which  each 
succeeding  one  contains  one  unknown  quantity 
fewer  than  the  foregoing  one.  This  process  in- 
deed is  applicable  to  every  number  of  unknown 
quantities,  but  the  operation  always  becomes 
more  difficult,  so  that,  to  avoid  error,  we  must 
constantly  have  before  us  the  notation  of  the 
formulae,  which,  in  every  particular  case,  are  to 
be  transformed  into  numbers. 

Stability.  When  a  bodj'  is  in  equilibrium, 
and  a  small  force,  in  any  direction,  is  added  to 
those  already  acting  upon  it,  motion  in  that 
direction  is  immediately  produced.  But  after 
this  force  shall  have  spent  its  effort,  there  will  bo 
an  endeavour  to  return  to  rest.  If  the  new  position 
of  rest,  be  the  same  as  that  in  which  the  body  was 
when  the  force  was  applied,  the  body  is  said  to 
have  been  at  first  in  stable  equilibrium — if  not,  in 
unsttiile  equilibrium. — One  does  not  see  at  first 
how  stable  equilibrium  can  bo  possible.  If  a  force 
act,  it  must  produce  some  result.  It  cannot 
spend  itself  in  vain,  or  neutralisio  its  own  efforts 
utteilv.  But,  in  stable  equilibrium  there  is  a 
return  to  the  exact  position  occupied  before  mo- 
tion, and  therefore  it  would  seem  that  tliere  may 
be  an  utter  loss  of  force  and  work  in  the  uni- 
verse. The  mistake  arises  from  this,  that  account 
Is  not  taken  of  the  heat  which  is  generated.  Tlio 
work  done  is,  in  fact,  converted  into  heat.  In 
the  case  of  a  pendulum,  for  example,  there  is  a 
])erfcct  return  to  the  original  position,  but  heat 
of  friction  i.s  generated  somewhere.  This  heat  is 
the  result  of  the  forces  which  have  opo-nted,  and 
t)3 
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vill  be  their  equivalent.    An  equivalent  for  all 
li\'ing  force  must  be  found,  and  always  is  found 
in  the  economy  of  Nature,    Kegarding  unstable 
equilibrium,  take  the  following  illustration :  If 
we  balance  a  rod  carefully  on  the  top  of  the 
linger,  the  tendency  of  any  side  motion  to  make 
the  rod  fall  is  sufficiently  manifest.     In  fact, 
there  are  only  two  positions  of  perfect  equili- 
brium in  such  a  case — the  first,  when  the  rod 
h.angs  freely  in  the  vertical  line  downwards  ;  the 
second,  when  it  stands  upright.    In  the  former 
case,  a  pull  or  push  to  the  side  would  just  cause 
oscillation,  with  a  final  return  to  the  original 
position— in  the  latter,  a  push  or  a  pull  would 
make  the  body  swing  wholly  away  and  settle  in 
the  vertical  line  downward. — To  investigate  fully 
tlie  conditions  of  stability  is  impossible  in  this 
place,  but  we  shall  consider  a  few  cases,  pointing 
out  how  they  are  to  be  treated.    We  shall  confine 
our  attention  to  the  case  of  jwirds — taking  for 
granted  (see  Centrobauic)  that  where  a  body 
moves,  we  may  substitute  for  it  a  point  of  ex- 
actly the  same  weight.     If  such  a  body  be 
disturbed  and  its  centre  of  gravity  moved,  it 
must  do  so  in  a  certain  line,  straight  or  curved. 
Suppose  then  that  we  slip  a  line  of  rigid  matter,  of 
the  form  of  this  line  along  which  the  body  must 
move  in  the  circumstances  of  disturbance,  we 
can  now  abstract  all  consideration  of  the  forces 
themselves.    The  forces  drive  the  body  along 
the  line  from  a  position  of  equilibrium  (the 
point  of  commencement  of  motion)  in  it,  and 
we  may  suppose  the  motion  along  it,  to  be 
produced  by  a  different  cause,  the  presence  of 
a  rigid  railroad,  instead  of  the  real  one.  Let 
us  consider  what  forms  this  railroad  may  assume 
very  near  tlie  position  of  equilibrium. — 1.  It 
niaj'  be  a  straight  line,  suppose  that  marked  1  in 
the  figure. — 2,  3.  It  may  be  a  curve  bending 
u[)ward  or  downward  on  both  sides  from  the 
position  of  equilibrium  (marked  2,  S). — 4.  Or 


STA 


one  bending  upwards  on  the  one  side,  and  down 
Avards  on  the  other  (marked  4). — 5,  6.  Or  the 
position  of  equilibrium  may  be  the  point  where 
two  curves  meet,  or  rather  two  branches  of  one 
curve,  of  the  bending  of  both  of  which  branches, 
this  point  cannot  be  considered  the  centre  (marked 
6;  6).   Suppose  motion  from  a  along  the  straight 

line,  there  is  here  no  accumulating  force  of 

gravity  to  call  the  body  back  to  its  old  position, 
and  displacement  would  only  be  removal  to  an 
other  place  of  rest.    The  body  starting  from  . 
and  moving  along  the  line  would  just  be  in  the 
same  circumstances  as  if  it  started  from  any 


other  point  along  the  line.    It  can  rest  indif- 
ferently under  the  action  of  gravity  at  any  iK)int 
in  the  line,  and  its  cquihbrium  is  called  indiffer- 
ent.   In  motion  from  a  (in  2,)  there  would  be  an 
effort  exerted  by  gravity  to  retard  and  destroy 
this  motion,  and  as  it  constantly  acts,  it  mu-v 
ultimately  succeed  in  so  doing — continuing  to 
act  after' destroying  it,  it  will  bring  down  the 
body  to  the  old"  position,  but  there  it  will  have 
given  it  such  a  velocity  that  it  will  go  up  as  high 
on  the  other  side.    Were  motion  in  a  perfect 
vacuum  possible,  this  oscUlation  would  go  on 
for  ever ;  but,  as  it  is  not,  the  body  gives  part 
of  its  force  away  in  keaf,  to  surroundkig  bodies ; 
the  oscillations  become  less  and  less,  and  finally 
the  body  settles  again  at  A.    The  equilibrium 
here  is  stable  equihbriura.    In  motion  from  a  in 
3,  again,  there  is  the  same  action  of  gravity,  but 
it  goes  to  increase  and  not  diminish  the  motion; 
and,  therefore,  A  being  once  left,  there  is  no  ten- 
dency to  return.    This  equilibrium  is  called  vn- 
slabfe.    In  motion  from  A,  in  4,  there  are  two 
possibilities  to  be  considered — that  the  body 
move  to  the  right  or  the  left.    In  moving  to 
the  left  we  have  exactly  the  same  results  as 
in  3 — gravity  increasing  the  disturbance,  and  no 
tendency  to '  restoration  after  disturbance.  In 
movement  to  the  right,  gravity  diminishes  the  dis- 
turbance, as  in  2,  and  brings  back  the  body  to  a, 
but  still,  as  in  2,  with  such  a  velocity  as  to  take 
the  body  beyond  A.     Slotion  m  this  direction 
once  obtained,  graA-ity  increases  it,  and  there  is 
no  return  to  A.    Here  also,  therefore,  the  equi- 
librium is  unstable ;  and  in  all  cases  of  motion 
from  A,  the  body  will  go  down  the  slope  to  the  left. 
In  motion  from  a,  m  5,  a  very  peculiar  result 
is  obtained.     It  is  evidently  of  no  consequence 
here  in  which  direction  the  motion  is.    In  every 
case  the  body  moving  from  A  will  go  down- 
wards to  the"  bottom  of  one  of  the  curves— be 
carried  by  its  velocity  up  from  that  to  a  height 
rather  higher  than  A  (supposing  it  sent  from 
A  Avith  considerable  velocity),  will  go  round, 
perform  the  same  thing  on  the  other  side,  and  so 
on.    Theoretically  there  would  be  an  incessant 
motion  round  a,  as  theoretically  there  is  in  2,  and 
so  in  this  view  we  might  call  the  equilibrium 
stable.     In  almost  no  practical  case,  however, 
would  the  body  come  back  and  rest  just  on  A. 
With  a  perfect  equality  of  circumstances  (e.  g  , 
friction)  on  each  side,  it  would  do  so ;  but  in 
practice  that  could  never  be.  In  some  one  of  its 
swingings  upwards  from  the  bottom  of  one  of  the 
branches  to  A,  it  would  come  short  of  A ;  its  force 
on  the  other  side  in  the  previous  rise  having 
been  just  snflicient  to  carry  it  over,  and  some 
of  that  liaving  been  lost — say  by  friction — in  the 
interval.    We  thus  return  to  the  case  of  2,  and 
have  the  bottom  of  that  branch  of  the  curve  in 
which  A  was,  as  the  ultimate  position  of  stable 
equihbrium.    Hence,  therefore,  the  result  that, 
with  perfect  equality  of  action  on  each  side, 
a  body  at  a  would  be  iu  stable  eiiuilibriuni, 
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and  without  that,  as  in  almost  every  practical 
( use,  ill  unstable  equilibrium.     The  equilibrium 

in  case  6  is  evidently  stable  We  inay  thus 

establish  the  general  law  that  a  system  acted 
upon  b}^  gravitating  forces  is  in  equilibrium  only 
\vhen  the  tangent  to  the  path,  which  alone  it 
can  describe,  is  horizontal.  This  will  be  found 
to  hold  for  all  the  six  cases.  Withdrawing  5 
from  consideration,  we  have  this  result — that 
stable  equilibrium  is  only  possible  when  the  centre 
of  gravity  has  reached  a  position  lower  than  all 
tliose  immediately  around  it,  in  its  possible  path. 
Case  5  modifies  the  theoretical  statement  of  this 
law,  for  there  the  body  is  not  in  a  position  lower 
than  all  around  it,  but  yet  in  stable  equilibrium. 
But  the  statement,  nevertheless,  remains  practi- 
cally true. — Such  is  the  technical  meaning  of  the 
Mr  Ord  stability. 

Stars,  Fixed.  The  name  given  to  those 
myriads  of  shining  points — with  the  exception 
of  our  few  planets — which  glorify  the  midnight 
skies.  What  these  Orbs  are,  it  is  impossible 
positively  to  demonstrate  :  but  as  our  sun  would 
shrink  into  the  dimensions  of  a  fixed  star,  and 
put  on  all  its  other  visible  characteristics,  were 
it  removed  to  a  corresponding  distance,  we  are 
sustained  by  every  consideration  of  probability,  in 
assuming  that  the  luminaries,  scattered  so  pro- 
fusely around  us,  are  also  suns.  If  a  thousand 
balls  were  placed  within  an  um,  one  only  being 
black,  it  is  little  likely  that,  on  one  drawing,  this 
single  black  ball  would  appear:  and  it  were  an 
( qual  strain  of  logic  to  conclude,  that  the  only 
lixed  star  with  wiiose  nature  we  can  be  conver- 
sant— (because  of  its  neighbourhood  with  the 
( arth) — is  the  sole  organized  globe  amidst  the 
throng  constituting  our  galaxy.  But  we  have  no 
room  for  speculation,  and  must  leave  untouched 
discussions  as  to  tha  Plurality  of  Worlds.  There 
are  enough  of  positive  inquiries  regarding  the 
1  ixed  Stars, — one  class  referring  to  the  visible 
and  real  distribution  of  these  orbs, — the  other  to 
the  physical  causes  and  consequences  of  their 
grouping.  The  latter  subject  forms  the  matter  of 
next  article ; — the  former  is  sufficiently  extensive 
to  justify  our  dividing  it  into  sections. 

1.  The  Relative  Positions  of  thk  Fixed 
Stars. — This  important  inquiry  has  two  ele- 
ments :— it  is  concerned,  first,  with  the  accurate 
iletermination  of  a  star's  true  position  on  that 
ajjparently  concave  surface  environing  the  earth: 
secondly,  with  the  determination  of  its  absolute 
or  relative  depth  in  space. 

(1  )  Position  of  the  Stars  on  the  Surface  of 
the  Celestial  Concave. — This  position  is  said  to  be 
ascertained  when  the  star  is  referred  to  its  dis- 
tances from  two  fixed  great  circles  of  the  spliere. 
'Observation  alone  cannot  determine  these  dis- 
tances. To  do  that,  calculations  of  a  laborious 
nature  must  be  applied  to  every  observation  ; — 
calculations  whi.;h  are  technically  named,  Cw- 
rections,  and  Jiediictioris.  They  are  as  follows. — 1. 
'ihe  apparcjit  places  deteriniiiud  by  the  Iran.iit 
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and  Circular  Tnsfiitmeiits  (q.v.)  must  be  corrected 
for  the  errors  of  these  instruments,  including 
among  such  errors,  the  personal  equation  of 
the  obser\'er. — 2.  The  instrumental  determination 
thus  accomplished,  corrections  must  be  applied  to 
free  that  determination  from  influences  depending 
on  the  position  of  the  observer.  These  influences 
are  three ;  first,  atmospheric  R/'f ruction  (q.  v.") ; 
secondly.  Aberration  {q.v.');  and,  thirdly.  Parallax. 
This  latter  correction  is  required  for  a  very  few 
stars  only,  and,  with  existing  instrumental  means, 
it  is  almost  evanescent.  Its  nature  is  fully  ex- 
l)lained  below,  and  its  amount  also  indicated. — 
3.  The  two  previous  corrections,  would  suffice,- 
were  the  great  circles  to  which  the  place  of  the 
star  is  referred,  absolutely  fixed.  But  they  are 
not  so.  First,  we  have  those  motions  of  the  pole 
of  the  Earth  and  the  pole  of  the  Ecliptic,  whose 
character  has  been  explained  under  Precession 
and  Notation  ; — motions,  that  change,  accord- 
ing to  regular  laws,  the  position  of  the  great 
circles  of  Reference :  and,  secondly,  the  position  of 
the  axis  of  the  earth's  rotation  appears  itself  to 
undergo  a  change,  although  that  is  neai-ly  evan- 
escent, and  at  present  by  no  means  ascertamed 
or  valued. — An  observation  of  a  star  then,  is, 
itself,  but  the  simplest  part  of  the  determination 
of  its  place.  That  observation  must  first  be  freed 
from  instrumental  errors,  and  next  from  effects 
of  Refraction  by  a  set  of  suitable  tables.  The 
other  tangible  causes  of  displacement,  are  Preces- 
sion, Nutation,  and  Aberration;  and  in  practice 
they  are  now  easily  estimated  and  corrected  for,  by 
tables  whose  convenient  form  we  owe  to  Bessel. 
lie  has  reduced  the  whole  of  these  coiTections, 
"  en  bloc,"  under  a  form  which,  as  given  hy  Mr. 
Baily  in  his  Introduction  to  the  Catalogue  of 
the  British  Association,  is — 

Aa+ii6+cc  +  DcZ=  cor.  for  r.  a  : 

A  a'  +  B  &'  +  c  c'  +  D  0?'  =  cor.  for  Dec. : 
in  which  the  quantities  a,  b,  c,  d,  depend  solely 
on  the  season  of  the  j'ear,  and  are  therefore  com- 
mon to  all  the  stars,  and  the  quantities  a,  a' ; 
b,  y ;  c,  c' ;  D,  D'  depend  on  the  star's  apparent 
place.  It  is  easy  to  tabulate  the  former  quan- 
tities for  all  the  stars,  and  the  latter  for  every 
star  approximately  known;  nor  do  the  formula;, 
enabling  us  to  ascertain  the  values  of  a,  a';  b,  b', 
&c.,  although  somewhat  tedious,  present  real  dif- 
ficult}' in  tlieir  application  to  any  newly  observed 
point  in  the  heavens. — As  presented  in  the  fore- 
going few  words,  the  process  of  Correction  and 
Reduction  must  appear  simple :  but  to  perfect  it, 
all  tlie  ever  gro\v  ing  resources  of  practical  and 
theoretical  Astronomy  have  been  put  in  requisi- 
tion. It  is  only  after  this  process  has  been  com- 
pleted, that  we  can  venture  to  speak  of  the  Proper 
Motions  of  the  Fixed  Stars. 

(2.)  Position  of  the  Fixed  Stars,  as  to  AlsoMe. 
and  IMative  Depth  in  Sjmce,  or  Distance  from  our 
System,. — Tliis  most  important  subject  is  divisible 
into  tiie  two  parts  indicated  by  its  title. 

a.  The  Parallax  oj'the  Fixed  Stars. — The  dis- 
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covcry  of  parallax,  or  tlie  determination  of  the 
absolute  (  i-itancea  of  inauy  of  these  remote  orbs, 
is  probably  the  greatest  triumph  of  modem  prac- 
tical astronomj'.  The  parallax  of  a  fixed  star 
siijnifies  the  difference  of  the  directions  along 
which  the  telescope  must  be  pointed,  to  descry 
that  star,  when  we  are  at  opposite  extremities  of 
the  earth's  orbit;  in  other  words,  it  is  the  angle 
subtended  by  the  breadth  of  that  orbit,  as  seen 
from  the  star  in  question.  On  the  first  promul- 
gation of  the  Copernican  system,  this  eminently 
practical  objection  was  raised  by  Tycho, — if  the 
earth  rolls  round  the  sun,  why  do  we  discern  the 
fixed  stars,  at  opposite  periods  of  the  year,  in 
exactly  the  same  apparent  places?  Little  did 
Tycho  dream  that  the  day  would  come,  when 
tenths  of  seconds  of  space  would  be  measurable, 
and  when  his  difficult}'  would,  b}'  such  almost 
incredible  attainments,  be  removed!  With  his 
gigantic  quadrant  before  him— measuring  with 
pain  a  space  of  ten  minutes — he  could  not  be  ex- 
pected to  anticipate  the  proximity  of  an  epoch, 
in  which  a  circle  of  three  feet  in  diameter  would 
be  virtually  divided  into  thirteen  millions  nf  equal 
parts  !  We  cannot  oflfer  even  a  resume  of  these 
long  and  ultimately  successful  etforts  to  detect 
the  parallax  of  the  fixed  stars.  Two  methods 
have  been  resorted  to,  with  equally  satisfactory 
results.  The  parallax  of  a  star  may  be  ascer- 
tained by  its  differences  of  right  ascension  and 
declination,  when  its  position  is  determined  from 
opposite  parts  of  the  earth's  orbit:  but  as  deter- 
mination of  minute  spaces  has,  until  very  recenth', 
been  much  more  accurate  than  onr  determination 
of  minute  periods  of  time,  the  transit  instrument 
lias  not  been  applied  to  this  most  delicate  inquiry. 
As,  however,  the  determination  of  the  abso- 
lute position  of  a  star  within  these  narrow  limits, 
involves  all  the  uncertainties  belonging  to  refrac- 
tion, the  effect  of  parallax  has  been  sought  in 
annual  changes  of  the  relative  places  of  two  stars, 
so  near  each  other  in  the  celestial  concave  that 
their  refraction  might  be  assumed  to  be  identical. 
In  this  latter  way,  the  acute  and  most  accurate 
Bessel,  first  detected  the  parallax  of  sixty-one 
Cyffni.  But  we  claim  for  a  lamented  countryman 
—  the  late  Professor  Henderson  of  Edinburgh — 
the  distinguished  honour  of  establishing  this 
evanescent  element,  for  the  southern  star  a 
Ceniuwi,  by  use  of  the  mural  circle.  Hender- 
son's observations  were  anterior  to  Bessel's,  al- 
though it  cannot  fairly  be  said  that  his  sus- 
picions did  not  require  to  be  confirmed  by  his 
excellent  successor,  Mr.  Maclear.  These  re- 
searches have  been  successfully  followed  up  by 
manv  inquirers.  The  student  who  would  know 
the  full  history  of  the  subject,  as  well  as  the  criti- 
cal nature  of  the  instrumental  research  and  sub- 
sef|uent  discussion  of  results,  must  refer  to  that 
classical  memoir  by  M.  Peters,  ~  "  Jlechcrcln's 
8ur  la  Parallax  des  aoiles  ,  fixes a  memoir  in 
which  every  source  of  possible  fallacy  is  recog- 
nized, and  "its  value  estimated,  with  an  acute 
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tiess  belonging  especially  to  M.  Peters,  and  that 
scrupulousness  of  conscience,  whicli  it  were  desir- 
able, should  belong  to  every  inquirer  in  any  walk. 
M.  Peters  proposes,  as  fixed,  the  following  paral- 
laxes : — 


61.  Cyffnl  0"-3t9. 

»  LvviO  0  -101 

Poliuis  0  -otiT 

1830.  Gvoomb.,   0  ■'nn 

Capellii  0  -OW) 

Arctuius,   0  '127 


•prob.  error  0"-oso 

—  0  •ii.",3 

—  0-0  2 

—  0  -Ul 

—  0  -im 

—  0  073 


The  amount  of  probable  error  in  several  cases 
compared  with  the  determination,  shou-.M,  of 
cour.se,  the  amount  of  uncertainty  atteniltng 
these  determinations;  that  with  regard  to  Capella, 
for  instance,  is  worth  nothing,  tiince  the  date 
of  M.  Peters'  memoir,  many  other  researches 
have  enriched  this  most  difficult  department  of 
astronomy, — none  more  curious  or  interesting 
than  those  in  reference  to  that  remarkable  star, 
1830,  Groombridge.  This  star  has  the  largest 
apparent  proper  motion  yet  known, — no  less 
than  7"  a  year ;  and  the  general  expectation  was, 
that  it  would  yield  a  verj'  large  parallax,  or  be 
found  to  be  very  near  our  solar  system.  Faye 
in  Paris,  Struve  and  Otto  Struve  in  Russia, 
and  finally,  "\Mchmann  of  Konigsberg  (the 
latter  piously  fulfilling  the  wishes  of  the  illustri- 
ous Bessel),  have  all  wrought  at  the  problem. 
But  there  is  no  discussion  of  it  equal  to  Wich- 
mann's — occupying  four  entire  numbers  of  the 
Asironomische  Nachnchten, — an  essay  much  more 
valuable  in  its  criticism  and  explanation  of 
method,  than  even  as  to  its  positive  conclusions. 
Wichmann  establishes  the  parallax  of  the  star 
in  question  to  be  0"-71 — considerably  less  than 
that  of  a  Centauri.  The  memoir  of  M.  Peters 
does  not  conclude,  however,  with  these  separate  or 
individual  determinations,  important  though  they 
are.  He  deduces  generally  that  the  parallax  of 
stars  of  the  second  magnitude,  is  0"'116,  with  a 
probable  error  of  only  0""014.  And  on  the 
ground  of  this  and  other  researches,  M.  Struve 
has  proposed  the  following  table  of  distances :  — 


Apparent 
Uugiiitudo. 

1- 

1-5 

Parallax. 

0"-209 
0  -lUG 

Tears  ooonitieil 
by  Hulit  ill  inv- 
versiiij;  ilu  .'.ii 
remote  regions. 

1.5-5 

19-6 

2- 

2-5 

0  1!6 
0  -093 

2S0 
33-3 

3- 
3-5 

0  -076 
0  -(105 

43-0 
49  7 

4- 
4-5 

0  •n.-)4 

0  •0-17 

60  7 
G9-0 

5- 
5-5 

0  -037 
0  -034 

84-8 
96-6 

6- 
G-5 

0  •n-.>7 
0  -dii 

li'Ol 
137-9 

The  numbers  1,  2,  3,  &c.,  in  the  foregoing  tnbl 
indicate  the  average  places  of  stars  of  theyjr 
second,  third  magnitudes;   the  numbers  1- 
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5.r, 


o-iy,  &c.,  the  boiuiJaiy  lines  between  spheres 
upied  by  the  dillcrent  sizes  of  stars.  Tiie 
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l  othetical  portion  of  the  subject  will  be  dls 
-sed  in  next  section ;  in  the  meantime,  what 
ader  can  contemplate  unmoved,  depths  of  space 
—accessible  to  observation — across  which  liglit 
mot  travel  in  less  than  one  hundred  and  forty 

rs  ! 

But  it  has  been  conceived  that  the  relative 
iths  of  masses  of  stars  may  be  estimated  beyond 
limits  within  which  our  absolute  determina- 
.  n  must  ever  be  confined : — the  table  just  given, 
nloed,  rests  largely  ujjon  this  mode  of  estima- 
i  'li.    The  principle  of  the  method  does  not  at 
rst  sight  appear  open  to  formidable  objection, 
t  is  this— ^^e  various  magnitudes  of  the  stars  are 
I  the  main  owing  to  their  different  distances.  This 
reposition  cannot  be  applied  to  individual  orbs ; 
either,  perhaps,  to  separate  and  limited  groups  ; 
lit  that  it  is  to  a  considerable  extent  applicable  to 
le  masses  of  the  stellar  orbs,  seems  to  follow  from 
ii:*  fact,  that  these  increase  in  number  as  they 
:i;inish  in  magnitude,  at  a  rate,  in  some  cor- 
Siondeuce  with  the  enlarging  capacities  of 
e  spheres  of  space  they  occupy.    There  are 
■0  grave  uncertainties,  however^  attaching  to 
e  employment  of  such  modes  of  estimation.— 
■rst,  if  we  would  infer  distance  from  magnitude, 
Ls  necessary  that  we  have  a  correct  estimation' 

magnitude,  or  a  correct  photometry  of  the 
us.   Unfortunately,  this  important  department 

practical  astronomy  remains  in  a  condition 
ry  far  from  satisfactory.    At  present  there  is 

fixed  or  universal  scale;  and  the  same  ob- 
yer  frequently  varies  in  interpreting  his  own 


referred  to  the  Introduction  to  Struvc's  Mensiirm 
M icrometricie.  Very  valuable  contributions,  as  to 
the  mode  of  determining  the  re]ati\  e  illumina- 
tions, have  recently  been  made  by  Mr.  Dawes, 
and  Professor  Manuel  Jolmson  of  Oxford.— 
Secondly;  an  objection  very  mucli  more  grave, 
however,  is  also  alleged  to  apply.  Are  we  author- 
ized to  assert  that  the  whole  light  emitted  by  a 
star  reaches  the  earth  ?    In  other  words,  is  not 
part  of  that  light  extinguished  or  absorbed  as  it 
tra\  crses  the  interstellar  spaces  ?    If  absorption 
of  this  kind  takes  place,  our  inference  as  to  dis- 
tance, on  the  ground  of  mere  apparent  magnitude, 
would  evidently  greatly  err  by  excess ;  for  the 
stars  must  be  comparatively  near  us.    The  fact 
of  such  absorption  was  first  asserted  by  Olbers, 
on  grounds  which  we  cannot  at  present  dismiss 
as  insufficient.  If  there  were  no  absoi-ption,  these 
bodies  should  all  shine  with  the  same  intriimic 
brightness,  whatever  their  distance: — i.e.,  al- 
though distance  would  diminish  the  guantily  of 
light  they  transmit,  it  would  not  affect  its  qitali/y. 
But  the  smaller  stars  are  also  didler:  their  light 
Aides  through  effect  of  an  increasing  deadness. 
How  is  this  to  be  accounted  for?    Not  by  ab- 
sorption in  our  atmosphere  merelv :  hence,  said 
Olbers,  the  likelihood  of  an  interplanetary  ether, 
and  of  extinction  in  some  proportion  to  the  dis- 
tance of  the  star.    The  opinion  has  recently  beon 
ie\ived  by  M.  Struve,  who  has  supported  it  by 
other  considerations,  which,  however,  we  cannot 
deem  cogent.    And  on  tlie  ground  of  these  con- 
siderations he  has  sought  a  formula  expressive 
of  tlie  brightness  of  a  star  (|)  in  terms  of  its  dis- 
tance X.  If  there  were  no  absorption,  that  briglit- 


No  man  h>,«  lahn,„.o^  .    r""""  ""'^'=^-  ^"-"^re  were  no  absorption,  that  bri"iit- 


■  necessity  of  an  uniformity  than  Sir  John 
rscliel.  The  scale  adopted  bv  this  astronomer 
explained  as  follows  by  himself:— "The  prin- 
le  on  which  I  have  endeavoured  to  proceed  in 
imating  the  relative  magnitudes  of  stars  below 
sixth,  is  that  of  continually  halving  the  ]i"ht 
each  magnitude  to  give  that  of  the  next  1n- 
or  denommation:  so  that,  in  fact,  two  stars  of 
9  th  magnitude,  so  close  together  as  not  to  be 
inguished  from  one,  shall  affect  the  eye  as  a 
,'le  star  of  the  8th."— Struve's  scale  is  different 
■ortUng  to  him  a  star  ha\ing  halfth^  light  of  a 
M  magnitude,  is  counted  of  a  magnitude  only  a 
lower:  what  Sir  John  Herschel  calls  the  8th 
jn.tu.Ie,  in  the  foregoing  passage,  would  with 
ive  be  8^;  and  so  on.  The  following  list 
•^■3  the  names  given  to  equivalent  lights,  by 
e  two  astronomers,  in  the  case  of  the  smaller 


lii^-;::: 

KM  

11"  

Hi  


Ileracbel. 

 II 

 Vi 

 13 

 14 

 15 

 16 

 17 


Struve. 
\■^  

m .... 

i:i  

I3J  .... 

14„  

14J  .... 

15  


llcrschel. 

 I« 

 19 

 20 

 n 

 23 


full  discussion  on  the  subject,  the  student  is 
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square  of  the  distance ;  or 
1 

Struve  puts  forward  as  the  equation 
1 

I  =  ^  •  0-99065P-1 

Assume  the  truth  of  this  equation,  and  we  are 
forced  to  modify  vastly  our  ideas  of  the  profundi  lies 
of  these  orbs.  For  instance,  the  space-penetrating 
powers  of  telescopes  are  reduced,  as  shown  by  the 
subjoined  numbers. 

nerscliel's         Uanpe  irithout 
Toloscopes.  Extinction. 

7  feet  2i9-8  , 

10  —   Hii-i  

First     20  —   423  2  

Second  20  —  side  view  ....Cfi:i-S  '. 

20  —  li-ont  view.. .813  n   ^„„  , 

25  —    l(MO-.i  .'.T.\)  & 

4I>  -    208U-3  3(18-5 

The  difference  is  startling  indeed:  and  aIthou;'h 
Struve's  conclusions  liave  by  no  means  been  'iw- 
cepted  absolutely,  it  is  clear  that  while  such  un- 
certainties remain,  we  are  not  entitled  to  speak 
with  any  confidence  of  the  relative  numerical 
distances  of  the  star.s,  on  tlie  ground  of  the  methtid 
above  described.   Oui-  only  absolute  and  reliable 


Banco  witli 
Extinction. 

 12.-!  2 

 va-2 

 1832 

 2278 

.... 250-7 
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knowledge,  therefore,  comes  through  the  deter- 
niinatinn  of  parallax. 

II.  General  Distributiox  op  the  Fixed 
Stars. — Under  Nebdla,  some  general  facts  are 
stated  regarding  the  irregular  distribution  of  stars 
in  our  galaxy,  and  the  conclusions  early  drawn 
by  Sir  William  Herschel,  as  to  its  form.  Those 
conclusions  did  not  pretend  to  be  other  than  of 
a  very  general  nature,  and  as  such  they  first 
shadowed  forth  a  mighty  truth.  But  since  the 
views  in  question  were  propounded,  the  structure 
of  our  galaxy  has  been  the  subject  of  much  ela- 
borate investigation.  In  attempting  to  unfold 
the  existing  condition  of  the  inquiry,  we  shall 
use  the  language  of  Professor  Nichol,  in  the  last 
edilion  of  his  Architecture  of  the  Heavens,  de- 
scriptive of  those  labours  of  M.  Struve,  in  which, 
with  signal  ingenuity  and  success,  he  has  summed 
up  the  researches  of  Piazzi,  Bessd,  and  Arge- 
larder.    We  are  unfortunately  unable  to  spare 

room  for  the  accompanying  illustrations  "  The 

aim  of  the  Poulkova  astronomer  was  the  follow- 
ing:— Suppose  a  thin  slice  or  disc,  having  the 
great  circle  of  the  equator  in  its  centre,  to  be  cut 
out  of  our  stellar  sphere,  he  desired  to  laj'  down 
from  observation,  the  number  of  the  stars  of  the 
various  magnitudes  which  are  found  in  it,  and 
to  express  also  the  mode  of  their  distribution. 
That  his  results  might  not  be  affected  by  uncer- 
tainties arising  from  our  comparatively  imperfect 
acquaintance  with  remote  regions,  Struve  confined 
himself  within  the  limit  of  stars  of  the  Ninth 
Magnitude  ;  so  that  the  chart  he  gives  is  merely 
the  representation  of  the  contents  of  a  thin  cir- 
cular disc,  whose  radius,  probably,  reaches  to  the 
end  of  existing  perfectly  accurate  inquiry.  But 
notwithstanding  the  limited  nature  of  its  preten- 
sions, it  is  replete  with  interest,  and  profoundly 
suggestive. — In  constructing  his  chart,  M.  Strave 
proceeded  in  the  simplest  way.  By  aid  of  the 
best  catalogues,  he  first  collected  and  arranged, 
according  to  their  magnitudes  and  direction,  all 
the  stars  whose  existence  and  position  have  been 
recorded,  up  to  the  boundarj'  assigned  by  him- 
self; and  by  some  curious  and  ingenious  means, 
he  felt  enabled  to  conclude  how  many  in  each  case 
had  probably  escaped  observation.  The  numbers 
of  the  various  orders  thus  completed,  yielded  an 
approximation  to  their  respective  cZw/unces ;  and 
then  the  astronomer  proceeded  to  shade  the  various 
regions  according  to  their  density  or  richness,  in 
stars.  The  latter  element  was  obtained  as  follows : 
— Taking  the  entire  number  of  stars  belonging 
to  any  magnitude,  he  supposed  them  equally  dis- 
tributed over  the  space  belonging  to  that  order, 
which  gave  him  its  mean  or  average  density,  and 
a  comparison  of  the  actual  number  of  the  same 
magnitude  in  any  hour  of  right  ascension,  with 
this  average,  established  the  comparative  densitj' 
of  such  stars  in  that  hour  or  direction.  For  in- 
stance, there  are  37,739  stars  of  the  ninth  magni- 
tude, which,  divided  by  twenty-four,  gives  1,572 
as  the  average  or  mean  density  of  this  order ;  the 
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density  that  would  characterize  each  hour,  if  ths 
stars  had  been  uniformly  distributed.  But  in  the 
first  hour,  there  are  only  1,08-1  of  such  stars; 
while  in  the  sixth,  we  have  3,318.  Compared 
with  the  mean,  then  the  density  of  that  first  hour 
is  represented  by  0'C89,  or  about  ^  the  adopted 
average  or  unit ;  while  in  the  sixth  hour,  it  is 
2-11.  Shadings  in  their  proper  places  on  tbe 
chart,  of  brightness  proportional  to  the  two  num- 
bers f  and  2-11,  will  thus  exhibit  the  construc- 
tion of  these  two  regions  of  the  sphere ;  and  a 
similar  method  enabled  M.  Struve  to  represent 
graphically  the  actual  plan  of  the  heavens,  in  all 
regions,  and  with  reference  to  every  order  of  stars. 
We  shall  now  study  this  remarkable  chart,  in 
reference  to  the  grander  truths  it  shows  forth. — 
I.  It  will  not  escape  notice,  that  while  charac- 
terized by  a  general  uniformity,  or  rather  by  a 
strongly  marked  plan,  certain  minor  irregulari- 
ties, especially  within  the  sphere  of  stars  of  the 
sixth  magnitude,  are  likewise  very  distinctly 
manifested.  These  irregularities  are  not  ex- 
plained by  any  system  hitherto  apprehended 
Spots  of  light  in  one  place,  comparatively  faint 
districts  elsewhere, — they  indicate  in  the  heavens 
a  variety  characteristic  of  all  nature;  and,  as  we 
shall  discern  afterwards,  this  too — even  amid 
forms  so  august — may  originate  in  such  pro- 
cesses of  change,  as  diversify  and  stamp  with 
the  cheerfulness  of  life  every  other  explored  por- 
tion of  the  universal  order. — II.  Passing  by  all 
partial  irregularities,  however,  our  attention  be- 
comes fixed  on  the  main  feature  of  Stnive's  chart 
— viz.,  that  grand  irregularity,  expressive  of  an 
extraordinary  condensation  of  stars,  along  a  belt, 
or  strijje,  crossing  the  whole  disc,  between  the 
sixth  and  eighteenth  hours  of  right  ascension. 
Not  only  is  that  belt  the  densest  portion  of  tl/e 
disc,  but  as  we  withdraw  from  it  to  either  side, 
stars  of  all  orders  become  dimmer ;  for  instance, 
the  line  or  diameter  from  hour  I  to  hours  XIII, 
or  its  neighbourhood,  is,  as  a  whole^  the  faintest 
in  the  sphere.  This,  then,  in  so  far  as  its  equa- 
torial disc  is  concerned,  is  the  leading  district  cf 
our  stellar  system; — a  stripe,  or  belt,  towards 
which  stars  of  all  magnitudes  have,  by  some 
potent  infiuence,  been  concentrated.  And,  if 
Struve  had  portrayed  in  a  similar  manner  all 
other  discs  above  and  below  this  equatorial  one, 
as  far  as  the  poles  of  our  system,  his  maps  wonW 
haveexhibited  predominatuigbeltsrunning  acr^^ 
every  one  of  them,  belts  so  corresponding  to 
first  one,  and  to  each  other  in  position,  that  * 
could  be  laid  above  each  other,  and  made  to  fortBi' 
as  a  whole,  one  continuous  solid  slice,  standing 
upon  the  equatoiial  disc,  and— rising  upwards 
somewhat  obliquely— penetrating  all  the  sphere. 
It  is  not  without  considerable  difficulty  that  minds 
not  habituated  to  representations  of  solid  fignre, 
can  cotntirehend  the  exact  significance  of  a  de- 
scription like  this ;  on  which  account,  and  because 
of  the  paramount  importance  of  the  conception 
we  would  impress,  we  shall  take  assistance  frqffi 
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a  homely  illustration.    Place  before  the  e3'e  an 
orilinary  celestial  or  terrestrial  globe ;  fancy  that 
a  wooden  horizon  of  some  thickness  is  made  to 
pass  through  the  globe,  or  to  be  cut  out  of  it ; 
and  an  idea  will  be  had  of  the  equatorial  disc 
pictured  by  M.  Struve.    Again,  let  another  sec- 
tion be  imagined  along  the  direction  of  the  brazen 
meridian,  so  that  a  thick  slice  be  cut  from  that 
portion  of  the  globe,  it  will  nearly  correspond  with 
the  massive  region  to  which  I  am  now  refen-ing, 
that  region  of  our  stellar  system,  which  seems  to 
include  the  largest  proportion  of  its  luminaries  of 
every  order ;  and  which,  if  we  were  to  fancy  it 
accompanied  laterally  by  stars  strewn  compara- 
tively sparsely  through  the  neighbouring  spaces, 
would  give  no  very  false  idea  of  the  chief  feature 
of  that  grand  sidereal  sphere  whose  radius  reaches 
to  the  depth  occupied  by  orbs  of  the  ninth  mag- 
nitude.— III.  On  turning  again  to  the  skies,  in 
search  of  traces  there,  of  the  dense  mass  whose 
existence — as  a  rich  vein  through  our  galaxy — 
careful  observation  has  thus  disclosed,  we  imme- 
diately hght  on  the  Milky  Way.  This  zone  crosses 
the  equator  preciselj'  at  these  two  points  at  which, 
in  Struve's  chart  we  detect  the  belt  of  greatest 
lustre;  so  that  the  former  phenomenon  is  merely 
the  prolongation  and  external  picture  of  the  other. 
Concerning  the  Milky  "Way  then,  farther,  and, 
in  so  far,  very  distinct  statements  may  be  now 
hazarded.  If  from  the  sides  of  that  superb  girdle, 
planes  be  supposed  stretched  across  the  sky,  they 
would  enclose,  as  by  gigantic  walls,  a  space  of 
shape  like  a  common  grindstone ;  and  within  this 
enclosure  is  the  dense  region  of  the  starry  hea- 
vens.    On  referring  back  to  the  chart  of  M. 
Struve,  it  is  found  that  the  sun  is  not  quite  in 
the  centre  of  the  space  between  these  planes,  but 
at  a  distance  from  it,  ascertained  to  be  nearly 
equal  to  that  which  separates  stars  of  the  second, 
from  those  of  the  third  magnitude ;  so  that  we 
look  at  it,  not  from  within  it,  but  from  a  position 
outside  of  it.  It  will,  of  course,  not  be  overlooked, 
that  the  questions  remain,  what  is  the  nature  and 
extent  of  those  lateral  spaces  or  those  fainter  dis- 
Wcts  of  Struve's  sphere:  and,  how  deeply — if  that 
«epth  can  be  measured — does  the  dense  belt  itself 
stretch  before  and  after  towards  immensity  ?  The 
lirst  inquiry  can  fortunately  be  replied  to  with  some 
confidence— M.  Struve,  as  before,  furnishing  the 
raeans.    It  will  appear  tliat  if  zones,  parallel  to 
the  belt  of  greatest  density,  were  compared  with 
each  other,  the  more  distant  would  be  found  al- 
ways the  fainter,  or  the  less  rich  in  stars.  Nay, 
'Ills  diminution  is  so  certain  and  determinate, 
that  the  Prussian  astronomer  has  been  able  to  as- 
certain its  law ;  a  law,  whose  form,  indeed,  seems 
complex — that  form,  we  mean,  in  which  alone  we 
can  at  present  express  it — but  whose  existence 
snows  how  emphatic  is  the  fact,  that,  as  we  pass 
laterally  away  from  the  central  stripe  or  disc  of 
O'lr  cluster,  the  distances  between  tlie  stars  are 
'ound  augmenting,  Jmt  as  luith  the  parlides  of 
'^r  atmosphere  among  its  hiyher  reyions.  In 
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cases  like  the  present,  it  is  never  safe  to  pass,  on 
the  strength  of  mere  analogy,  beyond  the  sphere 
of  positive  obsen-ation ;  so  that  it  were  wrong  to 
rely  absolutely  on  indications  given  by  any  such 
law,  as  to  the  existence  of  a  Limit — that,  too, 
not  far  off — across  which  onr  s^'stem  has  no 
lateral  extension ;  the  dark  ocean  of  space  lyitig 
there  fathomless,  washing  its  shores:  but  we 
hesitate  not  to  record  our  belief,  that  the  mys- 
terious boundary  has  been  visited,  and  tliese 
staiTy  fields  passed  through  by  telescopic  energy'. 
To  clear  all  doubt  away,  to  follow  the  irregular 
coasts  of  our  cluster,  in  its  shallowest  regions ; 
to  survey  its  gulfs  and  headlands,  and  chart  their 
forms, — these,  with  other  gi'and  achievements, 
await  the  application  of  the  superb  powers  calle  l 
recently  into  being  by  the  genins  of  the  noVde 
observer  at  Parsonstown. — IV.  The  arduons  ques- 
tion, however,  yet  remains — one  whose  solution 
will  task  the  loftiest  energies  alike  of  mind  and 
art.  Through  those  untrodden  paths  of  the  Milky 
Way,  can  we  pass  with  secure  foot  ?  Is  the  starry 
demesne  endless  there,  or  can  the  sounding  lines 
of  human  thought  and  vision  cope  with  its  pro^ 
fundi  ties?   I  believe  that  in  his  earlier  papers — • 
having  as  yet  no  mistrust  in  the  majestic  instru- 
ment he  had  created — our  immortal  conntr^vman 
spoke,  with  an  excess  of  conlidence,  in  his  gaug- 
ing powers;  but  that  he  duly  appreciated  the 
extension  of  the  wonderful  zone  which,  lirst  of 
all  men,  he  had  dared  to  propose  analyzing,  ap- 
pears elsewhere  quite  as  clearly  as  in  his  remarks 
on  the  intractable  depths  of  the  spot  in  Perseus. 
The  present  condition  of  the  inquiry  will,  I  tnist, 
appear  from  the  following  considerations  : — First. 
When  an  eye  is  directed  towards  a  prolonged 
bed  of  stars,  there  is  no  reason  to  fancy  that  it 
has  reached  the  termination  of  that  stratum,  so 
long  as  there  appears  behind  the  luminaries, 
which  are  individually  seen,  any  milky  or  ne- 
bulous light ;  such  light  most  probably  always 
arising  from  the  blended  rays  of  remoter  masses. 
But  if,  after  struggling  long  with  a  nebulous 
ground,  we  obtain  a  telescope  that  gives  us  ad- 
ditional stars  with  a  perfectly  Mack  sky ;  we  then 
have  every  reason  the  circumstances  can  furnish, 
on  behalf  of  the  supposition,  that  at  length  w'e 
have  pierced  through  the  stratum ;  a  probability, 
indeed,  which  can  be  converted  into  certiunty 
only  in  one  way — viL.,  when  no  increato  of  orbs 
follows  the  application  of  a  still  larger  instru- 
ment.   This  latter  test  is  absolute :  it  intimates 
a  decisive  exhaustion  of  the  bed  of  stars ;  though 
it  can  be  employed  but  rarely,  in  cases,  demand- 
ing even  for  their  imperfect  investigation,  the 
largest  accessible  telescopes.    When,  however, 
an  observer  of  sound  and  reliable  judgment — 
one  duly  exercised  in  these  most  delicate  inquiries 

 vouches  for  the  entire  dissipation  of  nebulous 

back  ground,  I  consider  his  assertion  virtually 
conclusive  ol'  the  point;  for  though  we  may  not 
even  then  venture  to  conclude  on  the  absoluto 
and  immediate  termination  of  the  stellar  clusier 
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4t  a  certain  special  depth,  we  are  assuredly  au- 
thorized to  infer  a  diminution  of  its  densilrj  so 
signal  and  rapid,  that  the  proximity  of  a  limit 
may  safely  be  assumed.  The  phenomenon  now 
alluded  to  is  far  from  strange;  it  cannot  be  un- 
familiar to  any  one  ■^vho,  with  the  aid  of  exten- 
sive powers,  has  looked  thoughtfully  into  the 
Milky  Way;  and  Sir  John  Ilcrschel,  in  his  re- 
cent very  interesting  anal^'sis  of  that  zone,  has 
adduced  the  occurrence  of  such  perfectly  black 
ffrnuiids,  as  bearing  irresistibly  on  the  point  at 
issue — viz.,  our  ix)wer  to  exhaust  in  certain 
places  the  riches  of  our  stratum. — Secondly.  At 
times,  when  this  black  ground  has  been  reached, 
and  also  in  other  cases  before  it  has  been  reached, 
another  verj'  remarkable  phenomenon  appears. — 
In  a  field  of  view  lit  up  with  the  splendours  of 
the  IMilky  Way,  the  eye  sometimes  discerns  across 
tliese  lights — deep,  apparently,  in  onward  space 
— a  cluster  of  stai-s,  of  trifling  superficial  extent, 
l)ut  intense  richness ;  and  as  there  appears  no  trace 
of  continuity  between  the  magnitudes  of  the  orbs 
composing  it  and  those  ua  the  stratum  through 
which  we  are  looking,  we  are  constrained  to 
infer  that  this  cluster  of  stars  is  really  isolated; 
that  between  it  and  the  IMilky  Way  there  is  a 
vast  interval  of  untenanted  space;  and,  there- 
ftire,  that  in  this  locality  we  have  pierced 
beyond  the  termination  of  our  galaxy.  The 
principle  now  employed  is  a  very  fertile  one. 
Its  authority  is  evidently  co-extensive  with  our 
fundamental  proposition — that  the,  distances  of 
the  stars  are  rouijhly  indicated  by  their  mayni- 
tiides;  and  a  slight  reflection  will  show  that 
it  must  reveal  to  careful  inquiry  not  merely  the 
termination  of  a  prolonged  stratum,  beyond  which 
an  isolated  cluster  is  found  to  lie ;  but  also  all 
irregularities  within  that  stratum  itself — a  par- 
tial irregularity,  a  break  or  vacuity.  Dr.  Robin- 
son mentions  two  occasions  on  which  clusters  thus 
singularly  associated  appeared  to  him,  while  using 
the  great  reflector  at  Parsonstown ;  and  he  speaks 
of  them  with  especial  interest,  because  of  the  light 
they  cast  on  the  structure  of  the  Milky  Way. 
If,  however,  that  vast  instrument,  with  all  the 
immensity  of  its  range,  can  produce  evidence, 
nothing  more  than  probable,  that  it  has  sounded 
the  galaxy;  through  depths  how  inconceivable 
must  our  bed  of  stars  stretch  out,  in  those  its 
more  brilliant  regions!  And  how  overwhelming 
the  thouglit,  which  first  grew  up  in  the  mind  of 
the  veteran  Herschel,  that,  after  all,  this  is  no 
more  than  a  speck,  an  islet  on  the  breast  of  the 
gi-eat  sea! — It  cannot  be  doubted,  we  think,  that 
the  truths  now  unfolded,  are  in  entire  consonance 
with  the  general  views  of  the  illustrious  founder 
of  sidereal  astronomy,  as  to  the  structure  of  our 
galaxy.  That  the  galaxy  is  a  limited  cluster, 
comparatively  shallow  laterally,  while,  in  the 
direction  of  the  Milky  Way,  it  stretches  inde- 
finitely onwards,  are  propositions  seemingly  as 
nearly  demonstrated  as  it  \vere  reasonable  to 
expect  iu  inquhies  of  tliis  nature;  but,  further 


than  the  broad  statement,  that  we  are  in  the 
midst  of  a  stratum,  which,  viewed  from  abo\  e. 
might  have  an  aspect  corresponding  in  so  far 
with  many  external  nebula; — we  presume  Her- 
schel himself,  would  not  at  present  have  been  in- 
clined to  adventure.  It  is  possible,  however,  to 
obtain  a  more  accurate  conception  of  the  in- 
ternal structure  of  this  extraordinary  stratum ; 
with  which  aim,  we  shall  request  attention  to 
certain  additional  remarks. — 1.  The  illustration 
which  presents  the  Milky  Way  within  the  re- 
gion of  stars  of  the  ninth  order,  as  a  solid  mas- 
sive disc,  rising  obliquely  from  the  equatorial 
plane,  requires  considerable  modification.  We 
find,  from  our  best  catalogues,  that  the  density 
of  the  stars  does  not  augment  with  signal  rapidity 
in  the  neighbourhood  of  theMUky  Way,  uutO  we 
have  gone  onwards  to  the  sphere  of  the  smaller 
mcynitudes.  Nearer  us  than  the  sphere  of  orbs 
of  the  sixth  order,  for  instance,  we  detect  no  very 
remarkable  accumulation  in  the  Hue  of  the  pre- 
dominating belt;  there  is  enough,  perhaps,  to 
reveal  the  existence  of  an  aggregating  influence, 
within  the  plane  of  that  belt;  but  the  central 
part  of  the  disc  is  far  from  being  a  reyular  con- 
tinuation itiwards,  of  the  masses  in  the  Milky 
Way.  It  is  after  we  pass  the  eleventh  or  twelfth 
order  of  distances  only,  that  anj'  extraordmary 
inciease  of  relative  density  marks  those  regions; 
intimating,  apparently,  that  then  we  are  touching 
the  interior  surface  of  something  like  a  ring  or 
anmdus,  encircling  the  spaces  contaming  our  sun 
and  the  luminaries  near  him :  nor,  in  so  far  as 
this  is  concerned,  would  we  be  greatly  in  error 
in  suspecting  that  the  stellar  scheme  to  which 
we  belong,  may  be  allied  to  the  singular  annular 
forms  portrayed  in  Plate  IV.,  only  that  the  central 
regions  of  many  of  those  figures  are,  iu  the 
main,  less  rich  than  ours  in  stars. — 2.  But  we 
are  not  permitted  to  believe  that  the  conception 
of  it  as  a  gigantic  and  most  gorgeous  ring,  would 
solve  all  the  peculiarities  of  our  great  galaxy ; 
for  a  narrower  scrutiny  of  its  structure  banishes 
from  it  all  appearance  of  regularity.  It  is,  indeed, 
only  to  the  most  careless  glance,  or  when  \newed 
througli  an  atmosphere  of  imperfect  transparency, 
that  the  Milky  Way  seems  a  continuous  zone. 
Let  the  naked  eye  rest  thoughtfully  on  any  part 
of  it,  and  if  circumstances  be  favourable,  it  will 
stand  out  rather  as  an  accumulation  of  patches 
and  streams  of  light  of  every  conceivable  variety 
of  form  and  brightness;  now  side  by  side;  now 
heaiicd  on  each  other ;  again  spanning  across  dark 
spaces,  intertwining  and  forming  a  most  curious 
and  complex  network;  and  at  other  times  dart- 
ing off  into  the  neighbouring  skies  in  branches 
of  capricious  length  and  shape,  which  gradually 
thin  away  and  disappear.  The  appearance  of 
thi.s  wonderful  stream  is  so  complicated  that  the 
inquiry  iis  to  its  significance  may  seem  next  to 
hopeless.  There  is  one  very  prevalent  and  not 
unnatural  conception  of  which  the  student  must 
dispossess  his  mind  at  the  outset,  as  a  lirst  essea- 
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tial  to  any  comprehension  of  these  marvels.  The 
masses  he  sees  in  the  Milky  Way  are  not,  as  on 
(he face  of  a  picture,  necessarily  either  at  the  same 
distance  from  him,  or  connected  mth  each  other. 
He  is  looking,  on  the  contrary,  deep  into  space ; 
and  these  luminous  forms  are  the  contents  of 
space  presented  according  to  the  laws  of  the  only 
possible  perspective.  A  dim  streak,  for  instance, 
is  probably  not  dim  in  itself,  or  less  gorgeous 
than  the  brighter  one  it  seems  to  cross ;  but  only 
a  branch  of  our  most  complex  system,  at  some 
inconceivable  remoteness,  lying  athwart  the  field 
of  view — a  portion  of  one  of  its  far-off  convolu- 
tions. That  this  is  an  accurate  interpretation,  is 
amply  confirmed  by  any  telescope  capable  of  dis- 
solving these  various  masses  into  discrete  stars ; 
for  the  magnitudes  of  the  bodies  composing  them 
are  neither  corresponding  nor  continuous ;  they 
belong  to  orders  indicating  very  diflferent  pro- 
fimdities  in  space.  The  view  we  enjoy,  in  fact, 
is,  in  its  chief  characteristics,  not  unlike  what 
■would  appear  were  a  spectator  near  the  centre 
of  a  superb  spiral  nebula,  looking  towards  its 
circumference:  there,  as  to  us,  branching  and 
rounded  light  clouds,  of  all  degrees  of  remoteness 
and  comparative  brightness,  would  be  presented 
in  one  mass  before  the  eye ;  reason  alone  could 
disentangle  the  complex  appearances,  and  reveal 
their  relations  as  to  distance.  Thus  regarded,  our 
surrounding  zone  is  revealed  in  its  true  magni- 
ficence ;  interminable  in  its  splendour,  and  bafiling 
all  analysis.  In  that  peculiar  state  of  our  atmo- 
sphere when  the  cumulus  cloud  predominates, 
ranges  and  banks  are  usually  seen,  rising  above 
and  behind  each  other  in  gorgeous  perspective, 
building  up  a  noble  and  endless  landscape  of 
such  hues  and  forms  as  occupy  one's  dreams: 
such,  even  thus,  would  appear  our  Milky  Way, 
if  at  a  breath  its  surface  should  part,  and 
through  the  opening,  we  saw  its  ascending 
cumuli  of  star  clouds,  stretching  away  in  un- 
rivalled glorj',  higher  and  higher  up  to  where 
man's  eye  shall  never  reach  them,  or  his  most 
vaulting  imaginations  break  in  on  their  repose. — 
Lastly,  One  other  fact  connected  with  our  system, 
remains  to  be  noticed — one  especially  dwelt  on 
by  Sir  John  Herschcl — in  that  work  on  the 
Southern  Sides,  in  which  he  has  worthily  closed 
the  greatest,  most  complete,  and  most  classical 
series  of  inquiries  yet  possessed  by  sidereal  astron- 
omy. On  the  background  of  the  sky,  in  regions 
not  apparently  connected  either  with  the  Milky 
Way,  or  any  foreign  cluster,  this  acute  observer 
has  been  frequently  called  on  to  remark,  instead 
of  that  perfect  darkness  usually  characterizing 
recesses  which  no  star  illumines,  "  an  exceedingly 
delicate  and  uniform  dotting,  or  stlppUnrj  of  tlie 
field  in  view,  by  points  of  light  too  small  to 
admit  of  any  one  being  steadily  or  fixedly  ex- 
amined, and  too  numerous  for  counting,  were  it 
possible,  so  to  view  them."  He  has  specified  no 
fewer  than  thirty-seven  places  distinguished  by 
thia  strange  and  evanescent  presence,  the  shadow 
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as  of  some  far  away  reality,  or  light  blusliing 
through  darkness.  The  phenomenon,  indeed,  is 
so  faint,  that  he  says,  "  The  idea  of  illusion  has 
continually  arisen  subsequently ;"  but  as  to  its 
reality,  it  is  enough  to  read  from  Sir  John's 
note_  book,  "  I  feel  satisfied  the  stippling  is  no 
illusion,  as  its  dark  mottling  moves  with  the 
stars  as  I  move  the  tube  to  and  fro ;"  and  more 
that  is  similar.  What  are  these  fresh  intima- 
tions from  beyond  abysses  so  awful?  On  ex- 
amining, by  aid  of  a  stellar  chart,  whether  the 
patches  of  light  could  be  grouped  in  any  con- 
sistent or  intelligible  manner,  the  same  astron- 
omer found  that,  with  the  exception  of  three  that 
appear  oiitlying  and  disconnected,  they  form 
several  distinct  but  contmuous  streams;  and  it 
seems,  therefore,  that  as  they  must  be  held  to  be 
staiTy  regions  of  great  extent  and  excessive 
remoteness,  we  are  constrained  to  consider  them 
branches  or  arms  of  the  sj'stem  of  our  Milky  Wav, 
amid  depths  to  which  no  adventurous  conception 
ever  penetrated  before.  It  is  far  from  the  least 
singular  of  these  recent  revelations  of  Lord  Rosse, 
that,  attached  even  to  the  simplest  and  most 
regular  shapes  of  the  external  clusters,  are  stray 
filaments,  dim  and  sparse,  gi-oping  outwards,  as 
it  were,  from  the  mass  of  the  system,  into  sur- 
rounding vacancy ;  are  those  such  arms  attached 
laterally  to  the  principal  regions  of  our  galaxy, 
or  are  they  portions  of  its  general  structure,  pierc- 
ing into  vacuities  yet  more  wild  and  perilous, 
and  carrying  its  relations  onwards  towards  the 
sphere  of  other  systems  ?  Whatever  their  char- 
acter or  function,  all  hope  of  giving  form  or 
definite  outline  to  the  Milky  Wav,  now  neces- 
sarily disappears;  we  are  dealing  with  magni- 
tudes so  vast,  so  transcending  comparison  witli 
any  palpable  unit,  that  they  merge  into  what  is 
formless. 

III.  Proper  Motions  of  the  Stars.  

Under  Sun,  the  circumstances  have  been  al- 
luded to  that  led  to  the  definite  discovery  of  the 
grand  motion  of  translation  of  our  luminary. 
Not  only  is  it  most  improbable,  that,  alone  of  all 
the  stars,  our  sun  moves  in  some  gigantic  orbit ; 
but  the  discovery  of  the  latter  fact,  involved  the 
discovery  of  proper  motions  in  the  stars  also.  The 
reality  and  direction  of  the  Sun's  path,  is  estab- 
lished by  the  circumstance,  that  the  stars  en  masse 
seem  drifting  in  a  certain  direction, — that  is  to  sav, 
the  sumof  their  apparent  motions  is  of  this  nature  • 
and  that  sum  is  so  clear,  that  no  doubt  remains 
as  to  its  reality.  But  each  single  star  does  not 
drift  in  this  way.  On  the  contrary,  taking  them 
individually,  they  seem  to  move  very  irregu- 
larly; and  the  irregularity  establishes  and  ex- 
presses the  existence  of  proper  motions  for  each 
star.  To  detect  the  amount  of  their  proper  mo- 
tions, the  effect  of  the  Sun's  motion  nnist  be 
eliminated  from  the  apparent  changes  of  place 
discerned  in  each  star  ;  the  residue  is  the  quan- 
tity we  desire.  Thanks  to  the  astonishing  per- 
fection of  modern  astronomical  instruments  these 
1.  3  F  '  ' 
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.ill  but  evanescent  motions  are  so  well  estab- 
lished in  the  case  of  very  many  stars,  that  an 
ingenious  Inquirer,  to  ■whom  obseiTation  owes 
nnich,  has  deemed  it  not  premature  to  offer  a 
remarkable  speculation  regarding  the  nature  of 
the  grand  galactic  system,  of  which  such  proper 
motions  are  the  indications.  According  to  Maed- 
ler  of  Dorpat,  the  star  Alcyone — the  principal 
orb  in  the  Pleiades — is  at,  or  very  near,  the 
centre  of  gra\nty  of  all  the  stellar  orbs  —  the 
point  around  which  the  Sun  and  his  innumer- 
able companions  are  performing  their  revolutions. 
He  tells  us,  that,  as  a  consequence  of  his  theory, 
the  Sun's  distance  from  the  centre  of  his  orbit, 
is  thirty-four  millions  of  times  the  radius  of  the 
orbit  of  the  Earth,  and  that  the  duration  of  his 
course  is  about  19,250,000  years!  Astonishing 
conclusions !  But  the  speculation  of  M.  Maedler 
in  nowise  overtakes  the  complicacy  or  reaches 
the  elevation  of  the  actual  case.  The  curious 
concurrence  of  motions  on  which  he  founds  it, 
may  have  some  peneral  and  even  important 
cause ;  but  the  affections  of  all  the  orbs  he  has 
examined,  though  these  were  augmented  an 
hundredfold,  can  in  nowise  be  assumed  as  a  key 
to  the  mysteries  of  our  extraordinary  galaxy. 
Situated  exclusively  within  a  sparse  district 
enclosed  by  the  ring  of  the  Milky  Way,  these 
stars  are  but  a  few  even  of  the  orbs  which  are 
scattered  there ;  and  towards  the  massive  annu- 
lus  itself,  far  less  amid  its  wonderful,  its  be- 
wildering prolongations,  observation  has  not 
stretched  at  all,  or  taken  account  of  the  proper 
motion  of  its  luminaries.  It  is  as  if  at  a  star 
near  the  centre  of  the  great  spiral  of  Plate  IV., 
an  Inquirer  had  descried  some  orderly  system 
comprehending  the  orbs  which  are  there  disposed 
with  comparative  regularity,  and  forgot  there- 
upon the  intractable  and  yn\t\  complexity  of  the 
object,  of  which  the  central  mass,  however  great 
in  itself,  is  but  an  insignificant  portion.  Im- 
mersed in  the  interior  of  the  Nebula,  the  skies 
over  his  head,  sparlding  with  the  stars  he  knows 
best,  that  astronomer  might  for  a  moment  encour- 
age such  delusion ;  remove  him,  however,  to  the 
height  from  which  we  inspect  his  galaxy,  show 
him  its  fantastic  arms  thronging  with  star-clouds, 
each  one  of  which  miglit  be  mistaken  for  a  uni- 
verse; cover  with  your  finger  tlic  little  circle 
beyond  which  he  knows  the  proper  motion  of  no 
star,  and  assuredly  the  ambition  will  endure  with 
him  no  longer !  Maedler  has  not  succeeded,  nor 
are  we  sure  that  the  success  he  sought,  will  ever 
be  attained.  Achievements  like  these  belong  to 
that  lofty  class,  concerning  whose  realization  it 
were  as  "  unwise  to  be  sanguine"  as  it  would  be 
"  unphilosophical  to  despair." 

Smi-s  MiiUipIc.  These  stars  are  apparently 
gi-oups  of  individual  stars  exceedingly  close  to 
each  other — so  close,  in  many  cases,  that  the 
separation  between  them  cannot  be  discerned 
without  the  aid  of  the  telescope.  They  are 
divided  into  class'a  according  to  tlieir  complexity; 
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hence  we  have  Double  Stars,  Triple  Stars, 
&c.,  &c.     On  discovering  that  multitudes  of 
apparent  double  combinations  exist,  far  beyond 
what  could  be  expected  from  mere  chance,  or 
optical  conjunction, — that  is,  from  the  occurrence 
of  one  star  nearly  in  the  same  visual  line  with 
another, — Sir  William  Herschel  had  recourse  to 
the  reasoning  employed  long  before  by  Michel, 
and  ventured  the  bold  but  most  fortunate  pre- 
diction, that  these  objects  would  be  found  to 
be  in  physical  union,  forming  revolving  sys- 
tems.  The  same  consideration  has  been  abso- 
lutely relied  on  and  extensively  employed  by 
M.  Struve;  nor  was  its  validity  called  in  ques- 
tion, until — comparatively  recently — strong  ob- 
jections were  started  by  Professor  J.  D.  Forbes. 
The  scientific  diflSculty,  in  so  far  as  this  special 
application  of  the  doctrine  of  probabilities  is  con- 
cerned, seems  to  have  been  settled  by  Professor 
Boole  of  Cork,  one  of  our  best  mathematicians 
and  most  judicious  thinkers.    He  lays  down 
this  proposition  as  applicable  to  the  case, — "  If 
the  probability  of  an  indicative  law  of  distribu- 
tion, and  the  consequent  existence  of  a  double 
star,  is  greater  than  the  probabiUty  in  favour  of  a 
random  distribution,  and  a  consequent  absence 
of  double  stars,  then  the  probability  in  favour  of 
an  indicative  law  of  distribution,  granting  the 
existence  of  a  double  star,  is  stronger  than  the 
probability  against  a  douljle  star,  granting  the 
hypothesis  of  a  distribution  at  random."  Con- 
strained to  agree  with  Professor  Forbes,  that  the 
numerical  conclusions  reached  on  this  subject  are 
not  defensible,  we  consider  it  clear  that  a  pro- 
bability, such  as  that  indicated  by  Michel  and 
Hei-schel,  unquestionably  exists;  at  all  events, 
the  belief  in  it  led  to  discoveries  than  which 
none  in  modem  times  are  more  brilliant  and 
interesting.    The  student  who  would  follow  the 
course  of  research  concerning  the  double,  triple. 
&c.,  stars,  should  study  the  memoirs  and  ^vriting3 
of  Herschel,  South,  Struve,  Dawes,  Villarceau, 
&c.,  &c.,  unfortunately  much  scattered  thi-ough 
the  Transactions  of  our  scientific  societies.  The 
great  practical  work  is  undoubtedly  Struve's  Men- 
surce  Micrometi'icce,    Our  limited  space  confines 
us  in  this  place  to  a  few  brief  notices  of  the  lead- 
ing results  of  such  inquiries. 

1.  The  existence,  or  rather  the  prevalence  "f 
orbital  motions  among  these  remarkable  com- 
binations is  established  beyond  all  doubt.  Nay. 
the  periods  of  revolution  are  fixed  in  many  casc>. 
and  ajiproximated  to  in  others.  The  periods  of 
the  following  binary  combinations,  are,  as  they 
are  stated,  correct,  within  small  limits  of  error:  — 

{  Herculis,   30  years. 

5  Ursa;  Majoris,   CI  — 

p  Ophiaclii,   74  — 

a.  Centauri,   77  — 

y  Virgiiiis,   169  — 

Castor   153  — 

<r  Coronic  ,   G08  — 


If  wc  could  aflbrd  time  to  pass  into  the  fields  of 
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highly  probable  conjecture,  we  shoul  I  come  into 
presence  of  far  vaster  periods.    The  great  year 
of  Alcor,  Mizar,  and  tlie  small  star  near  them,  can- 
not be  less  than  180,000  of  our  years,  while  that 
of  the  quadruple  s  Lyraj,  must  exceed  500,000  ! 
How  inconceivable  the  periods  then,  that  shall 
represent  the  completion  of  one  cycle  of  such  a 
group  as  the  Pleiades :  we  utterly  shrink  from 
raising  our  thoughts  to  one  of  the  multitudes  of 
groups  in  the  Milky  Way ! 
_  2.  The  energy  obeyed"  by  these  gigantic  mo- 
tions, is  undoubtedly  that  very  force  of  gravity 
which  controls  all  movements  within  the  solar 
system.    These  orbs  move  in  Ellipses,  ar.d  Kep- 
ler's Law  of  the  Areas  is  also  recognizable  as  the 
principle  of  their  velocities.    So  surely  is  this 
ascertained,  that  the  government  of  graWtation 
is  assumed,  in  every  eflFort  to  establish  the  special 
orbits  of  the  various  groups.    One  circumstance, 
however,  distinguishes  these  motions  from  all 
that  we  have  detected  as  characteristic  of  the 
orbits  of  our  planets.    The  orbits  of  the  planets 
and  their  satellites  are  almost  circular,  or  ellipses 
of  very  small  eccentricity ;  while  the  curves  of 
the  double  stare  have  every  degree  of  elongation 
— challenging  the  freedom  of  the  comets.  The 
orbits  in  the  case  of  a  Centauri  and  y  Virginis, 
are  especially  eccentric,  so  that  at  opposite  periods 
of  their  cycles,  the  two  connected  suns  must  be 
very  close  to  each  other,  and  veiy  far  apart.  If 
each  of  these  suns  is  attended  by  planets,  how 
extraordinary  the  physical  condition  of  these 
planets,  and  how  inextricable  their  mechanical 
relations !    Besides  passing  through  the  varying 
chraates  of  a  year,  depending  on  its  revolution 
around  its  own  luminary,  every  planet  of  either 
:  system  must  undergo  the  changes  of  another 
'  cycle,  whose  course  is  the  great  period  of  the 
i  bmary  system,  and  which,  at  one  of  its  terms, 
I  must  subject  it  to  the  influences  of  two  suns  al- 
imost  in  contact.    Under  this  view,  raise  our 
t  thoughts  somewhat  higher— to  such  a  triple 
5  system  as  ?  Ccma-i.    Restricting  attention  to 
ttwo  of  the  stars,  whose  period  is  fif  tv-eight  years, 
^we  find,  as  we  have  just  said,  two  sets  of  seasons 
1  inseparably  intermingling.    The  course  of  the 
« shorter  year  of  a  planet  rolling  around  one  of 
t  these  suns,  may  be  reckoned  an  incident  only 
*a  recurring  variety  within  that  larger  year,' 
■'Which  doubtless  comprehends  many  of  its  re- 
ntnms.    As  that  grand  summer  and  winter  suc- 
fceed,  there  must  come  and  pass  awav  numbers 
90f  mmor  periods  of  comparative  life  and  luxuri- 
»ance,  diversifying  tliat  longer  course;  but  only 
*when  the  planet's  summer  coincides  with  the 
Wummer  of  its  sun,  wiU  the  glory  of  its  seasons 
»attam  its  culmination.    Call  in  the  third  clo- 
ument.    Passing  slowly  along  a  career  far  more 
"majestic,  another  orb  is  advancing  with  a  cycle 
otof  seasons  grander  still.    Tliat  orb  brings  its 
mMrd  summer  to  superadd  to  tlie  foregoing  com- 
l^lexity  ;  one  which,  in  the  case  we  have  spoken 
*>f,  arrives  but  once  in  six  hundred  years  ; 
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and  who  shall  picture  the  effects  on  all  life,  on 
all  action,  on  every  internal  arrangement  of  these 
orbs  and  their  dependents,  when,  in  virtue  of  the 
mechanism  they  constitute,  the  three  suns  attain 
their  greatest  proximity,  and  shower  on  eacii 
other  their  most  abundant  influences !  Often  one 
uses  the  word  boukverseraent  or  catastrophe; 
and  truly  when  one  thinks  of  the  immense  width 
of  fluctuation  inevitable  on  pro\nsions  like  these, 
or  on  the  opposite  condition  of  every  member  of 
such  a  system  in  different  epochs  of  its  existence. 
— still  further,  if.  as  alone  we  know  the  remote 
past  or  even  the  larger  relations  of  the  present, 
fragments,  rapid  glimpses  of  moments  far  apart, 
or  of  detached  portions  of  its  structure,  were  all 
that  rested  under  the  eye,  how  could  the  word 
catastrophe  be  avoided,  or  the  idea  of  something 
diverse  from  peaceful  and  solemn  law,  which, 
by  overthrowing  order,  had  instituted  distm-bance 
and  change  ?   Yet  in  the  deep  quiet  of  the  night, 
look  at  a  triple  star,  and,  with  j-our  reason,  fol- 
low the  motions  of  its  orbs !    So  would  confusion 
vanish  and  perplexity  be  felt  no  more,  if,  from  a 
height  superior  to  that  which  is  his  summit  now, 
man  could  behold  unwinding  the  full  destinies 
of  the  world. 

3.  Many  further  and  minuter  inquiries  have 
been  suggested  by  the  phenomena  of  the  double 
stars.    Three  only  can  be  adverted  to.  First, 
The  two  stars  are  frequently  of  complementai-r 
colours.    We  know  little  or  nothing  in  the  wav 
of  explanation.    An  ingenious  theory  has  been 
started  by  M.  Doppler,  that  the  great  velocities 
of  the  two  bodies  in  opposite  ways,  maj',  by  their 
shortening  or  lengthening  the  uiadulations  of  the 
emitted  luminous  rays,  be  an  efficient  cause.  See 
Abbe  Moigno's  Repertoire,  or  Professor  Nichol's 
Architecture  of  the  Heavens.    Secondly,  Apparent 
irregularities  occasionally  appear  in  the  motions 
of  these  conjoined  bodies,  that  demand  some  spe- 
cial explanation.    Captain  Jacob  has  recently 
drawn  especial  attention  to  this,  in  case  of  the 
remarkable  star  in  Ophiuchus.    It  seems  not  un- 
likely that  an  opaque  orb  of  great  magnitude  is 
revolving  around  one  of  these  associated  suns. 
Thirdly,  The  idea  of  the  possible  existence  of 
massive  dark  orbs  was  fii-st  started  by  Bessel. 
The  stars  Sirius  and  Procyon  have  very  irregu- 
lar proper  motions — as  if,  while  they  move  in  a 
vast  orbit,  they  are  also  moving  around  some 
massive  but  dark  star.    If  such  dark  orbs  exist, 
man  shall  never  learn  the  complete  system  of 
things  ;  his  higiicst  furmulm  can  only  be  tenta- 
tive; and  he  need  not  strain  after  the  un- 
attainable. 

Stars  Vnriablc.  A  very  curious  sot  of  orbs 
which  are  subject  to  periodical  changes  of  bright- 
ness. About  a  dozen  are  known  to  belon"-  tti 
this  class— one  of  the  most  remarkable  being 
Algol,  wliich  passes  from  a  star  of  the  2 '3  mafi- 
nitude  to  one  of  tlie  4th  and  back  again  in  two 
days,  twenty  hour.^,  and  fortv-nine  minutes 
I  he  longest  period  known  is  that  of  Cvgni' 
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■n-liich  occupies  406  days.  It  is  needless  to 
si)eculate  as  to  the  causes  of  these  fluctuations 
of  brightness.  They  have  been  referred  to  the 
rotation  of  these  bodies  on  their  axes — their  dif- 
ferent faces  having  a  different  intrinsic  bright- 
ness.   No  theory,  however,  can  as  yet  explain 

the  phenomena  See  a  very  interesting  memoir 

on  this  subject  by  Argelander. — To  this  class 
may  also  probably  be  referred  those  strange  phe- 
nomena of  the  sudden  appearance  and  disappear- 
ance of  brilliant  orbs.  Tycho's  star  was  one. 
It  appeared  suddenly  in  the  midst  of  the  constel- 
lation Cassiopeia,  and  rose  in  magnitude  until  it 
shone  with  a  lustre  beyond  that  of  any  fixed 
star.  It  surpassed  Jupiter  in  brightness,  and 
was  seen  even  in  the  day  time.  After  blazing 
thus  memorably  for  a  few  months,  it  began  to 
wane,  passed  through  various  hues  of  colour,  and 
finally  disappeared.  Kepler  saw  another  such 
star  in  the  constellation  Serpentarius.  We  have 
liad  something  of  the  same  phenomenon  in  recent 
times  in  the  case  of  «  Argus,  as  described  by  Sir 
John  Herschel. — No  theory  can  be  possible  until 
we  shall  learn  something  more  concerning  our  own 
Sun,  and  the  phj'sical  causes  of  his  illumination. 

8talic)$i  The  science  of  the  equilibrium  of 
forces.  There  are  two  modes,  according  to  which, 
the  general  problem  of  Statics  may  be  treated ; 
first,  by  the  effort  to  discover  a  principle  of  equili- 
brium sufiiciently  general  to  enable  it  to  compre- 
hend the  conditions  of  the  equilibrium  of  all 
possible  forces ;  secondly,  the  problem  may  be 
considered  as  a  special  case  of  Dj^namics ;  that 
case — viz.,  in  which  the  resultants  of  all  the  forces 
applied  to  a  point  or  a  body,  become  nil.  The 
latter  method  is  not  the  logical  one,  for  it  reduces 
the  simple  subject  of  statics  to  dependence  on  dy- 
3iamics,  into  which  higher  and  more  complex  ideas 
are  necessarily  introduced;  nevertheless,  until  quite 
recently,  it  has  been  the  common  way  of  treat- 
ing this  grand  division  of  rational  mechanics. 
Viewed  under  this  latter  light,  the  general  ex- 
jjression  for  the  action  of  forces  upon  a  body,  re- 
solved according  to  rectangular  axes,  is  expres- 
sible in  six  equations ;  each  of  which,  when  equili- 
brium takes  place,  must  be  equal  to  zero.  Three 
of  these  equations  have  reference  to  the  directions 
in  which  the  forces  are  acting ;  and  the  remaining 
three — which  include  the  doclrine  of  moments — 
to  the  distances  of  the  points  of  application  of  the 
forces,  from  the  three  rectangular  planes.  The 
six  fundamental  equations  of  equilibrium  are 
technically  as  follows : — 

2  p  cos  a,  —.  0 
2  p  cos  /3  =  o 
2  p  cos  7  =  0 

2  p  (y  cos  a.  —  X  cos  /S)  =  o 
2  p  (z  cos  «  —  a;  cos  7)  =  0 
2  p  (y  cos  y  —  2  cos  )3)  =  0 
Of  these  six  equations,  the  last  three  sum  up  the 
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doctrine  of  moments ;  but  they  have  received 
their  true  and  rational  explanation  from  Poinsot, 
by  aid  of  his  theory  of  Couples.  This  theory  has 
been  frequently  adverted  to  in  our  Cyclopaidia: 
its  ultimate  significance  is  simply  this, — there 
are  only  two  kinds  of  motion  predicable  of  a 
body, — a  motion  of  translation,  and  a  motion  of 
rotation;  these  first  three  equations  having  refer- 
ence to  direction,  establish  the  nullity  of  any 
motion  of  translation;  the  second  three,  having 
reference  to  the  moment  of  a  force,  in  reference 
to  an  axis  or  a  plane,  establish  by  their  nullity, 
that  there  Is  no  motion  of  rotation;  so  that  if 
the  Six  are  satisfied,  equilibrium  must  be  com- 
plete.— The  foregoing  method  of  treating  the 
subject  of  Statics,  however,  does  not  now  com- 
port with  the  condition  of  dynamical  science. 
Dynamics,  in  its  most  general  form,  has  been 
reduced,  or  thro\vn  back  on  Statics,  by  aid  of  the 
grand  principle  of  d'Alerabert.  It  behoves,  there- 
fore, that  Statics  be  itself  previously  constructed 
on  the  independent  basis  of  some  primitive  and 
adequate  law  of  equilibrium.  Starting  from  thft 
point  from  which  Archimedes  contemplated  equi- 
librium, the  illustrious  Lagrange  detected  the 
required  principle,  and  laid  it  do-wn  at  the  com- 
mencement of  his  Mecanique  Anahjtique.  The 
principle  in  question,  is  the  famous  Principle  of 
Virtual  Velocities  (g.  v.) ;  and  it  is  not  too  much 
to  say,  that  it  will  henceforth  serve  as  the  basis 
of  all  great  treatises,  and  all  ulterior  researches 
concerning  the  laws  of  equilibrium.  Discovered 
first  by  Galileo,  extended  by  John  Bemouilli,  and 
systematized  by  the  industrious  Varignon,  this 
principle  came  into  the  hands  of  Lagrange  al- 
ready shaped ;  but  it  required  an  insight  like  his 
to  discover  its  importance,  and  to  see,  that,  in 
connection  with  the  principle  of  d'Alembert,  it 
might  dominate  all  Rational  Mechanics.  It  con- 
sists in  this,  —  imagine  a  system  of  forces  or 
points  in  equilibrium,  momentarily  disturbed; 
estimate  the  disturbances  of  all  the  forces  or 
points,  in  any  direction,  provided  that  direction 
be  the  same  for  all ;  these  disturbances  are  the 
virtual  velocities,  and  each  force  multiplied  by  its 
virtual  velocitj',  is  its  virtual  moment.  Now,  in 
consequence  of  the  existence  of  equilibrium,  the 
sum  of  these  virtual  moments  must  be  0.  Term- 
ing p  p'  p",  the  several  forces;  and,  accent- 
ing to  the  notation  of  Lagrange,  2^,  S^', 
the  correspondmg  virtual  velocities,  this  principle 
is  expressed  by  tilie  equation — 

p     -f  P'      +  P"  Sg"  +  &c  =  o 

or,  succinctly, 

2  p     =  0 

To  give  full  effect  to  a  view  so  general,  many 
moditications  were  needed  in  the  Transcendental 
Calculus;  but  these  were  all  supplied  by  La- 
grai.ge  himself,  through  aid  of  his  Calculus  of 
Variation.'^.  It  may  safely  be  alleged,  that  while, 
by  aid  of  the  principle  of  d'Alembert,  evcQ^  ^ 
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dynamical  problem  may  be  reduced  to  a  statical 
one,  so,  by  aid  of  the  Principle  of  Virtual  Velo- 
cities, every  statical  problem  falls  bacli  on  a 
problem  of  pure  analysis.  True  methodology 
always  requires — -vaz.,  that  more  complex  in- 
(]uirics  shall,  by  the  introduction  of  an  expressive 
formula,  be  thrown  back  on  the  step  preced- 
ing them.— The  departments  of  statics  are  vari- 
ous. Many  important  classes  of  problems  turn 
up;  but  the  mam  ones  are  those  that  have 
reference  to  the  means  of  resisting  Terrestrial 
Gravity,  and  to  the  determination  of  its  own 
action  on  separate  bodies;  the  latter  having 
concern  with  the  Theory  of  Centres  of  Gra- 
vity ;  the  former,  with  such  constructive  pro- 
blems as  affect  the  forms  of  Arches,  Vaults, 
Bridges,  Domes,  &c.,  &c.  At  a  more  advanced 
portion  of  the  subject,  we  meet  such  problems  as 
these: — What  is  the  foi-m  of  equilibrium  of  a 
rotating  sphere  ?  "What  is  its  form  according  to 
any  given  law  of  increase  of  density  from  surface 
to  centre?    What,  under  given  circumstances, 

is  the  most  probable  law  of  that  increase?  

problems  affecting  many  inquiries  in  Celestial 
Mechanics. — We  can  yet  scarcely  venture  to 
name  the  subject  of  the  Equilibrium  of  Liquids 
or  Gases,  under  the  head  of  Pure  Statics.  Such 
laws  as  there  exist  are  briefly  treated  in  Hydro- 
STAiics  and  Pneujiatics.  But  molecular  forces 
are  rapidly  yielding  their  definite  characters  to 
re.search,  and  the  time  is  not  distant  when  an- 
alysis shall  supply  methods  free  from  complicacy, 
and  adequate  to  grasp  such  problems.  We 
recommend  the  student  to  Poinsot,  Earnshaw, 
WheweU,  and  finally,  Lagrange. 

Steam  (in  the  scientific  sense  of  the  word), 
means  water  in  the  vaporous  m-  gaseous  condition. 
In  the  popular  sense,  "  steam"  also  means  water, 
m  the  state  of  cloud  or  mist  at  a  high  tempera- 
ture, mingled  with  water  in  the  vaporous  condi- 
tion. In  the  sequel,  this  word  will  be  employed 
m  the  scientific  sense  alone.  Steam  is  a  chemi- 
cal compound  of  oxygen  and  hydrogen,  in  the 
proportions  of  eight  parts  by  weiglit  of  oxygen 
nearly  to  one  of  hydrogen.  Its  composition  by 
volume  IS  such,  that  the  quantity  of  steam  which, 
if  It  were  a  perfect  gas,*  would  occupy  one  cubic 
foot  at  a  given  pressure  and  temperature,  con- 
tains as  much  oxygen  as  would,  if  uncombined, 
occupy  half  a  cubic  foot,  and  as  much  hydrogen 
:w  would,  if  uncombmed,  occupy  one  cubic  foot, 
ut  the  same  pressure  and  temperature;  so  that 
-iteam,  if  it  were  a  perfect  gas,  would  occupy  two- 
liiirds  of  the  space  which  its  constituents  occupy 
when  uncombined.  Hence  is  deduced  the  follow- 
ing computation  of  tlie  weight  which  one  cubic 
loot  of  steam  would  have,  at  the  temperature  of 
■'•i  I'ahrenheit,  and  pressure  of  one  atmospliero 
(or  14-7  lbs.  on  the  square  inch),  if  steam  were 
a  perfect  gas,  and  if  it  could  exist  at  the  pres- 
sure and  temperature  stated. 

aiticle  lIitAT,  MtcuANicAL  Action  ui',  §  y. 
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{Data  from  the  experiinents  of  Regnault.^ 

Half  a  cubic  foot  of  oxygen,  at  the  pressure  11). 

of  one  atmospliere  and  temperature       . .  0-044(aR 

One  cubic  foot  of  hydrogen,   0"0055'JL' 

One  cubic  foot  of  steam  in  the  ideal  state  of  ^ 

perfect  gas,  at  one  atmosphere  and  32^,. . .  0  05022(1 

If  Steam  were  a  perfect  gas,  the  weight  of  a 
cubic  foot  covJd  be  calculated  for  any  given 
pressure  and  temperature  by  the  following  for- 
mula:— Weight  of  a  cubic  foot  =  0-05022  lb. 
X  pressure  in  atmospheres, 

493° -2 
^  Temp.  +  461°  •  2  ' 

For  example,  at  one  atmosphere  of  pressure, 
and  212°,  the  weight  of  a  cubic  foot  of  steam 
would  be 

493^^ 
673^"^ 


0-05022  X  ^  — - 


:  0-03679  lb. 


But  steam  is  Iinown  not  to  be  a  perfect  gas ;  and 
its  actual  density  is  greater  than  that  which  is 
given  by  the  preceding  formula,  as  has  been  shown 
by  the  experiments  of  Messrs.  Fairbairn  and  Tate. 
The  most  probable  method  of  indirectly  determin- 
ing the  density  of  steam,  is  by  computation  from 
the  latent  heat  of  evaporation,  according  to  prin- 
ciples already  explained  in  §§  19  and  20  of  the 
article  on  the  Mechanical  Action  of  Heat ;  from 
which  it  appears,  that  at  one  atmosphere  aii(i 
212°,  the  weight  of  a  cubic  foot  of, steam  is 
probably  0-0379  lb.  The  greatest  pressure  under 
which  steam  can  exist  at  a  given  temperature, 
which  is  also  the  least  pressure  tinder  which 
liquid  water  can  exist  at  the  given  temperature, 
is  called  the  pressure  of  saturation  for  steam  of 
the  given  temperature;  the  temperature  is  called 
the  boiling  point  of  water  under  the  given  pres- 
sure.   The  pressure  of  saturation  is  the  only 
pressure  at  which  steam  and  liquid  water  can 
exist  together  in  the  same  vessel  at  a  given 
temperature.  Many  experi  ments  have  been  made 
to  determine  the  relation  between  the  boiling 
point  and  the  pressure  of  saturation  of  steam ; 
the  latest  and  most  accurate,  which  have  super- 
seded all  others,  are  those  of  M.  Regnault,  pub- 
lished in  the  Memoirs  oftlie  Academy  of  Sciences 
for  1847.    In  1849  it  was  shown  {Edin.  Phil. 
Jour.,_  July,  1849),  that  the  results  of  tliose 
experiments  are  accurately  represented  by  a  for- 
mula, already  quoted  in  §  19  of  Heat,  Me- 
chanical Action  of.    In  §  19,  20,  and  21, 
of  the  same  article,  are  given  formulaj  for  tlie 
computation  of  the  latent  heat  of  steam  (or  the 
heat  which  disappears  in  evaporating  the  wateri, 
and  of  the  total  heat  of  steam  (or  tlio  whole  heat 
expended  in  raising  a  given  quantity  of  water 
from  a  certain  fixed  temjierature  to  a  given  tem- 
perature, and  then  evaporating  it).  Steam,  which 
IS  not  in  contact  with  liquid  water,  may  be  raised 
to  a  temperature  liigher  than  the  boiling  point, 
corresponding  to  its  pressure;  it  is  then  said  to' 
bo  superheated,  and  is  analogous  in  its  condition 
to  a  permanent  gas.    Little  is  yet  known  of 
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the  mechanical  properties  of  superlieated  steam. 
.Steam,  w  hich  expands  in  performing  work,  cools 
so  much,  that  a  portion  is  liquefied.  Steam, 
on  the  other  hand,  which  expands  in  rushing 
through  an  orifice,  has  its  temperature  main- 
tained by  the  friction  of  its  particles  above  the 
boiling  point  due  to  the  diminished  pressure. 
Besides  the  proportions  of  machinery  (specially 
treated  of  in  the  ensuing  article.  Steam  En- 
<ii.\K,)  steam  is  extensively  used  in  the  arts 
as  a  convenient  vehicle  for  the  transmission 
.ind  diffusion  of  heat. — Further  information  on 
those  properties  which  steam  possesses  in  com- 
mon with  other  vapours,  will  be  given  in 
Vapour. 

8icai9i  Boilers.    For  remarks  on  this  sub- 
ject see  Appendix. 

Steam  £ngine.    A  machine  in  which  heat 
is  made  to  perforin  work  by  means  of  the  elas- 
ticity of  steam — §  1.  Histm'ical  Sketch. — The 
origin  of  the  steam  engine,  in  its  rudest  form,  is 
lost  in  antiquity.    The  earliest  written  account 
of  mechanism  in  which  heat  is  made  to  perform 
work  by  means  of  steam,  is  contained  in  the 
Pneumatics  of  Hero  of  Alexandria,  who  flour- 
ished about  130  B.C.    That  author  describes  a 
]-otatory  engine,  di-iven  by  the  reaction  of  jets  of 
steam  issuing  from  orifices  in  revolving  arms, 
and  also  an  engine  in  which  the  pressure  of 
steam  is  made  to  raise  liquid  by  expelling  it  from 
a  receiver.    An  apparatus  similar  to  the  last  is 
described  by  Giovanni  Battista  della  Porta,  in 
liis  Pneumatics^  published  in  1601.    A  French 
engineer,  Solomon  de  Caus,  in  a  work  entitled 
Les  Raisons  des  Forces  Mouvantes,  published  in 
1615,  described  a  machine  for  propelling  a  jet 
of  water  to  a  great  height  by  the  pressure  of 
steam  evaporated  in  the  same  vessel  from  which 
the  water  was  ejected.    In  1629,  Branca  de- 
scribed an  engine,  in  which  a  wheel  was  driven 
round  by  the  impulse  of  steam  against  vanes. 
The  Marquis  of  Worcester,  in  his  work  called 
A  Century  of  the  Names  and  Scantlings  of  Inven- 
tion, &c,,  published  in  1663,  described  a  machine 
for  raising  water  by  the  pressure  of  steam.  So 
far  as  the  description  is  intelligible,  it  appears 
tliat  this  machine  differed  from  that  of  de  Caus, 
in  having  a  separate  boiler  for  the  production  of 
the  steam  which  forced  water  out  of  other  vessels; 
and  it  appears  further,  from  the  Diary  of  Cosmo, 
<irand  Duke  of  Tuscany,  that  the  machine  of 
the  jMarquis  of  Worcester  had  been  constructed, 
and  was  in  operation  at  Vauxhall,  in  1656. 
About  1697,  Savery  invented  an  engine  in  which 
water  was  not  only  (as  in  those  of  de  Caus  and 
Worcester),  forced  above  the  level  of  the  engine 
by  the  pressure  of  the  steam,  but  was  also  raised 
lo  the  level  of  the  engine,  from  a  lower  level,  by 
the  pressure  of  the  atmosphere,  after  the  con- 
densation of  the  steam  in  the  water-receiver,  by 
means  of  cold  water  externally  applied.    In  all 
the  machines  hitherto  described,  the  steam  cither 
acted  by  its  momentum  alone,  or  by  pressing 
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directly  on  the  surface  of  water.  The  first  inven- 
tion of  the  important  idea  of  making  steam 
afford  the  means  of  driving  a  piston,  which 
should  communicate  motion  to  mechanism,  ap- 
pears to  be  due  to  Denis  Papin,  who,  about  the 
year  1690,  constructed  a  working  model,  consist- 
ing of  a  vertical  cylinder  with  a  piston.    In  the 
lower  part  of  the  cylinder  was  placed  a  small 
quantity  of  water.    On  placing  a  fire  under  the 
cylinder,  the  water  evaporated  and  lifted  the 
piston ;  on  removmg  the  fire  from  the  cylinder, 
or  the  cylinder  from  the  fire,  the  steam  was  con- 
densed, and  the  piston  forced  down  by  the  pres- 
sure of  the  atmosphere.    Papm  proposed  that 
engines  on  this  principle  should  be  made  to  work 
pumps,  and  also,  by  means  of  rack  and  pinion 
work,  and  ratchet  wheels,  to  drive  paddle  wheels 
of  vessels,  and  other  revolving  mechanism.  Papin 
had,  about  ten  years  before,  invented  the  safety 
valve  for  boilers.    In  1705,  Newcomen  com- 
bined the  cylinder  and  piston  of  Papin,  with  the 
separate  boiler  of  Worcester  and  Savery,  and  the 
surface  condensation  of  the  latter,  and  produced 
the  well  known  atmospheric  engine  for  pumping 
mines.  He  afterwards  rendered  the  condensation 
more  rapid  and  complete  by  injecting  a  shower 
of  cold  water  into  the  mterior  of  the  cylinder. 
Apparatus  for  enabling  the  engine  to  open  and 
shut  its  own  valves,  was  introduced  by  Humphry 
Potter,  and  improved  by  Beighton.'  The  high 
pressure  engine  was  invented  in  1725  by  Leupold. 
About  1770,  the  details  of  the  atmospheric 
engine  were  much  improved  by  Smeaton.  Up 
to  this  period  the  progress  of  the  steam  engine 
had  consisted  in  a  series  of  ingenious  contriv- 
ances and  empirical  improvements,  unaided  by 
theory ;  and,  notmthstanding  all  that  had  been 
done,  it  was  an  imperfect  and  most  wasteful 
machine,  practically  suited  to  the  sole  purpose  of 
draining  mines,  at  a  great  expense  of  fuel.  But 
now  had  arrived  the  time  when  one  man  was  to 
discover  and  to  apply  to  practice  all  those  prin- 
ciples upon  which  depend  the  economj'  and  the 
utility  of  the  saturated  steam  engine,  leaving 
to  his  successors  only  to  develoii,  extend,  and 
perfect  his  inventions,  and  to  improve  matters  of 
detail — until  the  saturated  steam  engine  shall  be 
superseded  by  some  more  economical  and  usl  AiI 
prime  mover.    In  1759,  James  Watt  had  his 
attention  directed  by  Robison  to  the  subject  of 
the  steam  engine,  and  for  a  few  years  afterwards 
made  various  experiments  on  tlie  properties  of 
steam.  In  1763  and  1764,  Watt,  w^hile  engaged 
in  the  repair  of  a  small  model  of  Newcomen's 
engine  (belonging  to  the  University  of  Glasgow, 
and  since  preserved  hy  that  University  as  the 
most  precious  of  relics),  perceived  the  various 
defects  of  that  machine,  and  ascertained  by  ex- 
periment their  causes.    Early  in  1765,  he  dis- 
covered those  principles  of  the  action  of  the  steam 
engine,  w-hich  are  embodied  in  an  invention 
described  by  himself  in  the  following  words,  in 
the  specification  of  his  patent  of  1768  :  — 
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"  Jly  method  of  lessening  the  consumption  of 
steam,  and  consequently  fuel,  iu  tire  engines, 
consists  of  the  following  principles : — 

"  First,  That  vessel  in  which  the  powers  of 
steam  are  to  be  employed  to  work  the  engine, 
■wiiioh  is  called  tlie  cylinder  in  coaimon  tire 
engines,  and  which  I  call  the  steam  vessel,  must, 
(luring  the  whole  time  the  engine  is  at  work,  be 
!:ept  as  hot  as  the  steam  that  enters  it ;  first,  by 
enclosing  it  in  a  case  of  wood,  or  any  other 
materials  that  transmit  heat  slowly;  secondly, 
by  surrounding  it  with  steam  or  other  heated 
bodies ;  and  thii'dly,  by  suffering  neither  water 
nor  any  other  substance  colder  than  the  steam, 
to  enter  or  touch  it  durmg  that  time. 

("Secondly,  In  engines  that  are  to  be  worked 
"Wholly  or  partially  by  condensation  of  steam, 
ithe  steam  is  to  be  condensed  in  vessels  distinct 
fifrom  the  steam  vessels  or  cylinders,  although 
ooccasionally  communicating  with  them;  these 
wessels  I  call  condensers ;  and,  whilst  the  engines 
aare  working,  these  condensers  ought  at  least  to 
bbe  kept  as  cold  as  the  air  in  the  neighbourhood 
i*)f  the  engines,  by  application  of  water,  or  other 
BEold  bodies. 

"  Thirdly,  Whatever  air  or  other  elastic  vapour 
not  condensed  by  the  cold  of  the  condenser, 
land  may  unpede  the  working  of  the  engine,  is  to 
loe  drawn  out  of  the  steam  vessels  or  condensers 
my  means  of  pumps,  wrought  by  the  engines 
themselves,  or  otherwise. 

"Fourthly,  I  intend,  in  many  cases,  to  employ 
bhe  expansive  force  of  steam  to  press  on  the 
iJistons,  or  whatever  may  be  used  instead  of 
hhem,  in  the  same  manner  in  which  the  pressure 
fif  the  atmosphere  is  now  employed  in  common 
lire  engines.  In  eases  where  cold  water  cannot 
had  in  plentj',  the  engines  may  be  wrought 
yy  this  force  of  steam  only,  by  discharging  the 
Keam  into  the  air  after  it  has  done  its  office. 
^  "  Lastly,  Instead  of  using  water  to  render  the 
listons  and  other  parts  of  the  engines  air  and 
lAeam  tight,  I  employ  oils,  wax,  resinous  bodies, 
M  of  animals,  quicksilver,  and  other  metals,  in 
heir  fluid  state." 

The  expense  of  carrying  out  of  Watt's  inven- 
ion  was  at  first  defrayed  by  Dr.  Roebuck.  On 
ids  retirement  from  the  enterprise,  his  place  was 
ikken  by  Matthew  Boulton  of  Birmingham, 
*hpse  liberality  and  energy  furnished  all  that 
was  necessary  to  render  the  genius  of  Watt 
waetically  available.— Few  patents  have  had 
leir  validity  more  obstinately  contested  than 
at  of  Watt's  great  invention,  and  the  success- 
Ill  result  of  the  trials  of  which  it  was  the  sub- 
it,  has  greatly  contributed  to  ascertain  and  fix 

8  interpretation  of  the  patent  laws  Papin's 

eiethod  of  producing  a  rotatorv  from  a  recipro- 
lUting  motion,  by  ratchet  work,  had  proved 
wortive.  Before  1778,  Watt  had  invented  the 
wuble  acting  steam  engine,  and  the  application 
'  the  crank  to  the  steam  engine ;  but  the  latter 
rvention  having  been  pirated  and  patented  by 
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another.  Watt  invented  and   patented  other 
methods  of  producing  rotatory  from  rcciprocat- 
ing  motion,  which  were  used  until  tlie  patent 
for  the  crank  expired  ;  after  wliich  time  the  use 
of  the  crank  became  general.    The  adaptation 
of  the  steam  engine  to  the  production  of  rotators' 
motion  was  the  crowning  improvement,  whicli 
led  to  its  employment  as  the  prime  mover  of 
every  kind  of  mechanism. — The  improvements 
on  the  steam  engme  since  the  time  of  Watt, 
have  chiefly  related  either  to  the  boiler  and 
furnace  for  the  details  of  mechanism,  to  the  more 
full  development  of  Watt's  principle  of  using 
the  expansive  force  of  the  steam  to  drive  the 
piston,  or  to  the  means  of  applying  the  steam 
engine  to  the  propulsion  of  carriages  and  ships. 
— The  true  mathematical  theory  of  the  relation 
between  the  evaporating  power,  the  load,  and 
the  speed  of  the  steam  euguie,  was  first  ex- 
pounded in  1835  by  the  Count  de  Pambour. 
The  history  of  the  true  theory  of  the  relation 
between  the  heat  expended  and  the  work  per- 
formed in  the  steam  engine,  as  well  as  in  other 
engines  in  which  heat  is  the  som-ce  of  power, 
has  abeady  been  sketched  in  §  1  of  Heat, 
Mechanical  Action  of. — The  following  four 
engines  may  be  considered  as  belonging  to  classes 
distmct  from  Watt's  engine.  They  have  all  been 
constructed  and  set  to  work,  but  none  of  them 
have  yet  been  extensively  used.    1.  The  re- 
action steam  engine  of  Mr.  Euthven,  on  the 
principle  of  that  of  Hero.    2.  The  momentum 
or  vortex  steam  engine  of  Mr.  Gorman,  in  which 
steam  is  introduced  by  jets  at  the  circumfer- 
ence of  a  cu-cular  case,  drives  a  vane  wheel  or 
turbine  revolving  in  the  case,  and  escapes  at  a 
central  orifice.    3.  The  steam  and  ether  engine 
of  M.  du  Trembley,  mentioned  in  §  30  of 
Heat,  Mechanical  Aciion  op.    4.  The  re- 
generative superheated  steam  engine  of  Mr. 
Siemens,  mentioned  in  §  31  of  the  same  article. 
Authorities  on  the  steam  engine: — Stuart's 
Descriptive  History  of  the  Steam  Eiujim  (the  best 
authority  on  its  eariy  history)  ;  Tredgold  On  the 
Steam  Engine,  edited  by  Woolhouse;  Robison, 
Watt,  and  Scott  Russell,  On  the  Steam  Engine, 
Enci/clopwdia  Briiaimica;  Scott  Russell  On  Steam 
Navigation,  &c. ;  Murray's  Rudimentary  Treatise 
on  the  Marine  Engine;  Bourne  On  the  Steam 
Engine;  de  Pambour  On  the  Locomotive  Engine; 
de  Pambour  On  the  Theory  of  the  Steam  Engine; 
Arago,  Sur  les  Machines  a  Vapeur  (Historical 
Notice,  published  in  tlie  Annuaire  du  Bureau  des 
Longitudes  for  1837);  Muirhead's  Mechanical 
Inventions  of  James   Watt;  Fairbairn's  Useful 
Information  for  Engineers;  Clark  On  Railioay 
Machinery;  Rankine  On  the  Steam  Engine. 

§  2.  General  Description  of  the  Parts  of  tlw. 
Steam  Engine. — The  following  are  the  principal 
parts,  which,  with  their  appendages,  constitnf;e  a 
steam  engine.  1.  Tlie  furnace  and  boiler ;  2.  Tlie 
cylinder  with  its  piston ;  3.  The  condenser  with 
its  ak  pump  (these  aro  wanting  iu  non-con- 
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(lensing  engines)  ;  4.  The  Mechanism.— 1.  The 
furnace,  with  its  appendages,  consists  of  grate, 
ashpit,  flues,  and  chimney;  the  chimney  some- 
times contains  a  damper  for  regulating  the 
draught  of  air.  The  furnace  is  sometimes  con- 
tained within  the  boiler.  The  hoihr  is  made  of 
iron  or  copper,  and  often  contains  internal  flues 
and  tubes.  Amongst  its  appendages  are,  tlie 
feed  pimp,  and  other  apparatus  for  providing  it 
with  a  regular  supply  of  water ;  the  safety  valve 
for  permitting  the  escape  of  steam  before  the 
pressure  becomes  dangerous ;  the  fusible  plug  for 
melting  and  allowing  the  steam  to  escape  when 
the  temperature  becomes  dangerously  high  (a 
contrivance  not  to  be  relied  on) ;  the  vacuum  valve, 
opening  inwards,  to  admit  air  and  prevent  the 
boiler  from  collapsing  if  the  steam  in  it  should 
be  condensed ;  the  water-gauge  cocks  and  water- 
gauge  tube  for  showing  the  level  of  the  water,  so 
that  the  engineman  may  ascertain  whether  it 
stands  sufficiently  high  to  cover  all  parts  ex- 
posed to  the  fire ;  the  pressure-gauge,  for  indi- 
cating the  pressure  of  the  steam ;  the  man  hole, 
closed  by  a  steam  tight  cover,  for  getting  ac- 
cess to  the  interior  of  the  boiler ;  the  hlow-ojf 
cock  for  emptying  the  boiler  of  water  when  it  is 
to  be  cleansed,  and  in  marine  engines  for  occa- 
sionally discharging  brine,  so  as  to  prevent  over- 
concentration  of  the  sea  water  in  the  boiler, 
which  would  lead  to  the  deposit  of  salt.  Marme 
boilers  are  sometimes  provided  with  brine  pumps, 
to  draw  off  a  fixed  quantity  of  brine  from  the 
bottom  of  the  boiler  at  each  stroke  of  the  engines ; 
the  outer  parts  of  the  boiler  are  sometimes  clothed 
with  felt,  wood,  brickwork,  or  ashes,  to  prevent 
loss  of  heat.  Large  engines  have  often  several 
fiu-naces  and  boilers.  2.  The  boiler  and  cylinder 
are  connected  by  means  of  the  steam  pipe,  in 
which  is  the  throttle  valve  or  regulator,  for  adjust- 
ing the  openmg  for  the  admission  of  steam  to  the 
cylinder,  and  sometimes  also  the  cut-off  valve 
or  eapajision  valve,  for  cutting  ofi^  the  admission 
of  the  steam  to  the  cylinder  at  any  required 
period  of  each  stroke  of  the  piston,  leaving  the 
remainder  of  the  stroke  to  be  performed  by  the 
expansion  of  the  steam  already  admitted.  The 
cylinder  may  be  single  or  double  acting.  In  a 
single  acting  engine  (used  generally  for  pumping 
only),  the  piston  is  forced  in  one  direction  by  the 
pressure  of  the  steam,  and  made  to  return  in  the 
opposite  direction  when  the  steam  is  discharged 
by  the  action  of  a  weight  or  counterpoise.  In 
a  double  acting  engine  (which  is  the  class  of 
engine  used  for  locomotion,  and  for  driving 
machinery,  and  sometimes  for  pumping  also), 
the  piston  is  forced  in  either  direction  by  the 
pressure  of  the  steam  which  is  admitted  and 
disciiarged  at  either  end  of  the  cylinder  alter- 
nately. The  admission  and  discharge  of  tlic 
steam  take  place  through  openings  near  the 
ends  of  the  cylinder  called  ports,  connected  with 
passages  called  nozzles,  whicli  are  opened  and 
closed  by  indactim  and  eduction  valves.  Somc- 
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times  the  induction  and  eduction  valves  are  com- 
bined in  one  valve,  called  a  slide  valve.  In  non- 
condensing  engines  (conventionally  called  high 
pressure  engines),  the  waste  steam  discharged 
from  the  cylinder  escapes  into  the  atmosphere 
tiirough  the  blast  pipie;  in  locomotive  engines, 
as  well  as  some  others,  the  blast  pipe  is  placed 
in  the  centre  of  the  chimney,  so  that  the  succes- 
sive blasts  of  steam  discharged  from  it  augment 
the  draught  of  air  through  the  furnace,  and 
cause  the  combustion  of  the  fuel  to  be  more  or 
less  rapid,  according  as  the  engine  is  performing 
more  or  less  work.  The  cylinder  cover  has  in  it 
a  stuffing  box  for  the  passage  of  the  piston  rod ; 
in  large  engines  there  are  sometimes  more  than 
one  piston  rod  and  stuffing  box,  and  sometimes 
a  tubular  piston  rod,  called  a  trunk.  The  cylinder 
cover  is  also  provided  with  a  grease  cock,  to 
supply  the  piston  with  unguent.  In  many  large 
engines,  there  is  a  spring  safety  valve,  called  au 
escajje  valve,  at  each  end  of  the  cylinder;  the 
chief  use  of  which  is  to  disch^ge  water,  which 
may  condense  in  the  cylinder,  or  be  carried  over 
ui  the  liquid  state  from  the  boiler,  by  what  is 
called  priming.  To  prevent  loss  of  heat,  the 
cylinder  is  sometimes  enclosed  in  a  casmg,  called 
a.  jacket,  the  intermediate  space  being  filled  -mih 
hot  steam  from  the  boiler,  or  hot  air  from  a  flue; 
outside  this,  there  is  a  clothing  of  felt  and  wood. 
Double  cyliivhr  engines  have  two  cylinders ;  the 
steam  being  admitted  from  the  boiler  into  the  first 
cylinder,  and  then  filling  the  second  by  expan- 
sion from  the  first.  3.  The  ordinarj'  condenser 
is  a  steam  and  air-tight  vessel  of  any  convenient 
shape,  whose  capacity  is  from  J  to  ^  of  that  of 
the  cylinder;  good  authorities  consider  that  it 
ought  to  be  at  least  ^,  and  might  with  advantage 
be  more.  The  steam  discharged  from  the  cyhn- 
der  is  liquefied  in  it  by  a  constant  shower  of 
cold  water  from  the  rose-headed  injection  valve. 
In  land  engines  the  injection  water  comes  from  a 
tank  called  the  cold  well,  surrounding  the  con- 
denser, and  supplied  by  the  cold  water  pump ;  in 
marine  engines,  it  comes  directly  from  the  sea. 
In  the  surface  condenser  (which  has  been  tried 
with  varying  success),  the  steam  is  liquefied  by 
beuig  passed  through  tubes  or  other  narrow 
passages  surrounded  by  currents  of  cold  water. 
The  condenser  is  pro\aded  with  blow-through 
valves,  communicating  with  the  cylinder,  usually 
shut,  but  capable  of  being  occasionally  opened, 
and  with  a  sniffing  valve  opening  outwards  to 
the  atmosphere ;  through  these  valves  steam  can 
be  blown  to  expel  air  from  the  cylinder  and  con- 
denser before  the  engine  is  set  to  work.  The 
condenser  has  also  a  vacuum  gauge,  to  show 
how  much  the  pressure  in  it  falls  below  that  of 
the  atmospliere.  The  water,  the  small  portion 
of  steam  which  remains  uncondensed,  and  the 
air  which  may  be  mixed  with  it,  are  sucked 
from  the  condenser  by  the  air  pump  (whose 
capacity  is  from  -j^  to  )^  of  that  of  the  cyliiuii'r), 
and  discharged  into  the  hot  well,  a  tank  froia 


SOS 


STE 

'A  hich  the  feed  pump,  formerly  mentioned,  draws 
the  supply  of  water  from  the  boiler.  The  sur- 
phis  water  of  the  hot  well  in  land  engines  is 
discharged  into  a  pond,  there  to  cool  and  form  a 
•store  of  water  for  the  cold  well;  in  marine 
engines,  it  is  ejected  into  the  sea.  4.  The  prin- 
cipal parts  of  the  mechanism  may  be  generally 
described  as  follows : — In  all  except  certain  pecu- 
liar classes  of  engines,  there  is  a  parallel  motion 
!  tor  guiding  the  head  of  the  piston  rod  to  move 
iiin  a  straight  line,  consisting  either  simply  of 
■  straight  cheeks  or  slides,  or  of  a  combination  of 
levers  and  linkwork,  invented  by  Watt,  and 
more  or  less  modified  by  others.  The  peculiar 
classes  of  engines  above  excepted,  are — first, 
tnmh  engines  (including  Mr.  Himt's  z  crank 
engine),  where  the  shuting  box  is  the  guide; 
secondly,  oscillatory  engines^  in  which  the  head 
of  the  piston  rod  is  directly  connected  witli  the 
crank,  and  the  cylinder  oscillates  on  trunnions ; 
third! J',  disc  engines,  in  which  the  functions  of  a 
cylinder  are  performed  by  a  vessel  of  the  figure 
of  a  spherical  zone,  and  those  of  a  piston  by  a 
disc  having  a  motion  of  nutation  in  that  zone; 
and,  fourthly,  rotatory  engines,  in  which  the 
piston  revolves  round  an  axis.  Trunk  engines 
and  oscillatory  engines  are  of  common  occurrence 
in  steam-ships.  The  z  crank  engine  has  not  yet 
been  tried  on  a  large  scale.  Disc  engines  are 
said  to  answer  well,  but  are  of  rare  occurrence. 
Rotatory  engines  of  varioixs  kinds  have  often 
been  tried,  but  seldom  with  good  results.  In 
single  acting  engines  for  pumping  water,  the 
pump  rods  are  worked  either  by  direct  connec- 
tion with  the  pLston  rod,  or  through  the  inter- 
^  ention  of  a  beam.  In  double  acting  engines, 
the  power  is  communicated  to  a  revolving  shaft, 
driven  by  means  of  a  crank  and  connecting  rod, 
^■•itll  or  without  the  intervention  of  a  beam.  (In 
o-cillating  engines  th^ piston  rod  and  connecting 
ri)d  are  one).  Most  marine  and  locomotive 
engines,  and  many  stationary  engines,  have,  in 
order  to  equalize  the  action  of  the  power,  a,  pair 
of  cranks  at  right  angles  to  each  other,  driven  by 
a  pair  of  pistons  in  a  pair  of  cylinders,  with 
their  appendages;  and  are,  in  fact,  pairs  of 
r  agines.  In  stationary  engines  the  shaft  carries 
a  Jly-wheel,  to  distribute  and  equalize  irregu- 
larities in  the  action  of  the  power  by  its  inertia; 
this  function  is  performed  in  marine  engines  by 
the  inertia  of  the  paddle-wheels  or  screw,  and, 
in  locomotive  engines,  by  the  inertia  of  the 
fliiving-wheels  and  of  the  engine  itself.  The 
ll'cd  pump,  and  other  pumps  which  are  appen- 
Uiges  of  the  engine,  are  worked  by  the  mechan- 
ism; so  also  are  the  induction  and  eduction 
valves,  through  what  is  called  the  valae  gearing 
or  valve  motion, — a  part  of  the  machinery  which 
is  under  the  control  of  the  engineman,  and  so 
contrived  as  to  enable  him  to  stop  and  reverse 
the  motion  of  the  engines  at  will,  and  whose 
forms  are  too  various  and  intricate  to  be  hero 
described  in  detail.    In  engines  for  manufactur- 
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ing  purposes,  the  mechanism  comprises  a  revolv- 
ing pendulum,  called  a  governor,  \vhich  regulate.? 
either  the  admission  of  steam  by  the  throttle 
valve,  or  the  cut-otf  by  the  expansion  valve,  so 
as  to  make  the  engine  move  with  a  nearly  uni- 
form speed.  The  governor  as  applied  to  regu- 
late the  speed  of  water  mills  and  wind  mills  is 
of  old  date;  it  was  first  applied  to  the  steam 
engine  by  Watt,  and  has  been  of  late  very  much 
improved  by  Mr.  Siemens.  In  marine  and  loco- 
motive engines,  and  winding  engines  for  col- 
lieries, the  admission  and  cut-off  of  steam  are 
regulated  at  the  discretion  of  the  engineman. 

^  3.  Power  of  the  Steam  Engine. — The  avail- 
able power  of  a  steam  engine  is  the  useful  vm-h 
which  it  performs  in  some  given  time.  The 
indicated  power  is  the  work  performed  by  the 
steam  upon  the  piston,  is  equal  to  the  product  of 
the  mean  available  pressure  of  the  steam,  the 
area  of  the  piston,  and  the  distance  traversed 
by  the  piston  in  a  given  time,  and  is  greater 
than  the  effective  power  by  the  amount  of  energy 
expended  in  overcoming  the  resistance  of  the 
engine.  The  power  of  an  engine,  whether  indi- 
cated or  available,  is  expressed  either  in  foot 
pounds  (that  is,  pounds  lifted  one  foot),  in  some 
fixed  time  (such  as  a  minute  or  an  hour),  or  in 
horse  power,  as  defined  by  Watt;  one  horse 
power  being  33,000  foot  pounds  per  minute, 
or,  what  is  the  same  thing,  33,000  x  60  = 
1,980,000  foot  pounds  per  hour.  This  is  the  mean- 
ing of  the  actual  horse  power  of  an  engine.  But 
there  is,  besides,  employed  in  commerce,  a  mea- 
sure called  nominal  horse  poioer,  which  is  simply 
an  arbitrary  and  conventional  method  of  ex- 
pressing the  size  of  the  engine,  without  reference 
to  its  actual  power.  To  compute  the  nominal 
horse  power  of  an  engine,  the  effective  pressure 
of  the  steam  on  the  piston  is  assumed  to  be,  in 
some  localities  7,  in  others  7^  pounds  per  square 
inch.    The  velocity  of  the  piston  is  assumed  to 

be  120  feet  per  minute  x  ^  length  of  stroke  in 

feet.  Lastly,  ths  foot  pounds  of  work  per  minute 
computed  on  these  assumptions,  are  divided  by 
33,000.  This  is  a  rule  adopted  in  some  locali- 
ties and  by  some  engineers;  but  the  rules  of 
other  localities  and  other  engineers  are  different ; 
and,  in  fact,  the  system  of  describing  engines  by 
nominal  horse  power  is  uncertain,  inconvenient, 
and  absurd.  The  nominal  horse  power  of  differ- 
ent engines  is  from  f  to  of  their  actual  horse 
power.  The  duty  of  an  engine  is  the  work  per- 
formed by  a  given  quantity  of  fuel,  such  as  one 
pound.  (The  Cornish  engineers  state  the  work 
performed  by  a  Comish  bushel,  or  94  pounds  of 
coal).  The  efficiency  of  an  engine  is  the  ratio  of 
the  work  performed  to  the  mechanical  equivalent 
of  the  heat  expended.  See  Heat,  Mechanical 
Action  of,  §§  22  to  31  inclusive.  The  duty  of 
a  pound  of  coal  varies  in  different  classes  of 
engines  from  about  100,000  to  1,900,000  foot 
pounds.    These  are  extreme  results,  as  respects 
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wastefulness  on  one  hand,  and  economy  on  the 
other.  In  good  ordinary  engines,  tlie  duty  varies 
from  200,000  to  700,000.  The  efficiency  of 
steam  engines  lies  between  the  limits  0-02  and 
0'2  in  extreme  cases,  and  O-Oi  and  0"125  in 
ordinary  cases. 

Steel  Yard.    See  Balance. 

8tcrcogi-aphic.    See  Pkojection. 

Stereoscope.  As  is  explained  and  illustrated 
in  Parallax  Bixoculai!,  in  viewing  an  object, 
each  eye  sees  a  different  figure  of  it,  some  parts 
being  hidden  from  the  one  eye  which  are  visible 
to  the  other,  and  vice  versa.  It  is  by  the  union 
of  these  two  somewhat  dissimilar  pictures  on  the 
two  retinje,  that  the  ordinary  mental  impression 
of  any  object  or  series  of  objects  is  produced — 
This  dissimilarity  of  the  pictures  formed  in  each 
eye  is  of  fundamental  importance  to  the  theory 
of  the  stereoscope,  and  may  be  further  made  evi- 
dent by  inspection  of  the  diagram  in  fig.  1.  Let 


Fig.  1. 

A  B  c  D  represent  a  cube,  as  seen  by  the  two 
eyes  placed  at  e  and  E'.  The  eye  e  will  see  only 
the  side  a  b,  no  rays  of  light  from  the  remaining 
sides  A  D,  D  c,  B  c  bemg  able  to  reach  b,  they 
wni  be  invisible  to  it.  The  eye  e'  being,  how- 
ever, differently  placed,  will  receive  rays  from  the 
aides  a  b  and  b  c,  which  will  be  both  visible  to 
it,  and  thus  the  two  pictures  obviously  differ. 
Not  only  is  this  the  fact,  but  every  point,  even 
when  seen  by  both  eyes,  appears  to  each  in  a  dif- 
ferent direction ;  for  instance,  the  point  b  is  seen 
by  E  along  the  line  e  b,  and  by  e'  along  the  line 
E'  B.  How  then,  it  may  be  asked,  can  it  be  that  the 
mind  only  perceives  one  image  of  the  cube  and  that 
in  one  direction  and  occupying  one  single  position? 
The  answer  to  this  question  will  be  found  dis- 
cussed at  some  length  in  Parai-lax  Bin  ocular, 
and  it  must  here  sufHce  to  state  that  when  tlie  eyes 
are  so  turned  to  any  point  of  an  object  that  its 
image  in  each  eye  falls  on  the  point  of  distinct 
vision,  then  the  point  is  seen  single  with  the  two 
ej'es,  while  all  other  points  of  the  object  appear 
more  or  less  separated  into  two,  yet,  as  the  vision 
of  these  two  images  is  nowhere  perfectly  distinct, 
the  inconvenience  is  scarcely  noticed.  By  rapid 
movement  of  the  eyes  each  part  in  succession  is 
brought  on  the  point  of  distinct  vision,  and  the 
mind  satisfies  itself  that  it  is  looking  only  on  one 
single  object.  In  viewing  a  picture,  the  sanie 
dissimilarity  of  view,  as  seen  by  each  eye  sepa- 
rately, does  not  occur,  as  the  whole  figure  is  on  one 
Ijlaue,  and  one  part  of  it  cannot  by  its  projection 
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intercept  the  view  of  another.  There  is  thus  r^ii 
important  difference  between  the  appearan  d 
presented  by  the  real  object  and  that  given  by 
even  the  best  drawn  representation  of  it.  Tiie 
one  appears  solid  and  real,  the  other  seems  fiat 
and  wants  relief — To  give  the  picture  this  relief 
it  would  be  requisite  to  put  it  into  the  same  cir- 
cumstances as  the  real  object,  ^iz.,  to  enable  it 
to  present  two  diflerent  aspects,  one  to  each  eye ; 
in  tact  to  make  two  pictures  and  at  the  same 
time  to  cause  them  both  to,  apparently,  emanate 
from  the  same  position.  The  first,  viz.,  to  draw 
two  separate  and  somewhat  dissimilar  pictures  is 
done  by  the  hand  or  hy  the  camera  obscura ;  and 
to  cause  them  apparently  to  emanate  from  tlie 
same  jiosition  or  object,  is  accomplished  by  the 
instrument  called  the  stereoscope.  When  this 
is  done,  the  pictures  present  to  the  mind  the 
aspect  of  a  real  and  soUd  substance  in  full  and 
round  relief,  hence  the  name  Stereoscope,  which 
signifies  an  instrument  for  solid  sight.— It  has 
been  already  mentioned  that,  on  turning  both 
eyes  toward  any  point  of  an  object,  so  as  to  see 
it  distinctly,  or  in  optical  language,  on  turning 
the  optic  axes  toward  it,  it  is  seen  in  two  differ- 
ent directions,  that  is,  it  overlaps  different  parts 
of  the  background.    Thus  in  fig.  2  the  pomt  o 


Fig.  2. 

is  seen  by  e  projecting  agamst  the  object  b',  and 
by  E'  against  the  object  b.  This,  it  will  be  ob- 
served, never  can  occur  with  any  part  of  a  flat 
picture,  and  is  one  of  the  chief  means  by  which 
the  mind  distinguishes  between  a  pictiu-e  and  a 
real  object  in  relief.  This  being  the  case,  it  will 
be  requisite  that  in  the  two  pictures  to  be  united 
by  the  stereoscope  the  objects  should  overlap 
different  parts  of  those  behind  them,  and  in  tiie 
same  degree  as  they  would  do  if  observed  in  the 
real  scene  by  each  eye  separately.  This  is  tlie 
dissimilarity  of  the 'two  stereoscopic  pictures 
which  is  requisite  and  which  has  been  referred  to 
above.  It  is  exactly  that  which  is  produced  by 
taldng  the  drawings'  from  pomts  slightly  difler- 
ing  in  position  in  a  direction  perpendicular  to 
the  line  of  sight.  It  is  obvious  on  the  sliglitest 
consideration  that,  in  many  cases  of  common 
vision  by  the  two  eyes,  the  picture  of  any  luie 
or  surface  on  the  one  eye  must  be  longer  and 
larger  than  ou  the  other.  This  will  always  be 
tlie  case  when  the  object  is  nearer  one  eye  than 
the  other.  The  same  thing  is  often_  observed  in 
the  two  stereoscojiic  pictures,  and  indeed  it  is 
easy  to  draw  two  lines,  one  of  them  longer  than 
the  other,  and  then  to  combine  tliem  by  means 
of  the  stereoscope.    A  (lucstion  has  arisen  lU 
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h  ca^e,  how  it  is  that  a  single  picture  is  pre- 
ited  totlie  mind?    Mr.  Wheatstone,  to  whom 
'  world  is  chiefly  indebted  for  the  iiiventiou  of 
'  stereoscope,  supposes  that  tiie  eye  has  the 
.\  er  by  some  means  to  modify  ^vithin  certain 
..liits  the  dimensions  of  the  impressions  made  on 
in  such  a  manner  as  to  cause  the  two  impres- 
ii  ns  to  appear  of  the  same  size  and  so  to  coin- 
iiie  into  one;  and  he  surmises  that  the  vision 
1  pictures  in  relief,  by  means  of  the  stereoscope, 
i  oaused  by  the  combination  of  the  two  single 
\vs,  in  exactly  the  same  manner  as  takes 
lace  with  those  presented  by  the  two  eyes  in 
(Mumon  vision.    Sir  D.  Brewster,  the  highest 
\  ing  optical  authority,  on  the  other  hand,  holds 
lat  the  eye  has  no  power  to  modify  the  shape 
r  dimensions  of  the  images  made  on  it,  and  that 
le  apparent  coalescence  of  images  of  difTerent 
ugths  is  a  deception  caused  by  the  habit  of 
J^arding  chiefly  the  points  of  distinct  vision 
here  the  two  lines  are  really  brought  into 
incidence,  and  the  indistinctness  of  the  other 
i  ii  tions  of  the  impressions,  added  to  the  circum- 
aiice  that  one  or  other  of  the  separated  portions 
the  images,  by  a  peculiarity  of  vision,  dis- 
riears  and  without  minute  scrutiny  may  be 
rngether  overlooked.    He  holds  the  vision  of 
le  two  combined  pictures,  in  solid  relief  by 
leans  of  the  stereoscope,  to  be  produced  by  the 
iine  process  of  vision  as  that  by  which  objects 
lemselves  are  seen  in  relief  by  the  unassisted 
es.    For  the  full  explanation  of  this  theorj', 
■  reader  is  referred  to  Brewster's  Optics  and  his 
lit  elegant  work  on  the  stereoscope ;  biit  tlie 
iieral  nature  of  it  may  be  understood  from  what 
Hows.    Every  object  is  seen  double  and  indis- 
nct  except  the  point  on  which  the  optic  axes 
nverge,  and  it  is  only  by  a  rapid  movement  or 
[ilaj'"  of  the  optic  axes  from  point  to  point 
at  a  perfect  impression  of  the  whole  of  an 
'ject  or  scene  is  presented  to  the  mind.  While 
i  s  rapid  alteration,  of  the  position  of  the  point 
mvergence  of  the  optic  axes  is  thus  necessary 
give  a  correct  and  single  impression,  it  is  at 
i;  same  time  most  useful  in  determining  the 
irious  distances  of  the  different  parts  to  whicli 
is  directed,  or  of  indicating  their  relief  Thus, 
fig.  3,  the  two  eyes  are  represented  as  directed 
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?  9uch  a  manner  that  tlie  images  of  the  object 
(fell  upon  E  and  e',  the  two  points  of  distinct 
»8ion,  or,  in  other  words,  the  optic  axes  con- 
tp-ge  on  o.  Any  other  object  d  will  be  seen 
ttuble  and  indistinct  till,  by  an  exertion  of 


muscular  effort,  the  optic  axes  are  so  turned 
that  they  converge  on  it,  when  its  images  e  and 
e'  move  to  e  and  e',  the  points  of  distinct  vision, 
and  it  is  at  once  seen  single  and  distinct.  This 
muscular  change  is  accompanied  by  a  sensation 
which  points  out  the  alteration  of  the  position 
of  the  point  of  convergence  of  the  optic  axes, 
and  of  course  the  nearness  or  gi-eater  distance  of 
the  point  to  which  they  are  directed.    In  look- 
ing at  the  different  distances  imitated  on  a  pic- 
ture, no  such  change  of  the  distance  of  the  point 
of  convergence  is  required,  and  hence  the  sense 
of  flatness  perceptible  in  looking  at  such  a 
delineation.    In  ordinary  vision,  then,  it  is  the 
opening  out  and  closing  in,  so  to  speak,  of  the 
optic  axes,  which  indicates  the  difference  of  dis- 
tance or  the  degree  of  relief  of  objects  one  from 
another,  and  this  is  the  chief  reason  why  the 
eyes  have  been  placed  apart  instead  of  being 
united  like  the  two  halves  of  the  nose  in  the 
middle  of  the  face.    The  explanation  of  solid 
vision,  by  means  of  the  stereoscope,  immediatel^y 
follows  from  this  as  the  stereoscopic  pictures  are 
nothing  else  than  the  two  views  as  taken  by  the 
two  eyes  separately  and  laid  near  each  otlier  so 
as  to  be  easUy  made  to  appear,  by  reflection  or 
refraction,  as  if  they  came  from  the  same  object. 
The  stereoscope  then,  so  to  speak,  lays  the  one 
view  over  the  other  and  produces  the  same 
degree  of  coincidence  as  in  common  vision,  that 
is  a  coincidence  of  one  point  with  the  corre- 
sponding point  of  the  other  view. — The  play  of 
the  optic  axes  from  point  to  point  accomplishes 
the  successive  unions  of  the  duplicate  impressions 
from  the  two  pictures,  as  has  already  been  ex- 
plained, with  regard  to  vision  with  two  eyes. 
It  is  because  of  this  alteration  of  the  distance  of 
the  point  of  convergence  of  the  optic  axes,  neces  - 
sitated  by  the  two  distinct  pictures,  that  the 
perception  of  relief  arises.    Sir  David  Brewster 
further  shows  how  the  exact  amount  of  relief  or 
difference  of  distance  of  objects  can  be  determined, 
and  denominates  this  the  faculty  of  seeing  depth 
or  a  third  dimension  in  space.    There  is  no 
doubt  but  in  the  main  this  is  the  true  explana- 
tion of  stereoscopic  vision,  but  it  would  appear 
rather  that  the  perception  of  difference  of  distance 
is  got  in  this  way,  and  that  the  amount  of  it  is 
a  matter  of  inference  from  the  known  nature  of 
the  objects  and  the  other  probabilities  from  the 
appearances  which  they  present.    This  last  sur- 
mise might  be  easily  strengthened  by  arguments 
drawn  from  the  fact  that  the  same  amount  of 
change  of  the  angle  of  convergence  of  the  o])tic 
a.xes,  might  indicate  in  passing  from  a  church 
tower  to  a  mountain  side,  a  distance  of  many 
miles,  or  in  passing  from  one  leaf  to  another  in 
the  near  ground,  a  separation  of  only  as  many  feet 
or  yards,  and  also  from  the  circumstance  that 
even  in  ordinary  vision,  the  mind  is  so  exceed- 
ingly easily  deceived  in  estimating  distances  by 

tlie  impressions  received  by  means  of  the  eyes.  

Sir  D.  Brewster  has  shown  that  the  ancients 
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■were  to  a  considerable  extent  acquainted  with 
some  of  the  principles  upon  which  the  stereo- 
Sijope  is  based,  particularly  witli  tlie  difference 
between  the  impression  obtained  by  the  two 
eyes,  but  there  can  be  no  doubt  but  that  it  is  to 
Mr.  Wheatstone  of  London  that  the  world  is 
indebted  for  the  first  tangible  discovery  of  the 
instrument.— In  the  year  1838  Mr.  Wheatstone 
presented  to  the  British  Association  his  reflect- 
ing stereoscope,  with  views  of  geometrical  figures 
drawn  from  two  separate  points  of  sight.  These 
figures,  being  put  into  the  instrument  and  viewed 
by  means  of  the  reflecting  mirrors,  appeared  to 
occupy  the  same  position,  and  presented  the 
astonisliing  aspect  of  full  and  real  relief,  the 
aripect  of  a  mere  picture  having  vanished.  This 
instrument,  although  now,  and  perhaps  tempo- 
rarily, superseded  by  the  refracting  stereoscope, 
is  still  for  many  reasons  interesting.    In  fig.  4, 


Fig.  4. 

E  and  e'  represent  the  two  pictures  on  their  sup- 
ports D  D'.  The  mirrors  A  and  a',  inclined  as 
shown,  are  so  placed  that  when  the  face  of  the 
observer  is  approximated  to  the  line  of  their 
junction,  one  eye  sees  the  one  picture  in  m  and 
the  other  sees  the  other  picture  in  m',  and  by  a 
little  adjustment  the  reflected  images  appear  to 
emerge  from  the  same  position,  and  are  easily 
combined  into  one,  as  has  already  been  described. 
— The  Lenticular  stereoscope,  as  it  has  been 
named  by  its  inventor,  Sir  David  Brewster,  is 
another  form  of  the  instrument,  and  even  more 
simple  in  its  construction.    It  is  now  made  of 


many  dinbrent  forms,  one  of  which  is  represented 
in  the  annexed  fig.  It  consists  of  a  box,  somewhat 
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of  the  shape  of  a  double  opera  glass,  for  holding 
tiie  pictures  and  excluding  stray  light  and  ex- 
traneous objects  from  the  view,  and  a  pair  of 
refracting  eye-pieces  for  producing  the  approxi- 
mation of  the  images  of  the  t^vo  pictures.  These 
eye-pieces  are  composed  of  a  sliding  tube  con- 
taining half  a  lens,  the  lens  being  double  con- 
vex and  of  about  six  or  seven  inches  focal 
length.  The  semi-lenses  are  so  placed  that  their 
two  thin  edges  are  next  each  other.  In  tig.  6, 
F  and  li-'  represent  the  two  pictures,  l  and  U  the 
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Fig.  6. 

semi-lenses  refracting  the  rays  which  pass  through 
them  in  such  a  manner  that  they  arrive  at  the 
eyes  e  and  e'  as  if  they  came  from  one  single 
picture  placed  at  p.  In  the  best  stereoscopes  the 
eye-pieces  are  made  to  slide,  that  the  lenses  may 
be  drawm  neai'er  or  farther  from  each  other,  so 
as  to  enable  the  eyes  to  take  advantage  of  more 
or  less  powerfully  refracting  points  of  the  surfaces, 
and  thus  produce  the  desired  degree  of  super- 
position of  the  images  Now  that  photography 

affords  the  means  of  taking  two  absolutely  cor- 
rect representations  of  any  object  or  scene  from 
two  points  related  to  each  other  in  the  same 
manner  as  the  two  eyes  of  an  obser\-er,  nothing 
could  be  more  perfect  than  the  results  accom- 
plished bj'  the  stereoscope.  Views  of  statues, 
gardens,  forests,  cities,  glaciers,  and  the  whole 
variety  of  natural  scenery,  from  the  tortuous 
ravine  to  the  far  extending  plain  or  boundless 
expanse  of  mountain  distance,  can  be  presented 
to  the  stereoscopic  observer,  with  an  accuracy  and 
fulness  of  impression  which  may  be  truly  called 
wonderful.  To  those  who  complain  of  the  flat- 
ness and  want  of  relief  in  pictures,  the  mar\'el- 
workuig  stereoscope  will  accomplish  all  they  caa, 
desire. 

Storms.  These  are  of  various  sorts,  viz-, 
strong  gales  of  Avmd,  regular  and  rotatory  hur- 
ricanes, such  as  typhoons  and  thunder-storms.  Seft 
TnuNDKR-sTOUM  and  Winds. 

Sirniii.    See  Elasticity. 

Streiisih.    See  Elasticity. 

SircsN.    See  Elasticity. 

Sun.  Tiiis  majestic  orb,  the  centre  of  all 
planetary  movements — the  source  of  the  liglit  and 
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iieat  enjoyed  by  the  worlds  that  roll  around  it, 
has  a  diameter  of  no  less  than  882,000  miles — 
about  3-7  times  our  distance  from  the  moon ! 
Its  density  is  comparatively  small,  omng,  it 
may  be,  to  the  intense  heat  which  must  prevail 
u  ough  a  large  portion  of  its  mass.  That  den- 
y  is  only  one-fourth  the  density  of  the  earth, 
- )  that  the  mass  is  not  proportional  to  the  size — 
being  only  354936  times  the  mass  or  weight  of 
the  earth.  Gravity  at  its  surface  is  27-9  times  the 
amount  of  terrestrial  gravity ;  in  other  words,  a 
body  estimated  by  a  spring  balance  at  one  pound 
on  the  earth's  surface,  would  at  the  surface  of 
the  sun  exert  a  force  27-9  times  as  large.  This 
iireat  globe  however,  presents  one  important 
analogy  with  the  planets ;  it  rotates  on  an  axis — 
making  an  angle  of  7°  9'  with  the  plane  of  the 
earth's  orbit — in  twenty-five  days,  eight  hours, 
and  nine  minutes.  The  amount  of  light  sent 
forth  by  the  sun  is  not  exactly  measureable. 
The  amount  of  heat  has,  by  aid  of  the  Pyrhe- 
liometer  of  Pouillet,  and  the  Actinometers  of 
Herschel  and  other  physicists,  been  approxi- 
mately computed.  The  amount  is  certainly  enor- 
mous. It  is  equivalent  in  mechanical  effect  to 
'.lie  action  of  7,000  horse  power  on  every  square 
toot  of  the  solar  surface,  or  to  the  combustion  on 
every  square  foot  of  upwards  of  13  J  cwts.  of 
coal,  per  hour!  Concerning  the  relative  heating 
powers  of  different  parts  of  the  sun's  surface  also, 
-omething  definite  can  now  be  said.  When  an 
image  of  the  sun  is  projected  on  a  disc  and  ac- 
curately examined,  it  is  found  that  the  heat  at 
the  centre  is  almost  twice  as  great  as  at  the 
liorders — a  fact  ver}'  intelligible  if  we  can 
imagine  the  sun  engirt  by  an  extensive  atmo- 
sphere ;  the  rays  of  heat  from  the  edges  having 
to  penetrate  obliquely  through  that  atmosphere, 
must  in  great  part  be  obstructed.  But  there  is  be- 
sides a  variation  in  heat  according  to  the  circles 
of  declination.  The  solar  equatorial  regions  are 
certainly  hotter  than  the  polar,  and  the  deter- 
minations of  Secchi  would  seem  to  establish  that 
this  law  holds  very  much  as  the  same  thing 
takes  place  on  the  earth,  i.  e.,  the  heat  diminishes 
according  to  a  gradation,  as  the  circle  of  declina- 
tion is  distant  from  the  equator.  This  latter 
fact  is  of  greatest  importance — rendering  it  cer- 
tain that  something  essentially  altin  to  the 
-vstems  of  winds  prevailing  within  the  atmo- 
spheres of  the  earth  and  other  planets,  must  also 
iiold  within  the  ga.seous  envelopes  of  the  sun. — 
lint  we  must  proceed  to  minuter  details,  and  ar- 
range our  account  of  them  in  logical  order. 

(1.)  Conslitulion  of  the  Sun. — The  phenomena 
t'lat  have  led  to  some  knowledge  of  the  structure 
"f  this  vast  orb,  are  those  curious  spots  that  appear 
and  disappear  80 frequently  on  itssurface,  andwhiuli 
I  y  their  progressive  motion  across  its  disc  revealed 
to  their  first  discoverer,  Galileo,  the  remarkable 
fact,  that  the  sun  rotates  on  its  axis  like  the 
planets,  carrying  the  spots  along  with  it.  Tlic 
light,  however,  which  theise  cast  on  the  nature  of 
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the  substance  of  this  orb,  was  not  realized  until 
the  times  of  Dr.  Alexander  Wilson  and  Sir 
William  Herschel.  The  former  astronomer, 
earliest  beyond  a  doubt  exhibited  the  cardinal 
fact  of  this  Inquiry.  Some  remarkable  features 
that  invariably  characterize  a  solar  spot,  had  at- 
tracted his  attention ;  and,  accident  as  he  mo- 
destly said,  enabled  him  through  them  to  reacii 
the  whole  significance  of  the  phenomenon.  These 
features  are  as  follows : — When  the  spot  is  near 
the  middle  of  the  sun  it  consists  of  a  very  dark 
centre,  around  which  there  is  a  comparatively 
dim  envelope,  called  the  umbra.  Every  spot 
exhibits  this  appearance.  Now,  fi'om  22d 
March,  1769,  Wilson  had  the  opportunity  of 
following  a  very  remarkable  spot  in  its  course 
from  one  border  of  the  sun  to  the  other ;  and 
certain  facts  struck  him  as  certainly  fundamental 
in  every  theory  as  to  the  constitution  of  that 
globe.  When  the  spot  was  in  the  centre  of  the 
disc,  the  whole  encircling  umbra,  as  well  as  the 
dark  middle  portion  was  distinctly  visible :  as 
the  spot  approached  one  border,  the  umbra  on  the 
side  nearest  the  obsei-ver  became  gradually  more 
and  more  fore-shortened,  while  the  umbra  on  tlie 
other  side  grew  broader  and  broader;  and  at 
length,  as  the  spot  was  disappearing — that  is, 
passing  the  edge  of  the  limb — the  near  side  of 
the  umbra  and  the  dark  central  region  also 
vanished,  nothing  remaining  except  the  opposite 
umbra,  which  continued  distinct.  And  when 
the  spot  reached  the  sun's  other  border,  and 
again  approached  its  centre,  there  occurred  pre- 
cisely the  opposite  phenomena,  viz.,  the  gradual 
appearing,  first  of  the  dark  centre,  then  of  the 
near  umbra,  and  its  progressive  widening,  until 
when  the  object  reached  the  middle  of  the  solar 
disc,  the  umbra  seemed  a  uniform  girdle  as  be- 
fore. Wilson  found  these  changes  of  aspects  re- 
peated in  the  case  of  every  spot  he  observed,  and 
they  are  now  known  to  be  imiversal. — There  is 
an  easy  means  by  which  the  significancy  of  the 
changes  described  may  be  made  palpable.  Let  the 
reader  place  before  himself  a  common  terrestrial 
globe,  rotating  arotmd  its  axis,  and  fancy  a  hole 
in  one  part  of  it,  with  shelving  sides  and  a  black 
bottom.  When,  in  the  course  of  its  revolution, 
the  visual  ray  through  the  opening  reaches 
the  centre  of  the  disc,  the  lohole  would  be  seen 
(as  the  pit  could  then  be  looked  dow  into  di- 
rectly)— the  dark  base  as  well  as  the  shelving 
sides.  But  when  placed  on  either  edge  of  the 
disc,  it  is  clear  that  the  pit  would  assume  a  really 
different  appearance — only  the  opposite  shelving 
side  would  be  visible  in  such  situations :  and 
this  was  exactly  what  Wilson  always  found  in 
the  aspect  of  a  spot  during  the  revolution  of  tin- 
sun.  It  was  daring  at  the  time  to  pronounce  an 
opinion  that  tliese  hitherto  puzzling  phenomena 
are  really  holes  in  the  surface  of  the  sun' s  mass — 
pits  opened  in  it,  revealing  his  internal  constitu- 
tion :  but  everyjnew  step  of  genius  is  a  boldness, 
sometimes  even  a  rashness!    And  Wilson  smv 
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that  he  had  discerned  how  the  hitherto  mysteri- 
ous construction  of  that  magnificent  orb  might 
at  length  be  made  known.     Most  worthy  was 
this  conquest,  of  the  medal  struck  in  honour  of  it, 
by  the  enlightened  Danish  Kings! — It  followed 
at  once,  from  Wilson's  capital  achievement,  that 
our  magnificent  luminary  is  no  chaotic  conflagra- 
tion as  had  hitherto  been  supposed  by  all  men : 
and  to  the  investigation  of  what  it  really  is,  the 
singular  powers  of  the  elder  Herschel  came 
quicldy  in  aid  of  the  efforts  of  his  friend.  With 
both  of  these  illustrious  men  it  seemed  an  un- 
questionable first  impression,  that  the  surface 
thus  broken  by  chasms,  must  be  an  elastic  or 
gaseous  fluid ;  for,  notwithstanding  the  magni- 
tude of  the  spots — sometimes  reaching  even 
50,000  miles  in  diameter — they  open  and  close 
with  a  rapidity  altogether  marvellous,  often  sur- 
passing the  rate  of  a  thousand  miles  a  day. 
Granting  then,  first,  that  this  light-giving  sur- 
face is  a  phosphorescent  gas,  what  is  the  umbra? 
— and  what  the  dark  internal  space  ?    And  to 
these  engrossing  questions,  Herschel,  without 
delay,  applied  the  energies  of  a  mind  that  ever 
and  anon  was  flashing  into  the  unknown.  It 
'  seemed  to  that  penetrating  genius — and  no  other 
theory  will  yet  resolve  the  fact — that  the  sun 
consists  mainly  of  a  dark  mass,  like  the  body  of 
the  earth  and  other  planetary  globes,  which  is 
surrounded  by  two  atmospheres  of  enormous 
depths — the  one  nearest  him  being  less  luminous, 
while  the  loftier  stratum  consists  of  those 
dazzling  phosphorescent  zephyrs  that  bestow 
light  and  heat  on  so  many  sun-ounding  spheres. 
In  this  view  the  following  is  the  real  meaning  of 
a  solar  spot.    By  some  unknown  force  these  at- 
mospheres are  disturbed  and  opened :  the  phos- 
phorescent zephyrs  being  flung  aside,  we  descry 
the  shelving  edges  of  the  less  luminous  stratum 
— which  is  the  umbra ;  and,  below,  the  dark  and 
sombre  and  more  sheltered  body  of  the  great 
globe,  as  the  central  spot.    These  remarkable 
conclusions  by  Herschel  have  never  been  invali- 
dated, but  rather  confirmed  and  added  to  by  sub- 
sequent discovery.    Beneath  the  umbral  bed, 
Mr.  Dawes  has  recently  descried  a  thick  stratum 
of  comparatively  faint  luminosity,  on  which  he 
b&stows  the  name  of  the  cloudy  stratum.  It 
gives  the  impression  of  considerable  depth  below 
tiie  shelving  sides  of  the  umbra;  and  it  ap- 
pears not  self  luminous  but  rather  of  a  nature  to 
absorb  a  viist  quantity  of  light  and  reflect  little : 
its  faint  illumination  is  rarely  uniform,  pre- 
senting throughout  the  appearance  of  a  mottled 
and  cloudy  surface.    In  the  heart  of  this  tlurd 
structure  lies  the  central  black  opening.— The 
thickness  of  the  two  first  of  these  strata  was  ap- 
proximatclv  measured  by  Herschel.     Ho  esti- 
mates the  "thickness  at  several  thou.sand  miles ; 
and  it  is  probable  that  the  inmost  bed  is  thicker 
Btill.    Conceive  then  of  the  sun  as  a  solid  mass, 
engirt  at  first  by  a  bed  of  dense  clouds,  not 
dissimilar  perhaps  to  the  atmosphere  of  the 
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earth.  On  the  top  of  this,  a  floating  phosphor 
cent  or  luminous  mass  of  amazing  depth,  the 
lower  part  of  it  splendid,  but  the  upper,  of  lustre 
altogether  dazzling,  and,  from  which,  streams 
the  flood  of  light  that  enlivens  all  surround- 
ing spheres.  Nor  has  discovery  stopped  even 
here.  Beyond  and  above  this  sphere  of  light  is  an- 
other atmosphere,  seemingly  transparent,  stretch- 
ing away  into  space  a  distance  that  cannot  yet 
be  computed.  This  last  or  upper  atmosphere 
cannot  be  seen  in  ordinary  circumstances  because 
of  the  overwhelming  powers  of  the  solar  rays ; 
but  when  the  sun  is  totally  eclipsed,  its  presence 
bursts  upon  the  astonished  beholder  in  the  form 
of  a  glory  surrounding  the  dark  disc  of  the  moon. 
And  in  the  lower  regions  of  that  halo,  portions 
of  the  light-giving  mass  are  found  floating,  giv- 
ing rise  to  those  strange  phenomena  that  on  the 
occurrence  of  the  two  last  total  solar  eclipses,  so 
deeply  interested  all  observers. — Such  the  leading 
phenomena  that  have  thrown  the  earliest  and 
faint  though  assured  light  on  the  physical  struc- 
ture of  our  vast  central  Luminarj-. 

(2.)  Special  Consideration  of  the  Solar  Spots. — 
There  appears  no  rest  whatever  in  the  atmospliere 
of  the  sun.    Over  all  its  surface  waves  of  light 
seem  to  dart  incessantly,  assuming  the  most 
varied  aspects.    The  bright  part,  as  Herschel 
eariy  discerned,  is  full  of  inequalities ;  showim? 
certain  parts  more  brilliant  than  the  rest— some- 
times round,  sometimes  elongated — as  if  they 
were  mountain  billows  (a  conception  recently 
confirmed  by  the  keen  sight  of  Mr.  Dawes),  of 
various  forms  in  that  light  ocean.    Then  there 
are  large  darker  spaces,  extending  over  immense 
tracts,  but  showing  no  dark  centre— these  are 
Herschel's  shallows.    After  these  must  rank  the 
true   spots,  or  caverns,  often  surrounded  by 
a  ridge  of  intense  light,  like  the  wall  of  a  lunar 
crater.    When  such  objects  are  examined  as  a 
class,  we  discern  several  circumstances  too  re- 
markable not  to  lie  among  the  foundations  of  all 
rational  theories  regarding  them.    First,  though 
they  have  no  relation  to  any  individual  point  or 
portion  of  the  sun's  surface— the  same  spot  ne^^:r 
having  been  known  to  re-appear  in  the  same 
place,  or  indeed  to  re-appear  at  all— they  are  yet 
closely  related  to  a  large  district,  for  they  are 
confined  to  a  zone  extending  30°  on  each  side  of 
the  sun's  equator,  which  may  somehow  connect 
them  with  the  phenomenon  of  the  rotation  of  that 
Orb.    Secondly,  they  are  not  stable  on  the  sun  s 
surface,  but  enjoy  proper  motions  apparently  of » 
singular  and  strikingly  symmetrical  kmd.  A<^ 
cording  to  the  indications  of  U.  Laugier,  tiiev 
woidd  seem  on  each  side  of  the  equator  to  a\y 
proach  the  nearest  pole,  and  by  paths  wonder- 
fully corresponding ;  so  that,  strange  though  it 
seems,  even  these  chasms  so  tremendous  and 
evanescent,  arc  bound  together,  as  a  syste»h 
by  some  grand  law.     Lastly,  they  present  m 
many  cases  verv  extraordinary  aspects  when 
they  are  just  disappearing.     Most  frequeutlyi 
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i  haps,  a  spot  closes  in,  gradually,  although  with 
eat  rapidity  ;  but  often  it  splits  before  it  closes 
— light  ridges  darting  across  the  central  space 
\\  ith  a  speed  truly  astonishing.    The  one  vast 
I  liasm  is  thus  resolved  into  many;  and  these 
have  been  known  to  separate  from  each  other  and 
iai  t  along  in  new  and  disturbed  paths,  in  a  man- 
ner not  unfitly  compared  to  the  fragments  of  a 
ake  of  ice  which  has  been  thrown  with  violence 
Li))on  the  smooth  surface  of  a  frozen  pool.  The 
play  of  sudden,  tremendous,  and  evanescent 
loi-ces,  connected  in  some  way  with  the  Sun,  and 
made  apparent  by  these  surgings  and  burstings  of 
-  atmospheres,  has  thus  become  an  absolute 
ct.   But  whence  and  what  are  these  forces  ?  — 
u  hither  shaU  the  inquirer  travel  in  search  of  in- 
iications  of  their  nature  ?  If,  unappalled  by  the 
iiajesty  of  the  orb  in  which  they  proceed,  we 
iropose,  under  consciousness  of  the  all  prevalence 
if  law,  to  seek  out  something  analogous  in  our 
n\n  planet,  we  shall  find  that  nowhere  save 
miong  the  phenomena  of  the  Winds.    But  the 
uialogy  is  everywhere  strikmg,  probably  most 
emarkable  of  all  in  respect  of  the  more  complex 
iiid  imposing  aspects  of  the  sun.    In  reference  to 
he  famlae,  or  bright  parts,  which  we  deem 
leapings  up  of  the  shining  atmosphere,  as  well 
15  to  the  shallows,  which,  with  the  faculae,  are 
nterspersed  over  it,  one's  attention  is  invariably 
Irawn  to  the  gi-eat  barometric  changes  that  take 
lace  on  the  surface  of  our  globe.    Until  recently 
hese  seem  to  have  been  attributed  wholly  to  the 
ntemal  changes  of  a  column  of  almost  unvary- 
ng  height ;  and  the  possibility  of  irregularities  of 
n  v  degree  of  permanency  on  the  surface  of  the 
tmosphere  was  not  recognized.     But  in  the 
resent  state  of  speculation  they  are  considered 
iiisequences  of  the  Winds,  which,  while  they 
l  iuce  internal  changes  in  the  column,  must  also 
iiisevast  surgings  throughout  the  whole  mass, 
111  whoUy  disturb  the  contour  of  the  surface, 
he  disturbances  are  of  great  extent,  and  endure 
s  long  as  the  conflict  of  the  aerial  cun-ents. 
\'hat  we  only  infer  here,  from  the  barometer,  is 
ms  seen  in  the  sun :  and  the  shallows  in  its  highly 
la.-itic  covering  demonstrate  the  possibility  of  ap- 
arently  the  most  paradoxical  of  all  recent  me- 
^orological  dicta — the  existence  of  atmnspherir. 
ilkys.    If  we  are  right  then,  the  signiticance  of 
lese  remarkable  phenomena  is  clear.    They  in- 
icate  the  surging  of  the  solar  aerial  masses — 
ley  are,  in  part,  the  markings  of  the  solar 
aromelers ;  and  through  them,  one  day,  may 
)me  to  Science,  a  knowledge  of  how  the  winds 
ill  there,  and  what  are  their  grand  periods, 
lit  let  us  hasten  to  what  is  far  more  striking; 
le  spots  of  our  terrestrial  atmosphere.  AVho, 
I  recent  times,  has  not  rejoiced  that  the  de- 
ructive  hurricanes  of  the  tropics  are  at  length 
luced  within  law — and  learnt  without  i)rofound 
iierest  the  mysteries  of  their  constitution  and 
■iirse?    It  is  thoroughly  established  that  these 
e  miyhly  whirlmnds,  huge  rotating  cylinders 
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of  air,  whose  base  is  on  the  earth,  and  whose  top 
may  penetrate  to  our  highest  regions — cylinders 
revolving  with  terrific  fury,  and  at  the  same  time 
slowly  advancing  infixed  courses,  along  the  surface 
of  the  earth.   Now,  observe  the  chief  phenomenon 
of  a  whirlwind.    Look  at  the  dimple  in  a  river 
— a  little  whirlpool :  invariably  its  centre  is  hol- 
low.   In  a  small  whirlwind  too,  straws  and  dust 
rise  up  through  its  centre  as  if  it  were  a  vacuum ; 
and  seamen  have  long  known  the  dreadful  mean- 
ing of  that  sudden  calm  after  a  storm,  during 
which  the  barometer  sinks  at  once :  they  have 
got  into  the  heart  of  the  whirling  elements,  and 
on  no  side  is  escape!    If  that  hurricane,  then, 
were  looked  at,  or  could  be  seen  from  above,  it 
would  have  the  aspect  of  a  hole  or  perforation 
in  the  atmosphere  moving  slowly  along  in  a  cer- 
tain path  to  which  all  on  its  side  of  the  equator 
seems,  as  in  the  case  of  the  sun,  to  conform  in 
nature.    Indeed,  the  thought  is  overwhelming, 
when  from  these,  terrific  as  they  are,  we  pass  to 
tornadoes,  apparently  similar  in  the  atmosphere 
of  the  sun,  by  whose  inconceivable  violence  an 
opening  of  50,000  miles  in  diameter  may  be 
made  ;  extendmg,  too,  through  the  whole  depth 
of  that  atmosphere,  probably  several  thousand 
miles.    And  yet,  is  not  the  electric  spark  with 
which  the  child  disports  itself  a  key  to  the  rend- 
ing tropic  thunder?    Is  not  the  power  of  life 
which  sustains  the  smallest  wild  flower,  exactly 
that  which  infuses  strength  into  the  giant  pine, 
and  causes  it  to  evolve  its  mighty  branches? 
But,  further  still,  those  tornadoes  of  ours  pass 
away  like  the  tornadoes  of  the  sun — generally 
dying  out  in  singleness,  although  often  changing 
their  fonns,  and  sometimes  separating  first  into 
minor  furious  hurricanes.    A  striking  example, 
viz.,  the  storm  of  December,  1821,  has  been  of  all 
others  the  most  amply  discussed — having  at- 
tracted the  attention  and  engaged  the  acuteness 
of  M.  Dove,  one  of  the  most  distinguished  of  Ger- 
man meteorologists.    Embracing  an  immense 
tract  of  country,  it  swept  Europe  as  one  single 
and  tremendous  whirlwind;  but  as  the  advancing 
circle  struck  on  the  peaks  of  the  Spanish  moun- 
tains and  of  the  maritime  Alps,  new  and  smaller 
storms  were  developed ;  which,  with  the  same 
characters,  rushed  with  devastating  fuiy  through 
all  the  valleys — smaller  in  diameter  but  equal 
in  energy  to  the  original  hurricane.    And  thus 
that  tornado  split  up,  and  its  fragments  dashed 
away,  also  like  a  broken  cake  of  ice,  before  the 
peace  of  our  atmosphere  was  restored  !    Nor  do 
■\vo  rest  with  mere  vague  analogies.  One 
prime  condition  of  the  phenomena  of  those  hur- 
ricanes is  common  to  the  earth  and  the  sun. 
Our  luminary,  like  its  humble  attendant,  has  a 
Torrid  Zone;  and  therefore,  those  aerial  currents 
which  are  produced  by  that  distribution  of  heat 
and  the  rotation  of  the  oib.    But  to  the  trade 
winds  of  the  earth,  we  owe,  if  not  the  origin  of 
hurriraiios,  at  least  tlioir  paths;  and  corresponding 
^vinds  in  the  sun  must  corre.spondii)gly  waft  the 
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spots  towai-fls  Northern  and  Southern  Temperate 
Zones.  Farther  yet;  one  of  the  most  promis- 
ing observations  of  recent  years  has  removed 
all  doubt  concerning  the  supposed  rotation  of 
these  spots.  One  of  the  first  contributions  by 
Mr.  Dawes,  after  he  had  obtained  possession  of 
his  invaluable  solar  eye-piece,  established  this 
rotation.  Below  are  two  sketches  of  the  same 
spot  after  an  interval  of  six  days.    Seldom  has 


a  more  prolific  observation  been  published.  The 
dark  spot  had  clearly  rotated  around  the  black 
nucleus ;  and  farther,  how  tremendous  the  velocity 
of  rotation  !  Once  again,  may  we  look  for  the 
opening  of  a  new  era  in  our  knowledge  of  the 
sun;  for  photogi-aphy  is  promising  its  all  powerful 
aid.  An  apparatus  is  at  present  being  erected  at 
Kew,  under  the  care  of  Mr.  Ross.  Otiiers,  it  is 
lioped,  will  quickly  follow  it,  so  that  the  natural 
history  of  the  surface  of  our  luminary  may  soon 
be  written  by  itself 

(3.)  Source  of  the  Solar  TTeal:  further  Specu- 
lation concerning  the  Spots. — We  turn  for  a  mo- 
ment to  another  inquiry.  The  enormous  amount 
of  Heat  dispersed  from  the  sun  has  already  been 
estimated,  and  we  have  given  besides  some  indi- 
cations of  Law  as  to  its  relative  intensities  in 
different  Solar  Zones.  Whence  comes  this  Heat; 
what  is  its  source  or  fountain  ?  Speculating,  as 
we  must  do,  on  the  ground  of  known  analogies, 
or  rather  on  that  sole  ground  of  anj'  cosmical 
speculation — viz.,  that  the  phenomena  of  the 
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earth  are  the  result  of  universal  laws  whicli 
meet  and  intermingle  in  that  portion  of  spa.e 
we  term  our  globe, — we  find  only  three  possible 
sources  of  solar  Heat.  First,  Heat  would  radiate 
from  the  sun's  surface,  if  the  plobe  were  in  pro- 
cess of  cooling.    But  if  the  sun  have  no  internal 
power  from  which  to  supply  the  deficiency  caused 
by  such  radiation,  it  is  demonstrable  that  long 
ago  Heat  would  have  disappeared  from  his  sur- 
face, and  that  surface  would  have  become  dark. 
Secondly,  Is  the  Heat  evolved  by  chemical  action 
at  the  sun's  surface?    There  are  two  forms  of 
such  action — combustion  of  the  sort  that  demands 
the  presence  and  proportional  supply  of  an  aerial 
element  (oxj'gen);  or  such  combustion  as  occurs 
in  the  deflagration  of  gunpowder  or  of  gun-cot- 
ton.   As  to  the  first,  we  may  dismiss  it  as  im- 
possible ;  for  no  atmosphere  could  supply  the 
enormous  quantity  of  oxygen  rer^uired  to  sustain 
the  hourly  burning  of  fths  of  a  ton  of  coals  on 
every  square  foot  of  the  solar  surface,    Nor  are 
we  better  off  on  resorting  to  the  other  manner  of 
combustion.    If  the  sun  had  been  a  pure  globe 
of  gun-cotton,  and  been  capable,  as  such,  of  fur- 
nishing the  elements  of  this  enormous  heat,  his 
mighty  mass  would  have  wasted  and  disappeared 
in  the  course  of  a  brief  four  thousand  years. 
Thirdly, — One  resource  remains;  imagined  by 
many  physicists — held  out  hy  Sir  Jolm  Herscliel 
among  others — but  first  methodically  expounded 
by  Mr.  Waterston,  and  pressed  with  great  force 
by  Professor  Thomson  of  Glasgow.  Already  this 
doctrine  has  been  unfolded  in  the  pages  of  our 
Cj'clopajdia.    See  Heat.    Heat  results  from  the 
stoppage  of  any  mechanical  force,  in  amount 
equivalent  to  the  mechanical  effect  of  that  force. 
Reflect  on  a  meteor  or  shooting  star  entering  the 
earth's  atmosphere.    The  velocity  is  checked  by 
that  atmosphere,  and  its  vis  viva  converted  into 
heat  by  an  inexorable  Law, — a  heat  Avhich  at 
last  becomes  so  intense  as  to  melt  and  dissipate 
the  meteor  into  fragments  often  too  small  to  be 
noticed  when  they  reach  the  ground.  Multitudes 
of  such  meteors  exist  in  those  regions  of  the 
planetary  spaces  within  which  the  earth  moves; 
multitudes  infinitely  greater  must  crowd  the 
neighbourhood  of  the  sun ;  nay,  that  ^•isible 
annulus — the  Zodaical  Light — is  simply  a  ring 
of  such  meteors,  not  differing  in  kind  from  the 
annular  appendages  of  Saturn.    Lut,  how  enor- 
mous the  velocitj'  of  bodies  revolving  so  cloM 
on  the  sun,  and  therefore  how  great  their  vires 
vivw !    The  velocity  of  such  meteors  must  be 
nearly  400  miles  in  a  second  of  time;  and  the 
heat  may  therolore  be  calculated  that  woiikl 
supervene  on  the  extinction  of  their  force  as  they 
fall  on  the  surface  of  our  Luminary.  Shoulii 
the  planet  Mercury — forced  gradually  inwards 
through  cfl'cct  of  the  resisting  medium — ever 
reach  the  solar  surface,  as  much  heat  would  at 
once  be  generated,  and  flash  forth  into  space, 
the  entire  orb  dispenses  at  present  in  the  course 
of  three  years  I    If,  then,  the  Zodiacal  Light  i« 
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^'stantlj-  yiel(liTi|T  a  meteoric  rain  to  the  snrraee 
the  sun,  drawing  inwards  and  inwards  like 
turn's  rings,  how  easily  is  the  Heat  accounted 
.  r  I  Nor  can  valid  objections  be  brought  from  the 
c  onsideration  of  a  necessarj'  augmentation  of  the 
-nil's  volume  on  account  of  such  an  operation. 
The  entire  supply  would  be  realized  by  a  new 
iiinual  coating  of  (hirty  feet  in  depth — an  amount 
ivhich  in  two  thousand  years  would  have  added 
inly  twenty- three  miles  to  his  diameter,  and 
'I'uld  not  therefore  have  been  discerned  by  the 
Ifiscope.  "The  source  of  energ}'  from  which 
■l  iar  heat  is  derived,  is  thus — in  the  words  of 
'.'lofessor  Thomson — undoubtedly  meteoric.  It 
<  not  any  intrinsic  energy  in  the  meteors  them- 
I'h  es,  either  potential  or  of  mutual  gravitation, 
ir  chemical  affinities  among  their  elements,  or 
)f  actual  or  relative  motions  among  them.  It  is 
iltogether  dependent  on  mutual  relations  between 
hose  bodies  and  the  sun.  .  .  .  The  store  of 
iiergy  for  future  sunlight  is  at  present  partly 
l\  namical — that  of  the  motions  of  these  bodies 
.'und  the  sun ;  and  partly  potential,  that  of  their 
gravitation  towards  the  sun.  This  latter  is  being 
:raduaUy  spent,  half  against  the  resisting  me- 
lium,  and  half  in  causing  a  continuous  increase 
f  the  former.  Each  meteor  thus  goes  on  moving 
aster  and  faster,  and  getting  nearer  and  nearer 
be  centre,  until  sometimes  very  suddenly  it  gets 

0  much  entangled  in  the  solar  atmosphere  as  to 
egin  to  lose  velocity.   In  a  few  seconds  more  it 

1  at  rest  on  the  sun's  surface,  and  the  energy 
iven  up  is  vibrated  in  a  minute  or  Irwo  across 
he  district  where  it  was  gathered  during  so 
lany  ages,  ultimately  to  penetrate  as  light  the 
3motest  regions  of  space." — But  it  is  not  need- 
il  to  suppose  that  these  meteors  reach  the  solar 
-irface  in  the  solid  condition.    If  they  did  so, 
lat  luminary  would  present  an  equatorial  belt 
f  dazzling  brightness, — in  the  midst  of  Southern 
ml  Northern  regions  comparatively  dark.  (Is 
lis  an  indication  of  the  cause  of  the  bright 
luatorial  belt  of  Saturn?)    Long  before  they 
■ach  that  sphere  of  resistance  sufficient  to  im- 
ile  their  velocities,  and  so  to  convei  t  them  into 
it,  they  have  probably  been  changed  into 
!eoric  vapour  by  the  intensity  of  the  solar 
t,  and  have  been  revolving  around  him  in  a 
t'ioric  vortex,  shaped  as  a  spiral,  and  terini- 

i  ling  in  the  solar  atmosphere.  This  modification 
lects  in  no  wise  the  efficiency  of  these  meteors 
I  produce  heat.  Mingling  with  the  sun's  atmo- 
'here  and  retarded  by  it,  the  foregoing  effects 
lust  ensue,  every  one ;  but  in  the  case  of  friction 
'tween  gaseous  bodies,  we  can  understand  the 
:Tu.sion  of  the  resulting  splendour  across  the 
hole  solar  surface,  by  effect  of  the  resulting 
niospheric  agitations,  and  in  obedience  to  the 
xvs  of  the  eciuilibrium  of  clastic  fluids.  From 
"  h  friction  also,  or  rather  from  the  meeting  of 
aerial  floods,  eddies  may  arise,  and  other 
Jocularities;  eddies  that  at  times  will  result  in 
ighty  rotatory  storms,  like  our  own  tropic  hur- 


ricanes. Fortunate  that,  if  the  foregoing  specu- 
lation be  correct,  there  is  thus  a  sure  means  of 
confirming  it.  Further  observations  of  the  sun's 
light  atmosphere  —  that  definite  account  of  its 
aerial  currents  with  which  photography  is  sure 
to  supply  us — a  thorough  analysis  of  the  critical 
forms  and  habitudes  of  the  spots, — these  will  afford 
the  means  of  divesting  the  remarkable  inquiry 
of  all  that  apparent  vagueness  which  still  un- 
deniably attaches  to  it.  Nor  will  another  car- 
dinal fact  continue  without  significance.  An 
eleven  years  period,  in  the  number  of  the  spots, 
seems  already  established ;  at  least  no  other  con- 
clusion can  be  dra^vn  from  the  laborious  researches 
of  Schwabe  and  Wolf.  May  not  this  be  essen- 
tially connected  with  the  nature  or  the  nodes  of 
the  meteoric  vortex,  turning  as  a  spiral  around 
the  sun  ? 

(4.)  The  Sun's  Physical  Influences. — Besides 
being  the  controlling  power  of  the  motions  of  our 
system,  and  diffusing  light  and  heat,  the  sun 
exerts  other  influences,  varied  and  important. 
Indications  of  his  chemical  agencies— those  on 
which  the  new  and  precious  art  of  photography 
depends,  and  which  are  largelj'  connected  with 
the  progress  of  vegetation — are  found  in  various 
articles  in  this  Cyclopcedia :  and  under  Mag- 
netism Terrestrial,  we  have  shown  the  de- 
pendence of  the  magnetic  variations  upon  his 
position  relative  to  the  Northern  and  Southern 
hemispheres  of  the  earth.  But  his  action  in  this 
respect  is  not  altogether  measurable  by  that  rela- 
tive position.  A  strong  probability  has  appeared, 
that  the  position  of  the  sun's  poles,  in  reference 
to  our  globe,  is  not  an  indifferent  element  of  these 
very  complex  phenomena:  and  the  subject  is 
rendered  yet  more  mysterious  by  that  happy 
suD-gestion  by  Colonel  Sabine,  of  a  connection 
between  the  decennial  period  of  magnetic  dis- 
turbance, discovered  by  Lament,  and  the  period 
or  cycle  of  solar  spots  determined  by  Wolf  and 
Schwabe.  Nor  must  we  forget  that  apparent 
polarity  in  the  comets,  so  acutely  detected  and 
finely  illustrated  by  I3essel. — At  present  this 
vast  subject  is  only  opening;  but  the  prediction 
may  be  adventured  on,  that  in<iny  years  will  not 
elapse,  ere  the  activity,  the  zeal,  and  the  intelli- 
gence of  inquirers  shall  lead  to  further  and  mo- 
mentous generalizations. 

(5.)  The  Suns  Motion  in  Space  A  few  brief 

words  on  a  large  and  still  more  engrossing  theme 
must  close  the  present  article.  Ascending  from 
contemplation  of  the  sun  as  an  individual  orb, 
towards  the  idea  of  his  companionship  with  tiiu 
hosts  of  fi.Ked  stars,  the  question  involuntarily 
springs  up,  is  that  companionship  manifested  hv 
common  motions? — does  the  sun  move  in  some 
vast  orbit  through  space?  A  migluy  question  ! — 
already  is  so  far  answered  in  art.  Stars.  Sir  Wm. 
llersclicl  was  the  first  to  demonstrate  the  exis- 
tence of  such  a  motion  and  to  declare  its  direction. 
Observing  that  the  fixed  stars  in  one  part  of  our 
firmament  had  for  ages  apparently  been  drifiLn" 
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away  from  each  other,  while  the  stars  in  the  op- 
posite region  had  been  proportionally  closing  in, 
he  inferred  that  the  sun  is  moving  from  one  of 
these  regions,  and  towards  the  other;  and  he 
lixed  a  precise  spot  in  the  constellation  Hercules, 
as  the  point  whither  our  luminary  has  recently' 
been  advancing.  The  point  on  which  Herschel 
fixed,  in  1783,  was  in  257°  of  right  ascension, 
and  25°  north  declination.  Observe  how  aston- 
isliing  was  this  veteran's  sagacity !  As  years 
rolled  on,  better  and  far  more  numerous  deter- 
minations of  the  apparent  motions  of  the  tixed 
stars  were  obtained.  Consideration  of  the  great 
problem  was  then  resumed;  and  yet  the  new 
results  differ  but  by  a  very  small  comparative 
amount  from  what  Herschel  determined — view- 
ing the  problem  all  in  the  rough.  The  point  of 
direction  fixed  on  by  Otto  Struve,  is  this: — 


N.  D.. 


..250°  91' 
34:°-36. 


T^ot  the  direction  tnerely,  but  the  magnitude  of 
this  great  solar  motion,  may  now  be  declared. 
Our  luminary  sweeps  through  space,  at  the  an- 
nual rate  of  one  hundred  and  fifty  millions  of 
miles.    But  what  is  the  nature  of  his  path  ?  Is 
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it  a  mighty  carve?  W. bo,  where  its  centre,  what 
its  vast  radius,  and  what  the  duration  of  the  grand 
Solar  Year  ?  Problems  unquestionably  resolv- 
able, and  for  wliich  Stellar  Astronomy  is  slowly 
accumulating  the  adequate  materials.  The  com- 
pletion of  this  greatest  of  inquiries,  may  not  in- 
deed be  very  near  at  hand ;  uevertheles"s,  it  was 
assuredly  most  fitting  that  to  him  whose  un- 
rivalled sagacity  penetrated  the  secret  of  tlie 
multiple  stars,  tidings  should  first  come  of  th? 
Unity — the  perfection  of  our  majestic  system;' 
tidings  that  among  its  innumerable  hosts  not  on^ 
is  solitary  or  apart,  but  an  essential  element  of 
the  universal  scheme,  exchanging  sympathies 
and  action  with  all,  and  by  its  motions  visibly 
declaring  them ! 

Suspension  Bridges.    See  Bridge. 

Syuipicsomctcr.    See  Barometer. 

Synthesis.    See  Analysis  and  Geometry. 

Syringe,  Comlensing.    See  Air  Pump. 

Syzygics.  The  syzygies  of  a  planet,  or  of 
the  moon,  are  those  points  of  the  orbit  where  the 
body  is  in  conjunction  or  opposition  with  the  sun. 
The  quadratures  are  the  intermediate  points. 


T 


't'aurna.  The  second  constellation  of  the 
zodiac.  It  iS;  surrounded  by  Aries,  Eridanus, 
Orion,  and  Perseus :  its  position  in  the  heavens 
is  at  once  obtained  by  the  connection  of  its  bright 
sta.r  Aldebaran,  with  the  belt  of  Orion. 

Tclegrnph.  A  telegraph  (from  r»Xi,  afar, 
and  y^x^u,  to  write)  is  an  instrument  used  for 
the  purpose  of  conveying  intelligence  to  a  greater 
distance  than  the  sound  of  the  voice  can  reach, 
and  without  the  employment  of  a  messenger. — 
From  the  most  ancient  times  fires  were  used  as 
distant  signals.  To  these  have  been  added  the 
sounds  of  the  trumpet,  drum,  gong,  or  other 
instrument,  the  discharge  of  guns,  and  the  send- 
ing up  of  rockets.  The  Indians  of  America 
transmit  information  from  hill  to  hill  by  placing 
themselves  in  various  attitudes.  Whatever 
signal  was  employed,  its  import  was  understood 
by  previous  concert,  and,  by  an}'  of  tliese  methods, 
considerable  variety  of  intelligence  might  be 
convej'cd ;  but  that  depended  upon  the  ingenuity 
of  the  parties  employed  in  each  particular  case, 
and  it  is  surprising  how  long  a  period  elapsed 
Ijcfore  any  effort  was  made  to  establish  an  ex- 
tensive and  methodical  system. — One  of  the 
earliest  attempts  at  this  was  the  introduction  into 
our  navy,  by  order  of  tlio  Dulte  of  York  (afterwards 
James  II.)  of  signal  flags,  to  direct  the  manoeu- 
vres of  the  fleet,  each  flag  convej'ing  some  pecu- 
liar intimation.  In  the  year  IGOi  Dr.  Hooke 
proposed  a  telegraph  to  be  worked  by  suspending, 
on  poles,  objects  of  varioiu  shapes,  representing 
tlio  letters  of  the  alphabet,  and  subsequently  M. 
Amontons  exhibited  a  similar  system;  but 


neither  of  these  came  into  use. — In  1794  tb^ 
semaphore  (as  it  was  called)  of  M.  Chappe  was, 
introduced   into   public   employment   by  the 
French  government.    It  consisted  of  an  upright 
post  supporting  a  cross  bar,  in  the  shape  of  the 
letter  T.     The  cross  bar,  turning  on  a  pivot., 
could  be  placed  at  various  inclinations,  and  had 
two  smaller  arms  attached  to  its  extremities, 
also  capable  of  turning  upon  these,  so  as  to  form 
various  angles  with  them.     By  independent 
movements  of  the  different  parts  it  was  suscep- 
tible of  being  placed  in  one  hundred  distinct 
attitudes,  gi\ang  that  number  of  diflferent  signals. 
— As  there  are  many  ways  in  which  visible  signs 
may  be  made,  a  succession  of  inventors  arose 
proposing  a  great  variety  of  methods,  more  or 
less  useful.    In  any  of  the^e  the  signals  dis- 
played represented  eitlicr  letters,  numbers,  words, 
or  sentences,  as  might  be  thought  desirable. 
Tiie  words  and  sentences  were  arranged  in  dic- 
tion.aries,  and  found  by  means  of  the  numbers. 
— Whatever  method  was  emploj-ed,  lights  were 
used  by  night,  arranged  in  different  ways,  to 
sui)ply  the  place  of  the  da}'  apparatus,  which 
was  then  invisible.    It  was  necessary,  of  course, 
that  the  system  of  lights  exhibited  should  cor- 
respond witli  the  daylight  arrangements. — The 
telescope  was  usually  employed  to  assist  the  eye 
when  the  stations  were  far  apart;  but,  even  with 
that  aid,  all  such  telegraphs,  consisting  of  objects 
to  be  seen  at  a  distance,  depended,  for  their 
success,  on  the  state  of  the  weather.    A  hazy 
atmosphere  was  fatal  to  their  use,  and,  however 
long  a  fog  might  contmue,  all  communication 
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was  for  the  time  interrupted. — Other  mechani- 
ciil  processes  consisted  of  ringing  of  bells,  or 
making  other  signals,  by  means  of  wires,  or  by 
nir  or  water  enclosed  in  tubes ;  but,  for  great 
distances  these  were  all  found  to  be  practically 
useless. — As  soon  as  it  was  known  that  electricity 
could  be  conducted  along  wires,  it  began  to  be 
regarded  as  a  possible  means  of  conveying  in- 
formation, especially  when  it  was  ascertained, 
by  various  experiments,  that  the  distance  to 
which  it  might  be  led  was  apparently  unlimited, 
provided  that  perfect  insulation  of  the  wire  could 
be  obtained.    In  1747  Dr.  Watson  exhibited 
electrical  effects,  from  discharged  jars,  at  a  dis- 
tance of  two  miles  fi-ora  the  source  of  excitement. 
— From  that  time  down  to  1823  many  ingeni- 
ous and  partially  successful  attempts  were  made, 
both  in  England  and  on  the  continent,  to  render 
frictional  electricity  available  for  telegi-aphic  pur- 
poses ;  and,  in  many  instances,  these  contained 
the  embryoes  of  modern  processes.    The  indica- 
tions were,  in  the  greater  part,  used  to  represent 
the  letters  of  the  alphabet,  being,  in  some  cases 
given  by  sparks,  in  others  by  the  deflections  of 
pith  balls,  and  in  one  of  still  later  date,  by  per- 
forations made  m  paper  by  the  sparks.  Some- 
times a  separate  wire  was  employed  for  each 
letter,  and  at  other  times  with  a  single  wire,  the 
particular  letter  was  signified  by  the  number  of 
sparks  given  in  close  succession,  or,  as  in 
i:onald's_  telegraph  in  1816,  by  having,  at  the 
two  stations,  two  circular  plates  revolving  in 
I'xact  co-incidence,  by  means  of  clock-work,  so 
as  to  exhibit  the  successive  letters  of  the  alphabet 
snnultaneously  at  both  places,  and  by  causing 
two  previously  electrified  pith  balls  to  converge 
at  the  instant  the  desired  letter  made  its  appear- 
ance.   In  one  scheme  the  letters  were  displayed 
in  a  visible  form,  by  means  of  sparks  passing 
between  successive  pieces  of  tin  foil  properly 
arranged  on  panes  of  glass,  the  sparks  them- 
selves forming  the  letters,  and  each  letter  havin"' 
Its  own  wire.— The  wires  were  insulated  some- 
times by  being  suspended  in  the  air  with  silk 
threads,  sometimes  by  being  supported  on  posts 
jf  baked  wood,  and  at  other  times  by  being 
enclosed  in  glass  tubes  placed  in  wooden  troughs 
illed  with  pitch  and  sunk  in  the  ground.  But 
vith  electricity  of  high  intensity,  perfect  or  even 
;ood  insulation  was  extremely  difficult  of  at- 
amment.     When  electricity  of  low  intensitv 
•••as  discovered,  this  difficulty  was,  to  a  great 
•xtent,  removed;  but  others  took  its  place,  since 
rilvanic  electricity  failed  to  deflect  pith  balls 
1  emitted  no  sparks  without  previous  contact, 
otead  of  these  manifestations  of  the  electric 
:.'ency,  the  decomposition  of  water,  or  of  metallic 
'Its,  was  substituted,  but  with  unsatisfactory 
alts.    In  fact  no  useful  practical  attainment 
li  made  in  telegraphing  by  electricity  until 
rofessor  Oersted's  well-known  discovery,  in 
■^-'0,  that  the  compass  needle  is  deflected  from 
i  usual  direction  by  an  electric  current  flowing 
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in  a  course  parallel  to  it.    That  important  fact 
formed  the  basis  of  many  schemes  for  an  electric 
telegraph,  and,  among  others,  for  that  of  Messrs. 
Cooke  and  Wheatstone,  who  united  their  inven- 
tions, and  subsequently  committed  them  to  the 
management  of  a  company  formed  for  the  pur- 
pose, and  known  by  the  name  of  "  The  Electric 
Telegraph  Company."— Our  best  method  of  pro- 
ceeding wUl  probably  be  to  explain  the  instru- 
ments and  processes  of  that  company  in  the  first 
place,  smce  they  have  been  brought  to  great 
perfection  and  are  used  throughout  most  parts  of 
Great  Britam.    As  we  proceed,  or  subsequent!}', 
we  shall  briefly  point  out  the  various  deviations 
from  that  system  by  other  inventors. — It  has 
been  explained,  under  Electricity,  that,  with 
a  galvanic  battery  consisting  of  one  or  more 
cells,  in  each  of  which  is  a  pair  of  inetallic  plates 
with  acid  between  them,*  if  a  wu-e  pass  exter- 
nally between  the  two  extreme  plates,  a  current 
of  positive  electricity  flows  along  the  wire  from 
the  less  oxidizable  metal  to  that  which  is  more 
so,  or,  at  all  events,  a  certain  influence  to  which 
the  name  of  current  has,  by  common  consent, 
been  given.     By  some  it  is  considered  that  a 
current  of  negative  electricity  also  flows  along 
the  wire  in  the  opposite  direction.  Whether 
there  are  two  currents,  or  only  one,  is  a  pomt 
not  yet  established;  but  since  the  results  are 
the  same  on  either  supposition,  we  may  con- 
fine our  attention  to  the  positive  current  alone  or 
-ive  may  have  regard  to  both.    In  either  case 
that  extremity  of  the  battery  which  terminates 
m  the  less  oxidizable  metal  (as  copper,  sOver, 
or  platinum)  is  called  the  positive  pole  of  the 
battery,  and  that  which  terminates  in  the  more 
oxidizable  metal  (usually  zinc)  is  called  the 
negative  pole.— If,  then,  we  have  a  battery,  p  k 
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whose  positive  and  negative  poles  are  designated 
by  the  letters  p  and  n,  and  if  these  be  connected 
by  a  wire  as  in  fig.  1,  a  positive  current  will 
flow  in  the  direction  marked  by  the  arrow. 
But  if,  leaving  the  body  of  the  wire  undisturbed, 
we  cross  its  extremities  so  as  to  connect  tiieni 
with  tlie  opposite  poles,  without  permitting  tliem 

•  It  Is  (lifforent  In  the  case  of  tlic  old  voltaic  rile 
which  termlimtca  in  a  superfluous  iilnto  of  each  mct  i 
at  the  two  ends,  and  therefore  emitl  "d  i  os ItWc  ek^c- 
tr  city  from  the  zinc  and  negative  from  the  copper 
lliis  diversity  nis  introduced  Rreat  confusion  fexJ 
prcssion.  ]!y  "a  pair  of  plates"  we  ouKht  alVavs  Jo 
understand  t/iepair  in  the  same  cell.  ^ 
'J 
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to  toucli  each  other,  the  positive  current  will 
then  flow  along  the  wire  in  the  contrary  direc- 
tion to  that  in  which  it  moved  before;  that  is, 
in^the  direction  marked  bj'  the  arrow  in  fig.  2. 
—It  13  necessary',  for  telegraphic  purposes,  to 
have  the  means  of  turnhig  the  current  instan- 
taneously from  the  one  direction  into  the  other. 
It  is  easy  to  imagine  a  variety  of  wa^'S  in  which 
tlfis  may  ,be  done.  If,  for  instance,  the  wire 
were,  cut  through  at  the  points  A  and  b,  the  ends 
^.jOf  the  outer  portion  terminating 
at  these  points  in  two  brass  pins, 
and  the  ends  coming  from  the 
battery  being  left  loose,  nothing 
more  would  Le  necessary  than 
to  bring  one  of  the  loose  ends 
into  contact  with  the  brass  pin 
A  or  B,  as  might  be  required,  and 
the  other  with  the  opposite  pin. 
But  the  frequent  bending  of  the 
wires  may  be  avoided,  and  the 
process  otherwise  facilitated  thus : — Let  a  cy- 
linder c  c  be  fixed  between  the  two  wires 
in  such  a  manner  that  it  may  be  free  to 
turn  on  its  axis,  a  handle  ic,  being  attached 
for  the  purpose  of  turning  it.    (Figs.  4  and  5 
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show  the  same  instrument  in  difibrent  points  of 
view.)  Let  that  cylinder  consist  of  three  united 
cylindrical  portions,  the  two  extreme  parts  being 
of  brass  and  the  middle  one  of  ivorj'.  Let  the 
wire  from  the  pole  p  rest  on  one  end  of  that 
cylinder,  pressing  firmly  upon  it  with  a  spring, 
and  let  the  wire  from  n  rest  upon  the  other  end. 
Let  brass  knobs  d  and  e,  project  from  these  two 
ends  of  the  cylinder,  and  on  opposite  sides  of  it, 
in  such  a  manner  that,  when  the  handle  is 
turned  to  the  right,  the  knob  d  comes  into  con- 
tact with  tlie  pin  a,  and  the  knob  e  avIHi  n,  or 
with  another  pin  ii  connected  metallically  with 
B ;  but,  when  the  handle  is  turned  to  the  left, 
the  knob  d  is  pressed  into  contact  with  b,  and 
E  with  A,  or  with  its  associate  F.  In  the  first 
case  the  positive  current  is  sent  along  the  wire 
from  A  to  B,  and  in  the  second  from  B  to  A. — 
An  instrument  of  this  kind  is  called  a  commu- 
tator. Of  these  there  arc  several  varieties, 
unlike  in  appearance,  but  all  on  the  same  prin- 
ciple. That  just  described,  with  an  addition  to 
be  pointed  out  afterwards,  forms  the  mechanical 
or  operative  part  of  the  telegraph  of  Cooke  and 

8 


Fig.  6. 


TEL 

Wheatstone. — Let  n  s  be  a  magnetized  needle, 
poised  horizontally  on  a  pivot,  and  pointing  in  the 
direction  of  the  magnetic 
meridian,  n  being  its  north 
pole  and  s  its  south.  Let 
a  portion  of  a  conducting 
wire,  A  B,  from  the  battery 
be  ]ilaced  over  the  needle 
parallel  to  it.  If,  then,  a 
positive  current  be  sent  along  the  wire  from 
to  B,  the  needle  will  immediately  deviate  from 
the  meridian,  more  or  less  according  to  the 
power  of  the  current,  the  north  end  tm'ning  to 
tiie  east,  and  the  south  end  to  the  west.  But  if 
the  positive  current  Ls  transmitted  from  b  to  a, 
the  needle  turns  the  opposite  way,  the  north  end 
turning  westward  and  the  south  end  eastward. 
— If  the  wire  is  placed  below  the  needle,  the 
effect  produced  is  the  reverse  of  that  which 
ensues  when  the  wire  is  above  it,  whether  the 
current  pass  along  the  wire  in  the  one  direction 
or  in  the  other.  A  current,  therefore,  passing 
above  the  needle,  in  the  one  direction,  has  the 
same  effect  as  a  cm'rent  passing  below  in  the 
opposite  direction.  If,  therefore,  we  bend  the 
wire  round  the  needle  as  in  fig.  7,  the  one  part 
of  it  being  above  the 
needle  and  the  other 
below,  the  current, 
when  transmitted  along 
the  -wire,  will  pioduce 
the  same  effect  upon  the 

needle,  while  it  passes  along  the  upper  portion  of 
the  wire,  as  it  does  in  passing  along  the  lower. 
The  effect  of  the  two  portions  of  the  wire  upon  the 
needle  will  therefore  be  the  double  of  that  of  a 
single  wire  not  so  bent.  If  we  continue  to  bend 
the  wire  round  and  round  the  needle,  an  equal 
addition  will  be  made,  by  every  bend,  to  the  force 
with  which  the  needle  is  defiected,  the  length  of 
the  whole  wire  being  supposed  to  remain  un- 
altered. A  wire  so  coiled  is  called  a  muUlplur. 
By  means  of  it,  a  current  which  singly  is  too 
weak  to  deflect  a  needle  perceptibly,  may  have 
its  force  increased  to  almost  any  extent.  I^ 
however,  the  ^dre  is  lengthened  for  the  purpose, 
and  at  the  same  time,  made  finer  in  order  to 
permit  a  sufficient  number  of  folds  to  be  brought 
together,  the  effect  will  not  be  proportionally 
increased,  and  mav  even  be  diminished,  unless, 
at  the  same  time,  the  mtcnsity  of  the  current  M 
also  increased,  in  order  to  carry  it  through  the 
longer  and  thinner  wire.  To  keep  the  folds  from 
coming  into  contact  with  each  other,  or  with 
external  objects,  the  wire  is  covered  with  silk, 
cotton,  or  woollen  thread.  This  is  also  done 
^vith  all  the  wires  within  the  rooms  in  which 
the  telegraph  instraments  are  placed. — If  two 
needles  of  equal  power  be  fixed  upon  the  same 
axis,  so  as  to  turn  simultaneously,  and  with 
their  poles  pointing  opposite  w.iys,  the  two 
together  will  have  no  peculiar  tendency  to  place 
themselves  ia  the  magnetic  raa-idian,  but  will 
20 
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remain  sadifferently  in  any  position  in  -whicli 
I  hey  may  be  placed.  The  pair  thus  united, 
eonstitute  what  is  called  an  Astatic  Needle.  It 
may  be  placed  for  use  eitlier  horizontally  or  ver- 
lically.  If,  then,  one  of  the  two  needles  be 
[ilaced  within  the  coil,  and  the  other  without,  as 
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r  please  from  the 
ffrom  the  one  to 
I  battery  have  sufficient 


current,  as  it  flows  along  those 
parts  of  the  wire  which 
lie  between  the  two 
needles,  will  tend  to  turn 
both  in  the  same  direc- 
tion, the  deflecting  force 
being  increased  by  the 
addition  of  the  second 
needle. — The  needle  may 
be  at  any  distance  we 
battery,  if  the  wire  extends 
the  other,  provided  that  the 
intensity  and  that  the 
iwire  be  so  well  insulated  that  the  electricity 
£  shall  not  escape  during  its  passage.  If  the 
iwire  is  thick,  both  the  passage  of  the  current 
jand  the  insulation  are  facilitated.  For  these 
Treasons,  in  the  telegraphs  constructed  in  East 
Ilndia  under  the  direction  of  Dr.  O'Shaughnessj-, 

t the  wire  is  made  of  great  thickness  It  is  not 

tnecessary  that  the  wire,  after  passing  from  the 
cone  pole  of  the  battery  to  the  needle,  should 
[■return  the  whole  way,  since  it  may  be  turned 
iinto  the  ground  after  passing  the  needle,  and  the 
vwire  from  the  other  pole  of  the  battery  being 
aalso  made  to  terminate  in  the  ground,  the  current 
iwiLl  find  its  way  between  the  two,  through  the 
aground,  the  earth  itself  taking  the  place  of  the 
rretuming  wire — In  the  instruments  of  the  Elec- 
ttric  Telegraph  Corapanj',  two  of  these  astatic  * 
nneedles  are  placed  with  their  axes  projecting 
fifrom  a  vertical  board,  the  needles  also,  when  at 
rrest,  standing  vertically,  from  being  made  a  little 
hheavier  at  the  one  end  than  at  the  other.  The 
ccoil  and  the  needle  within  it  are  hidden  from 
vview  behind  the  board,  and  the  outer  needle 
aalone  is  seen.  Two  wires  are  employed,  one 
eextending  to  each  of  these  astatic  needles  from 
.*a  battery  at  a  distant  station.  Upon  transmit- 
titing  a  positive  or  a  negative  current  along  one 
oof  these  wires,  the  needle  connected  with  it  is 
ddeflected  to  the  right  or  to  the  left,  at  the  will  of 
lithe  operator,  and  either  needle  may  be  made  to 
ititurn  while  the  other  stands  still,  or  both  may  be 
ddeflected  at  once,  either  in  the  same  or  in  oppo- 
wite  directions.  They  cannot  however  be  deflected 
wn  opposite  directions  unless  separate  batteries  are 
ttused  for  the  two  wires. — It  is  necessary  that  tlie 
wame  current,  wliich  deflects  the  needle  at  the 
odistant  .station,  should  similarly  deflect  another 
•Within  siglit  of  the  operator — in  other  words, 
lonat  the  instruments  at  the  two  stations  should 

—    *  Astatic  needles  are  not  so  much  used  now  na  tliey 
■"TOce  were.   Instead  of  the  outer  needle  is  substituted 
*    ,,   P'"^*^"  °^        °^  tortoise-sliell,  slinpod  In  tlic 
needle  form,  while  the  Inner  needle  Is  made  short  and 
oroad,  for  rapid  and  steady  movement. 


may  now  coi-- 
,  6,  by  sho^viug 
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work  together,  constituting  what  is  called  a 
reciprocating  telegraph.     The  reciprocation  is 
effected  by  causing  the  current,  after  passing 
round  the  needle  of  the  nearer  instrument,  to 
proceed  along  the  line  to  the  more  distant  one. 
The  use  of  the  instrument  at  hand  is  to  see  if 
the  wires  have  properly  conveyed  the  signal 
given  ;  for  it  will  seldom  happen  that  the  instru- 
ment at  the  distant  station  has  done  its  duty  if 
the  nearer  one  has  not  moved.    Although  tlie 
converse  of  that  does  not  always  hold  good,  yet 
the  peculiar  manner  in  which  the  needle  works 
at  the  one  station,  will,  to  an  experienced  eye, 
indicate  faults  at  the  other,  or  damage  or 
derangement  in  the  conducting  wires. — With 
these  additional  explanations  ■rt'e 
rect  and  extend  the  sketch  in  fig. 
the  conducting  wire  w,  after 
being  coiled  round  the  needle  at 
K,  passing  on  to  the  remote  sta- 
tion s,  and  also  by  removing  the 
return  wire,  and,  instead  of  it, 
making  a  connection  between  the 
pins  B,  H,  and  the  ground  g. 
If,  then,  as  described  before,  the 
knobs  D  and  e  be  brought  into 
contact  with  a  and  h,  the  positive 
current  will  be  transmitted  round 
the  needle  ic,  and  then  forward 
to  the  next  station,  while  the 
negative  current  will  be  sent 
directlj'  to  the  ground  at  g. 
But  if  D  and  e  be  brought  into 
contact   with   b   and  f,  the 
negative  current  wall  be  transmitted  to  both 
instruments  and  the  positive  sent  into  the  ground 
— So  much  for  the  transmission  of  a  signal  ; 
but  if  a  message  is  to  be  received,  the  handle 
(seen  in  fig.  4)  is  allowed  to  hang  down,  leav- 
ing the  cylinder  c  in  the  position  shown  in  fig. 
9.    In  that  position,  since  neither  d  nor  e  is 
in  contact  with  any  one  of  the  four  pins,  no  elec- 
tricity can  pass  from  the  battery  p  n.    But  if  a 
current  were  attempted  to  be  sent  from  s,  it 
would  also  be  stopped  at  p.    To  enable  it  to  pass 
on  to  the  ground  at  g,  an  additional  appendage  to 
the  instrument  is  required,  viz.,  a  small  bar  of 
metal  fixed  permanently  between  the  pins  a  and 
B,  touching  both,  but  not  joined  to  them,  and 
out  of  reach  of  the  knob  d,  by  being  placed 
higher.    (It  is  exhibited  in  fig.  9  by  the  dotted 
lines.)    By  that  cross  bar  the  current  from  s, 
after  giving  its  signal  on  the  instruments  at  both 
stations,  passes  from  a  to  b  and  thence  to  g. 
But,  since  that  bar  would  interfere  with  the 
operation  of  transmitlinfj  a  signal,  as  described 
above,  by  carrying  the  current  from  the  battery 
I'  N  at  once  into  the  ground,  to  prevent  that, 
the  pins  a  and  b  are  made  elastic,  so  that  upon 
either  of  them  being  pressed  bv  the  knob  d  its 
contact  Willi  the  cross  bar  is  "broken,  and 'the 
result  IS  the  same  for  the  time  as  if  that  bar  did 
not  exist.— SmcQ  several  stations  arc  usually 
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upon  the  same  line,  the  same  conductmg  wire 
pusses  from  instrument  to  instrument,  and  tlie 
signals  are  read  at  all  the  stations,  unless,  as  is 
often  done,  an  additional  piece  of  apparatus  is 
added  to  each  instrument,  by  means  of  which, 
on  turning  a  key,  the  current  can  be  sent  past 
any  instrument  without  working  it,  or,  after 
working  it,  turned  into  the  ground  and  pre- 
vented from  proceeding  to  the  stations  beyond, 
making  what  is  called  a  short  circuit.  Battery 
power  is  thus  saved  and  other  advantages  gained 
at  the  same  time.  The  key  acts  by  turning  a 
slip  of  brass,  so  as  to  bring  it  into  contact  at 
once  with  the  entering  and  the  departing  wire,  or 
with  the  latter  and  the  ground  wire.  The  key 
is  turned  by  the  operator  at  the  station,  when  he 
has  ascertained  the  source  and  the  destination  of 

the  message  The  various  modes  in  which  the 

deflections  of  the  needles  take  place,  are  used  to 
indicate  sometimes  the  letters  of  the  alphabet, 
and  at  other  times  numbers,  words,  and  sen- 
tences. The  annexed  representation  of  the  face 
of  one  of  Cooke  and  Wlieatstone's  instruments 
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will  show  the  signals  given  for  single  letters, 
numbers,  and  a  few  words  in  most  frequent  use. 
The  letters  above  the  needles  are  pointed  out  by 
the  movement  of  one  needle  (that  is  of  the  top  of 
the  needle),  towards  that  side  of  it  on  which  the 
letter  is  placed.  When  the  letter  is  marked 
suigle,  as  H,  N,  or  e,  one  deflection  of  the  needle 
is  made ;  for  a  letter  marked  double,  as  A  a,  two 
deflections ;  and  for  a  triple  letter,  as  p  p  p,  three. 
The  letters  c,  d,  l,  m,  require  a  double  move- 
ment of  the  adjacent  needle,  first  to  the  one  side 
then  to  the  other,  concluding  with  that  side  on 
which  the  letter  is  placed.  The  letters  below 
the  needles  are  expressed  by  the  simultaneous 
deflections  of  both  needles,  their  lower  ends 
turning  towards  that  side  on  which  tlie  letter 
is  placed,  that  is,  both  needles  turn  their  lower 
ends  to  the  left  for  the  letters  R,  s,  t,  and  to  the 
right  for  w,  x,  Y.  In  this  case  also  two  turns 
to  the  same  side  are  required  for  the  letters 
marked  double,  as  s  and  x,  and  three  for  those 
marked  threefold,  viz.,  t  and  T,  and  turns  to 


alternate  sides  for  u  and  v.  q  and  z  are  made  by 

the  two  needles  inclining  opposite  ways  The 

numerical  figures  are  indicated  in  the  same 
manner;  and  the  words  marked  on  the  board 
are  also  pointed  out  by  single  or  double  turns 
of  one  or  both  needles  towards  them.  Thus  a 
single  turn  of  the  left  hand  needle  towards  the 
right  means  "  I  understand,"  and  two  turns  of 
the  same  needle  to  the  left  signifies  "  No,"  the 
figure  placed  before  the  word  showing  the  num- 
ber of  turns. — When  whole  sentences  are  to  be 
expressed  by  a  few  movements,  it  is  done  by 
a  system  of  codes,  contained  in  a  book,  the 
sentences  being  found  by  means  of  the  letters 
of  the  alphabet.  Thus  the  letters  e  L  signify 
"  the  Edinburgh  and  Glasgow  Eailway,"  on 
that  code  which  has  reference  to  shares ;  but 
there  must  previously  be  two  intimations, — first, 
that  the  code  is  about  to  be  used,  and,  secondly, 
what  code  ;  each  of  these  intimations  being  made 
by  one  or  two  signals. — Over  the  left  hand 
needle  a  cross  will  be  seen.  That  indicates  a 
stop,  which  is  made  at  the  close  of  every  word ; 
and  a  second  word  is  not  sent  until  the  left 
hand  needle  replies  "  understand."  If  the  reply 
is  "  not  understand,"  the  word  is  repeated — 
Besides  this  method,  giving  signals  with  two 
wires  and  two  needles,  various  others  have  been 
devised,  both  before  and  since  the  patent,  for  the 
system  just  described,  was  obtained.  By  one 
plan  there  was  a  wire  and  needle  for  every  letter 
of  the  alphabet ;  by  another,  five  wires  and  five 
needles ;  by  a  third,  three ;  and  by  a  fom-th,  only 
one.  The  last  mentioned,  the  invention  of  Mr. 
Bain,  and  named  the  single  needle  system,  is  still 
used  even  on  the  double  needle  telegraph,  when 
one  of  the  wes  or  needles  is  accidentally  dis- 
abled. It  also  points  out  the  letters  of  the 
alphabet  by  the  deflections  of  the  needle;  but 
since,  with  one  needle,  there  are  only  two  varia- 
tions of  movement,  a  greater  number  of  deflec- 
tions are  necessaiy  than  with  two  needles,  and 
it  is  therefore  more  tedious. — In  one  telegraph  a 
small  horse-shoe  magnet  is  used  instead  of  the 
needle  within  the  coil.  In  another  a  strip  of 
gold  leaf,  forming  part  of  the  conducting  wire, 
and  a  fixed  magnet  near  it,  perform  the  part  of 
the  needle  and  coil.  In  a  third,  the  needles  are  of 
soft  iron,  rendered  temporarily  magnetic  by  the 
influence  of  a  powerful  permanent  magnet,  their 
deflections  being  produced  by  coils.  In  a  fourth, 
the  signals  are  made  audible  by  the  needles  strik- 
ing two  bells  of  different  tones,  one  on  the  right 
the  other  on  the  left.  In  a  fifth,  the  letters  of 
the  alphabet  are  marked  round  a  circular  dial, 
and  the  letters  desired  brought  round  and  ex- 
hibited at  an  opening.  The  movement  is  made 
by  clock-work.  The  escapement,  by  which  its 
motion  is  regulated,  is  detached  by  an  electro- 
magnet at  every  successive  transmission  of  the 
current,  permitting  one  tooth  of  the  escapement- 
wheel  to  pass,  and  the  number  of  transmissions 
is  made  to  suit  the  position  of  the  letter  on  the 
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lial. — In  addition  to  all  these  varieties,  there  is 
a  whole  class  of  what  have  been  called  printing, 
or  more  properly  recording,  telegraphs,  that  is, 
telegraphs  which  leave  permanent  marks  on 
paper.  Of  these  we  may  mention,  first,  one 
\vhich  is  the  same  a-s  that  described  last  in  the 
[ireceding  paragraph,  with  the  addition  of  a 
-outrivance  for  making  an  impression  of  the 
letters  as  successively  exhibited.  It  is  truly  a 
printing  telegi-aph ;  but  it  is  complicated  and  is 
never  used  lor  practical  purposes.  The  second, 
(hat  of  Steinheil,  has  small  tubes,  holding  ink, 
attached  to  needles  deflected  by  coils,  and  mark- 
ing their  deflections  on  paper  moving  in  front 

of  them  by  wound  up  mechanism  Of  the  others 

of  that  class,  the  two  best  Icnown  are  those  of 
Professor  Morse  and  Mr.  Bain.  Like  Steinheil's, 
they  both  employ  a  sheet  or  strip  of  paper, 
moving  by  clock-work,  on  which  the  impressions 
are  made,  and  the  alphabet  of  each  is  a  system 
of  dots  and  straight  marks  continued  in  a  line 
along  the  paper.  These,  on  Morse's  plan,  are 
made  by  a  steel  point  pressing  on  the  paper ;  and 
in  that  of  Bain,  by  the  electricity  making 
coloured  marks  on  the  paper  as  it  passes  through 
it,  the  paper  being  previously  chemically  pre- 
pared. The  steel  point  of  the  former  is  pressed 
upon  the  paper  by  an  electro-magnet,  whose 
attractive  power  is  imparted  to  it  by  the  electric 
current,  transmitted  along  the  line  at  proper 
inters'als  by  means  of  a  key  raised  and  depressed 
by  the  finger  of  the  operator.  The  transmission 
of  the  current  in  the  latter  is  regulated  by  means 
oi  a  long  ribbon  of  paper  passing  over  a  metallic 
cylinder  at  the  transmitting  station.  The  ribbon 
has  been  previously  punched  with  dots  and  lines 
corresponding  to  the  marks  intended  to  be  made 
at  the  receiving  station.  The  cj'linder  over  which 
the  ribbon  passes  is  in  connection  with  the  posi- 
tive pole  of  the  battery.  A  slender  elastic 
:iietallic  tracer,  in  connection  with  the  conduct- 
ing wire,  moves  along  the  perforated  paper.  As 
long  as  it  rests  upon  the  paper,  no  electricity 
passes  to  it  from  the  cylinder;  but,  when  it  finds 
an  opening  in  the  paper,  it  passes  through  it, 
comes  into  contact  with  the  c^'linder,  and, 
receiving  the  electric  current  from  it,  transmits 
it  along  the  conducting  wire.  From  the  con- 
ducting wire  the  current  passes  through  the 
prepared  paper  at  the  receiving  station  to  another 
metallic  cylinder  or  disc  upon  which  it  is 
stretched,  marking  the  paper  as  it  passes  through, 
and  thence  by  another  wire  into  the  ground. 
The  cylinder  at  the  transmitting  station  and  the 
cylinder  or  disc  at  the  receiving  station  revolve 
uniformly  by  means  of  clock-work,  the  former 
carrying  the  perforated  ribbon  with  it,  and  the 
latter  the  prepared  paper.  While  the  latter 
revolves,  the  marking  style  which  rests  upon  it 
lias  also  a  small  longitudinal  movement  given 
to  it  at  each  revolution,  so  as  to  bring  it  upon  a 
new  part  of  the  paper. — There  is  a  still  more 
refined  instrument  of  this  class,  the  invention  of 


,TEL 

Mr.  Bakewcll,  which,  having  a  written  page  of 
paper  presented  to  it  at  the  transmitting  station, 
throws  off  a  Jac -simile  of  the  writing  at  the 
receiving  station.  The  process  is  founded  upon 
that  of  Mr.  Bain.  The  written  sheet  is  spread 
upon  a  copper  cjdinder  after  being  so  prepared 
tliat  the  white  paper  is  a  conductor  of  electricitj' 
and  the  ink  a  non-conductor.  While  the  tracer 
at  the  transmitting  station  is  passing  over  the 
white  paper,  that  at  the  receiving  station  is 
making  a  coloured  line,  and,  when  the  former  is 
passing  over  a  written  mark,  the  latter  leaves  a 
blank.  The  cylinders  at  both  stations  continue 
revolving  uniformly,  and  at  the  same  time 
advancing  longitudinallj',  a  short  way  at  each 
revolution,  by  means  of  screws  upon  the  axes, 
till  the  sheet  of  paper  at  the  receiving  station 
becomes  densely  covered  with  fine  lines,  except 
over  the  forms  of  the  letters,  >vhich  remain  white. 
— The  batteries  used  b}'  the  Electric  Telegraph 
Company  consist  of  pairs  of  zinc  and  copper 
plates  in  cells,  the  space  between  the  plates  ki 
each  cell  being  filled  with  pure  sand  saturated 
with  diluted  sulphuric  acid,  the  sand  preventing 
the  transmission  of  the  sulphate  of  zinc  to  the 
surface  of  the  copper.  Messrs.  Brett  and  Little 
attain  the  same  object  by  allowing  fresh  liquid 
to  drop  into  the  cells,  the  deteriorated  liquid 
escaping  from  the  bottom;  and  Mr.  Highton, 
by  using  sulphate  of  magnesia  or  alumina  as  the 
exciting  liquid.  In  some  telegraphs,  instead  of 
the  motive  power  being  derived  from  a  galvanic 
battery,  magnetic  electricity  is  employed,  that 
is,  a  current  generated  by  making  or  brealiujg 
the  contact  of  magnets  with  each  other,  or  with 
soft  iron.  Frictional  electricity  is  now  entireh' 
abandoned. — On  any  system  some  alarum  must 
be  given  to  call  attention.  With  telegraphs 
using  frictional  electricity  that  was  done  by  the 
explosion  of  gas  or  the  combustion  of  spirit  by 
the  spark.  With  galvanic  or  magnetic  electricity 
the  following  is  the  usual  method ; — A  pair  of 
cylinders  of  soft  iron  are  surrounded  by  coils  of 
the  conducting  wire.  When  the  current  is  trans- 
mitted the  cylinders  become  magnetic  and  attract 
a  slip  of  soft  iron  on  the  one  end  of  a  small  lever. 
The  other  end,  which  has  previously  acted  as  a 
detent  or  catch,  to  a  wound  up  spiral  spring,  is, 
by  the  motion  of  the  lever,  withdrawn,  and  the 
spring  set  free.  The  spring,  in  unwinding,  turns 
a  toothed  wheel,  and  each  tooth  gives  an  impulse 
to  a  hammer,  which  keeps  striking  a  small  bell 
until  the  current  is  stopped,  and  tlien  a  fine 
spring  restores  the  lever  to  its  original  place. 
There  are  other  details  connected  with  the 
instrument,  and  various  forms  of  it,  which  our 
space  does  not  permit  us  to  describe.  There  are 
also  other  alarums  of  simpler  construction  but 
less  perfect.  Sometimes  a  separate  wire  is  used 
for  the  bells,  but  when  not  so,  the  receiver  of 
the  message,  as  soon  as  his  attention  is  gained, 
turns  the  current  from  the  bell  coil,  by  a  short 
circuit,  into  the  needle  coil  The  conductiiv 
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wires  between  the  stations  are  usually  insulated 
by  being  suspended  on  posts,  resting,  at  the 
points  of  suspension,  upon  glass  or  earthenware 
insulators.    When  it  is  necessary  to  carry  them 
under  ground,  as  in  traversing  streets,  the 
method  formerly  pursued  was  to  cover  each  wire 
with  twine  and  pitch,  then  enclose  all  the  wires 
together  in  a  leaden  pipe,  the  leaden  pipes  them- 
selves being  further  pi'otected  against  moisture  by 
enclosure  in  iron  pipes.    It  is  now  found  better 
to  cover  the  wires  with  gntta  percha.    The  same 
covering  is  usually  necessary  in  passing  through 
tunnels,  and  always  in  submarine  communica- 
tion.  The  suspended  wires  are  commonly  of  thick 
galvanized  iron :  those  within  doors,  and  those 
coated  with  gutta  percha,  are  of  thinner  copper 
wire.    For  communication  by  sea,  the  rope  of 
wire  and  gutta  percha  is,  for  protection,  encased 
in  a  covering  of  galvanized  iron  twisted  round  it, 
forming  a  strong  cable.   It  is  one  of  the  astonish- 
ing achievements  of  our  day  that  insulation  has 
been  obtained  for  wires  extending  many  miles 
under  water,  considering  that  the  admission  of 
salt  water  into  the  bundle  of  wires  so  as  to  form 
a  connection  between  them  at  any  one  point, 
however  minute,  would  destroy  their  action  for 
the  whole  distance. — The  extent  of  submarine 
communication  has  become  very  great  and  is 
almost  daily  increasing.    It  would  be  tedious  to 
enumerate  the  lines  of  wire  which  now  connect 
opposite  coasts.     A  line  has  even  been  com- 
menced intended  to  unite  Europe  with  America, 
and  1,400  miles  of  it  completed,  extending  from 
New  York,  partly  by  land  and  partly  by  water, 
to  Cape  Race  in  Newfoundland.    From  that  to 
the  west  coast  of  Ireland  an  excellent  channel 
exists  for  the  deposit  of  a  cable ;  but  the  dis- 
tance of  2,000  miles  at  one  stretch  is  a  formidable 
obstacle.    In  considering  the  question  of  the 
practicability  of  completing  the  line,  an  unex- 
jiected  difficulty  has  presented  itself    In  M'orking 
the  telegraph  from  Harwich  to  the  Hague,  it 
was  perceived  that  the  signals  were  given  more 
slowly  and  less   sharply  defined  than  usual. 
Professor  Faraday,  having  undertaken  to  inves- 
tigate the  cause,  discovered  that  the  gutta  percha 
acted  as  a  Leyden  jar,  the  conducting  wire  serv- 
ing for  the  interior  coating,  and  the  ivater,  or 
the  enclosing  wire,  for  the  exterior  coating. 
By  using  Mr.  Bain's  process,  the  currents  were 
made  to  write  their  own  history,  and  were  found 
to  be  retarded  both  in  the  commencement  and  la 
the  duration  of  their  effect,  so  that  wiiat  ought  to 
have  been  a  dot  was  converted  into  aline,  faintly 
marked  at  each  end.  . 

In  the  following  year,  1855,  Mr.  White- 
house  showed  the  same  results  in  a  higher 
degree,  by  using  a  wire  1,125  miles  in  length. 
He  found  that  the  current  produced  by  an  in- 
stantaneous electro-motive  force  was  detained 
in  the  wire  so  as  to  occupy  more  than  a 
second  and  a-half  in  recording  itself.— Profes- 
sor \y.  Thomson  had  computed  that  the  retard- 
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ation  would  be  directly  proportional  to  the  square 
of  the  length  of  wire,  and  inversely  to  the  area 
of  its  transverse  section  for  a  given  proportion 
between  the  area  of  the  copper  and  tlie  area  of  the 
gutta  percha  section.    Thus,  since  the  wire  from 
Newfoundland  to  Ireland  would  be  nearly  double 
the  length  of  that  which  Mr.  Whitehouse  em- 
ployed, a  signal  would  occupy  four  times  as  long, 
or  more  than  six  seconds,  supposing  the  wire  and 
its  coating  to  be  of  the  same  sectional  area.  Mr. 
Whitehouse  argued  that  if  this  law  were  true, 
the  telegraph  to  America  would  be  practically 
useless;  and  at  the  meeting  of  the  British  As- 
sociation, in  1856,  he  described  experiments  from 
which  he  concluded  that  a  double  length  of  wire 
produced  little  more  than  a  double  retardation, 
instead  of  fourfold.    Thomson,  in  reply  {Athe- 
nceum,  Nov.  1,  185G),  pointed  out  that  this  con- 
clusion was  altogether  unsupported  by  the  facts 
adduced,  and  that  "the  law  of  squares"  was  un- 
touched by  Whitehouse' s  investigation.    It  has 
since  received  a  very  decided  experimental  con- 
firmation in  the  rates  of  ordinary  Morse  signaUing 
which  have  been  found  practicabls  through  dif- 
ferent lengths  of  the  Atlantic  cable  before  submer- 
gence, and  by  Mr.  Jenkyn's  recent  experiments 
(communicated  to  the  British  Association,  Aber- 
deen, 1859,)  on  the  Red  Sea  cable— the  best  ex- 
periments yet  made  on  any  submarine  telegraph, 
so  far  as  illustration  of  the  mathematical  theory  is 
concerned.     In  trials  through  portions  of  the 
Atlantic  cable  lying  at  Keyham  during  the  winter 
and  spring,  1857-8,  when  lengths  of  twelve  or 
thirteen  hundred  miles  were  exceeded,  the  rates 
attained  proved  to  be  nearly  in  the  inverse  ratios 
of  the  squares  of  the  lengths,  as  Thomson  had 
anticipated  in  the  year  1854;  and  through  2,500 
miles  or  upwards  no  greater  speed  than  one  word  a 
minute  could  be  reached  in  the  transmission  of  mes- 
sages if  received  and  recorded  by  instruments  of  the 
common  construction.    By  the  use  of  a  new  class 
of  instruments,  however,  much  more  rapid  and 
sure  signalling  was  effected.  After  submergence, 
messages  were  transmitted  between  Newfound- 
land and  Ireland  at  the  rate  of  from  two  to  two 
and  a-half  words  per  minute,  and  received  with 
perfect  distinctness  on  Thomson's  mirror  galva- 
nometer, a  wrong  or  a  doubtful  letter  scarcely 
ever  occurring,  even  when  the  cable  was  in  a 
condition  of  so  defective  insulation  that  the  ordi- 
narv  recording  instruments,  which  had  been 
prepared  for  the  Company,  failed  to  give  any 
intelligible  signals  whatever     There  can  be  no 
doubt  but  that  a  considerably  liigher  speed 
would  have  been  attained  if  the  cable  had  not 
entirelv  failed    before  arrangements  could  be 
made  'to  take  advantage  of  the  indications 
of  the   mathematical   theory  as  to  the  best 
mode  of  sending  as  well  as  of  receiving  mes- 
sages through  a  submarine  line  of  so  great 
length. 

Our  limited  sjiace  has  compelled  us  to  t)e 
very  brief  on  u>ciny  points  on  wiiich  we  lia\-e 
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touched;  and  to  others,  though  replete  with 
interest,  we  can  only  allude.  These  are  the 
modes  of  suspending  and  connecting  the  wires, 
— the  attainments  of  skill  and  experience  in 
telegraph  manipulation, — the  system  of  relay 
batteries, —  tlie  interference  of  atmospheric  elec- 
tricity and  of  Aurora  Borealis, — the  effects 
of  lightning  upon  the  instruments  and  the 
means  of  guarding  against  it, — the  various 
continental  telegraphs, — the  peculiarities  of  the 
Indian  and  American  lines, — the  use  of  Ide- 
ographs in  conveying  exact  intimations  of  time 
and  in  determining  longitudes, — the  conflicting 
claims  of  inventors, — and,  finally,  the  refined 
experiment  of  Professor  Wheatstone  for  deter- 
mining the  velocity  of  the  electric  current.  If 
further  information  is  desired,  the  reader  may 
consult  the  volumes  of  Walivcr,  of  Highton,  and 
of  Lardner,  on  the  Electric  Telegraph  ;  the  pam- 
I'hlets  of  Cooke  and  of  Wheatstone  :  the  docu- 
ments relating  to  the  invention  by  Mr.  Cooke; 
and  the  Proceedings  of  Ihe  British  Association 
ti'v  1855  and  1856;  also  Electricity,  Velo- 

L  ITT  OF. 

Several  short  papers  on  the  mathematical 
theory  of  these  phenomena  and  its  application  to 
the  solution  of  practical  problems,  have  been  con- 
tributed by  Professor  W.  Thomson  to  the  Pro- 
ceedings of  the  Royal  Society  (Blay  1855,  May 
1856,  Dec.  1856),  the  Philosophical  Magazine 
(vol.  July  to  Dec.  1855),  the  British  Association 
Report  (Gla-sgow,  1855),  and  the  Athenaium 
[  Nov.  1,  1856J.  In  the  first  of  these  the  equa- 
tions of  electric  conduction  in  a  submerged  wire 
were  investigated,  and  the  integrals,  adapted  to 
the  expression  of  the  most  marked  features  of  tlie 
phenomena  which  had  attracted  attention  to  the 
subject,  were  given.  In  the  second  (communi- 
-ated  to  the  Philosophical  Magazine,  June,  1854, 
iiul  published  about  a  year  later)  the  electrostatic 
-apacity  of  any  portion  of  a  submerged  wire  was 
nvestigated.  In  the  third  (Proceedings  of  ihe 
lioyal  Society,  May,  1856)  the  equations  of 
j'lectric  conduction  through  any  number  of  wires 
nsulated  from  one  another  in  one  mass  of  gutta 
lercha,  under  a  common  metallic  sheath,  were 
nvestigated,  and  the  proper  modes  of  integration 
or  the  solution  of  practical  problems  were  in- 
licated.  Among  other  conclusions,  one  of 
ractical  value  was  pointed  out  from  this  in- 
■  ostigation— that,  contrary  to  the  expectations 
'f  some  of  the  most  eminent  practical  men,  as 
xhibited  in  patented  projects,  and  supposed  to 
'f;  verified  by  elaborate  experiments,  no  diminu- 
ion  of  inductive  embarrassment  could  be  obtained 
>y  the  use  of  a  complete  metallic  circuit  of  two 
vires  separately  insulated,  beside  one  another  in 
me  mass  of  gutta  percha;*  a  conclusion  which 


*  An  Atlantic  Teleprnph  had  been  projectoel,  and  tlic 
Nionstruction  of  a  MeUiten  imcan  tolcgrapli  was  on  the 


POOlnt  of  beinp  comincncod,  on  this  pliiii  us  a  vutciitoil 
linveution,  in  the  year  1S07,  when  the  ultciUlon  of  tlio 
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is  now  generally  admitted.  In  a  letter  to  the 
Athenwuin  (No.  for  November  1,  1856),  reply- 
ing to  Mr.  Whifehouse,  and  in  subsequent  com- 
munications to  the  Royal  Societ}',  various  prac- 
tical conclusions  regarding  tlie  rates  of  signalling 
attainable  through  air  and  submarine  lines  of  dif- 
ferent lengths  are  stated,  and  a  new  method  of 
working,  founded  on  a  theoretical  investigation 
of  the  operations  best  adapted  for  giving  a  highly 
condensed  single  electric  pu'se  at  the  remote  end 
of  a  long  line  of  submerged  wire,  such  as  that 
by  which  it  is  proposed  to  establish  electric  com- 
munication between  Ireland  and  Newfoundland, 
is  indicated.  In  the  first  communication  on  tlie 
mathematical  theory,  consisting  chief!}'  of  two 
letters  written  to  Professor  Stokes  in  Oct.  and 
Nov.  1854,  and  afterwards  published  (May, 
1855,)  in  the  Proceedings  of  ike  Royal  Society, 
two  general  laws  were  investigated.  The  first 
of  these,  which  has  been  called  "  the  Law  of 
Squares,"  is  this  : — The  time  required  to  charge 
to  a  stated  proportion  of  the  ultimate  electrifi- 
cation producible  by  a  given  battery  po^ver,  or 
to  discharge  a  stated  proportion  of  a  given 
electrification,  is  proportional  to  the  squares  of 
the  lengths  in  different  cables  of  the  same  lateral 
dimensions.  As  a  particular  case,  it  was  stated 
that  the  retardation,  from  the  instant  of  applying 
an  electro-motive  force  at  one  end,  until  a  stated 
proportion  of  the  maximum  effect  is  experienced 
at  the  other  end,  is  proportional  to  the  square  of 

the  length  of  the  cable  The  second  was  :  Tliat 

if  at  one  end  of  an  infinitely  long  submerged 
wire  be  applied  an  electro-motive  foice  regularly 
changing  from  positive  to  negative  symmetrically 
in  equal  successive  inter\'als  of  time,  electrical 
waves  will  be  propagated  along  the  wire  at  a 
rate  which  tends  to  perfect  uniformity  the  greater 
the  distance  from  the  operating  end,  and  with 
amplitudes  rapidly  decreasing,  according  to  a 
law  which  tends  to  a  geometrical  progression  at 
greater  and  greater  distances  in  arithmetical  pro- 
gression. It  was  remarked  that  the  law  of  this 
phenomenon  is  identical  with  that  which  Fourier, 
in  one  of  the  most  admirable  of  all  the  beautiful 
applications  he  made  of  his  mathematical  theory 
of  heat,  found  as  the  law  of  propagation  of  the 
summer  heat  and  winter  cold  to  difi'erent  depths 
below  the  suiface  of  the  earth. — Mr.  White- 
house's  experiments,  referred  to  above,  aflTord 
many  interesting  illustrations  of  particular  fea- 

manufnctnrers  was  nrccntly  called  to  tlie  mathemaf Icnl 
conclusion  stiUcd  lii  tlie  text  ;  luid  reasons  were  Riven 
for  not  trnstine;  to  the  suiiiiosed  experiiiiental  evidence 
wliicli  had  led  them  to  the  contrary  conclusion.  The 
result  WHS,  that  they  nave  up  their  plan  of  a  double 
wire  teluKraph,  and  made  their  Mediterranean  and 
each  subsequent  cable  witli  a  siiiglu  insulated  con- 
duclor.  It  may  be  remarked  that  a  metallic  circuit  of 
two  well  insulated  wires  (whether  in  one  insulatlnir 
mass  of  Kutta  percha,  or  with  water  and  wet  hemp 
liulwoeii  them,  or  in  two  separate  cables)  has  tlio 
ailvaiitaKO  of  beiuK  f|ullo  free  from  the  disturbancu 
ol  earlli  currents,  ailhouKli  no  such  urranKemout  can 
i^iiiiinisli  inductive  einburi  assmeiit. 
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tuves  of  this  law,  and  his  supposed  conclusion 
against  the  law  of  squares,  is  in  reality  a  partial 
(iiocovcry,  by  experiment,  of  the  uniform  velocity 
which  the  mathematical  theory  had  indicated  as 
early  as  the  year  1864. 

Tclc8coi>c.    In  the  article  Eye,  it  is  stated 
that  objects  are  rendered  visible  by  means  of  the 
images  of  them  forraetl  on  the  retina  or  nervous 
curtain  of  the  organ  of  vision.    The  distinctness 
of  the  perception  depends  on  the  size  and  clear- 
ness of  that  image.    Distant  objects  are  indis- 
tinctly seen,  chiefly  either  because  of  the  smallmss 
of  the  image,  or  by  reason  of  its  deficiency  of  ligJit. 
For  example,  a  house  seen  at  a  great  distance 
will  only  appear  as  a  hazy  spot,  because,  though 
all  its  parts  must  be  depicted  on  the  retina,  they 
are  so  closely  approximated  to  each  other,  as  to 
render  their  separate  impressions  confused.  In 
the  case  of  the  more  distant  stars,  again,  the 
image,  though  formed  on  the  retina,  is  too  feeble 
in  its  strength  of  light  to  be  perceptible — Any 
instrument  which  is  intended  to  render  distant 
objects  more  distinctly  visible,  must  therefore 
have  the  power  of  enlarging  the  images  of  them 
formed  in  the  eye,  and  also  of  increasing  the 
brightness  of  these  images.    Such  instruments 
are  called  telescopes,  and  their  chief  functions  are 
the  formation  of  large  and  bright  images.  The 
one  property  is  called  their  magnifying  power, 
and  the  other  their  power  of  illumination.— The 
chief  parts  of  a  telescope  must  obviously  be  those 
which  cause  more  light  to  enter  the  eye,  and  those 
which  spread  that  light  over  a  larger  surface. 
The  two  modes  of  changing  the  direction  of  the 
rays  of  light  are  reflection  and  refraction,  and 
these  accordingly  constitute  the  bases  on  which 
all  telescopes  are  constructed.    One  part  of  the 
instrument  forms  the  image,  and  the  other  part 
magnifies  it.  In  Refraction,  Lens,  &c.,  will  be 
found  descriptions  of  the  manner  in  which  images 
are  formed,  and  the  precautions  that  are  necessary 
to  insure  their  perfection.    The  accompanying 
figures,  figs.  1  and  2,  illustrate  the  general  ar- 
rangement of  the  most  simple  form  of  the  re- 
fracting telescope.    In  fig.  1,  the  cone  of  light 
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image  at  f  in  fig.  2,  and  tlien  by  interposing  tlie 
second  lens  l'  in  couree  of  the  divergent  rays 
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Fig.  2. 

after  they  have  passed  r,  to  cause  them  to  enter 
the  ej-e  in  a  nearly  parallel  condition,  so  that 
the  refracting  power  of  the  crystalline  lens  itself 
should  be  sufficient  to  form  the  image  on  tlie 
retina  as  at  o'.  Such  an  arrangement  is  named 
the  astronomical  telescope,  from  the  circumstance 
that,  as  it  inverts  the  apparent  position  of  objects, 
it  is  unfit  for  ordinary  purposes,  but  can  be  used 
successfully  only  for  such  a  case  as  celestial  obser- 
vation, where  Inversion  produces  no  inconvenience. 
The  lenses  l  and  l'  are  respectively  named  the 
object-glass  and  the  eye-glass.  The  use  of  the 
object-glass  is  to  collect  a  large  quantity  of  light 
to  a  perfect  focus  at  f.  The  eye-glass,  then,  after 
the  rays  have  crossed  at  f,  by  its  )-efracting  power 
renders  them  nearly  parallel,  so  as  to  be  in  a  fit 
state  for  the  eye  to  form  a  distinct  hnage  exactly 
on  the  surface  of  the  retina.  Instead  of  placing 
a  convex  lens  l'  behind  the  focus  f,  so  as  to 
gather  the  rays  together  to  parallelism,  the  same 
purpose  can  be  served  by  a  concave  lens  c,  fig. 
3,  placed  m  the  course  of  the  raj  s  from  l  before 
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eoe'  represents  all  that  could  enter  the  pupil 
from  the  object  o  to  form  the  image  o'.  But  by 
the  interposition  of  the  lens  L,  the  larger  cone 
L  0  X  is  enabled  to  enter,  and  by  refraction  at 
the  lens  of  the  eye  itself,  to  form  the  bright  image 
at  o".  It  is,  however,  necessary  for  distinct 
vi.sion,  that  the  image  shoidd  be  formed  on  the 
retina  at  o'.  This  can  be  accomplished  by  putting 
the  lens  l  farther  from  the  eye,  so  as  to  form  the 
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they  have  crossed  at  the  focus.    This  arrange- 
ment was  that  adopted  by  Galileo,  in  the  tele- 
scope first  invented  by  him,  and  it  is  that  still 
used  in  the  common  opera  glass.    It  does  not 
invert  the  image,  and  has  advantages  in  point  of 
simplicity  over  other  non-inverting  instnmients. 
In  cases,  also,  where  the  main  purpose  is  to  search 
for  objects  only  feebly  illuminated,  the  astrono- 
mical {onn  of  the  instrument  is  used,  as,  for  ex- 
ample, in  the  night  glass  of  the  sailor,  by  means 
of  which  he  searches  the  horizon  for  rocks  or 
breakers.    In  such  a  case  the  inversion  produces 
no  inconvenience,  provided  suflicient  light  is  col- 
lected to  render  visible  the  objects  looked  at.  'Ihe 
terrestrial  telescope,  which  is  the  one  in  gener^ 
use,  has  a  means  of  reinverting  the  image,  and 
tluis  showing  it  in  its  true  position.    This  « 
accomplished  by  means  of  two  additional  con- 
verging lenses  "placed  between  the  object-glas» 
and  the  eye-glass,  as  represented  in  fig.  4,  where 
one  inversion  occurs,  as  before,  at  the  focus  of  tno 
object-glass  f,  and  another  inversion  at  the  focus 
f,  "of  the  two  additional  lenses  / 1\  interposed  be- 
tween L  and  L'.    The  ravs  proceeding;  from  the 
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erect  image  at  are  then  put  into  a  proper  state 
for  ^-isiou  by  the  eye-glass  l',  that  is  to  say,  the 
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rays  which  emerge  from  each  point  are  rendered 
parallel  among  themselves,  so  that  they  can  be 
brought  together  to  a  corresponding  point  on  the 
retina  by  the  converging  power  of  the  lens  of  the 
eye  itself.  This  is  necessary,  as  will  be  seen  by 
reference  to  Eye,  where  it  is  shown  that  distinct 
vision  cannot  take  place  except  the  pencils,  which 
enter  the  eye,  consist  of  rays  approaching  to 
parallelism,  the  power  of  adaptation  of  the  eye 
being  limited. — Such  are  the  forms  of  the  re- 
fracting telescope.  By  the  retinements  of  modern 
workmanship,  and  the  investigations  of  optical 
science,  great  improvements  have  been,  of  recent 
years,  made  on  the  different  parts  of  the  instru- 
ment, particularly  with  reference  to  the  achro- 
matism and  perfection  of  figure  of  its  object-glass, 
as  also  its  size,  and  the  forms  of  the  eye-pieces. 
The  reader  is  referred  to  Achromatism  for  some 
information  on  these  points.  The  celebrated 
practical  optician,  Frauenhofer  of  Munich,  has 
erected  several  refractors  of  great  size  and  per- 
fection. The  Dorpat  telescope  is  of  9  inches 
clear  aperture  in  the  object-glass,  and  14  feet 
focal  length.  Sir  James  South  possesses  an  ob- 
ject-glass of  11^  inches  diameter;  and  that  of 
Mr. Cooper  of  Sligo,  has  12^  inches  clear  aperture, 
being  the  largest  hitherto  completed,  with  the 
exception  of  that  recently  constructed  by  Mr. 
Itoss,  and  erected  on  Wandsworth  Common,  near 
London,  which  has  an  aperture  of  two  feet.  Great 
practical  difficulties  are  experienced  in  the  con- 
struction of  large  object-glasses,  not  the  least  of 
Avhich  is  the  inequality  in  the  texture  of  the  glass 
itself,  no  process  having  hitherto  been  discovered 
which  can  insure  uniformity  of  refracting  power 
over  so  large  a  mass — The  chief  functions  of  a 
telescope,  as  has  already  been  explained,  are  the 
collecting  of  light,  and  the  magnifying  of  the 
image.  The  first  is  called  the  illuminating,  and 
the  second  the  magnifying,  power.  The  illumi- 
nating power  evidently  depends  on  the  size  of 
f  he  object-gla-ss ;  and  supposing  that  all  the  light 
hich  fell  on  it  were  so  refracted  as  to  enter  the 
eye,  the  illuminating  power  would  be  to  that  of 
the  eye  in  the  proportion  of  the  surface  of  the 
object-glass  to  the  surface  of  the  pupil.  Thus,  if 
the  pupil  of  the  eye  be  supposed  to  have  a  dia- 
meter of  \  inch,  and  the  object-glass  a  diameter 
of  6  inches,  or  a  surface  576  times  as  great  as 
(lie  pupil,  the  image  formed  by  the  telescope 
would  be  576  times  brighter  tlian  that  formed 
by  the  unassisted  eye,  and  the  illuminating  power 
would  be  676,  In  general,  the  ilknninating  power 
is  said  to  be  in  the  proportion  of  the  squares  of 
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the  diameters.    Sir  W.  Herschel,  in  his  astrono- 
mical researches,  first  used  telescopes  as  a  means 
of  measuring  depth  in  space.    This  property  of 
the  instrument  he  named  space-penetratinr/  power. 
By  reference  to  Light,  it  will  be  seen  that  the 
intensity'  of  light  diminishes  as  the  square  of  the 
distance  increases ;  that  is,  that  at  twice  the  dis- 
tance only  \  of  the  light  will  fall  on  any  surface, 
and  to  render  the  illumination  equal  in  such  a 
case,  the  light  from  four  times  as  much  area 
would  require  to  be  collected  on  the  remote  sur- 
face. This  would  be  done  by  a  lens  of  four  times 
the  surface,  or  of  twice  the  diameter.  If  an  object 
as  seen  from  the  distance  1,  in  such  an  instance, 
had  been  barely  visible,  at  the  distance  2  it  would 
not  be  seen  till  the  light  had  been  collected  by  a 
lens  of  four  times  the  surface,  and  when  this  was 
done,  the  illumination  would  be  exactly  equal  in 
the  two  cases.    Conversely,  if  an  object,  after 
being  removed  to  a  certain  distance,  where  it  was 
barely  visible  by  the  unassisted  eye,  were  again 
to  be  removed  to  such  a  distance  that  a  lens  of 
four  times  the  surface,  or  twice  the  diameter  of 
the  pupil,  held  before  the  eye,  again  rendered  it 
barely  visible,  it  might  be  inferred  that  the  dis- 
tance in  the  second  case  was  exactly  twice  that 
of  the  first.    By  similar  reasoning,  it  may  be 
shown  that  an  object-glass  of  three  times  the 
diameter  would  penetrate  into  space  three  times 
as  far,  and  one  of  100  times  the  diameter  would 
show  objects  at  a  distance  100  times  as  great  as 
the  naked  eye,  or  have  100  times  as  great  a  space- 
penetrating  power.  This  determination  is  founded 
on  the  supposition,  that  the  glasses  of  telescopes 
transmit  to  the  eye  all  the  light  which  falls  on 
them.    This  is  never  completely  realized,  even 
by  the  most  perfect  attainable  polish  and  trans- 
parency, and  therefore  a  small  deduction  is  to  be 
made  in  the  foregoing  calculations.  Sir  W.  Her- 
schel considered  that  his  ten  feet  telescope  had  a 
space-penetrating  power  of  twenty-eight,  and  that 
his  forty  feet  instrument  could  descry  an  object 
removed  192  times  as  far  into  space,  as  the  utmost 
reach  of  human  vision.    These  last- mentioned 
instruments  were  reflectors,  and  their  powers  are 
calculated  in  the  same  way  as  the  refractors,  onlj' 
that  a  somewhat  greater  deduction  must  be  made 
on  account  of  loss  of  light  in  reflection. — The 
magnifying  power  of  a  telescope  can  easily  be 
deduced  from  optical  principles.    The  simplest 
case  is  that  of  the  astronomical  telescope,  fig.  5. 
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The  apparent  magnitude  of  any  object  as  seen 
by  tiio  eye,  depends  on  the  size  of  the  "  visual 
angle"  under  which  it  is  seen;  that  is,  of  the 
angle  contained  between  the  rays  from  its  two 
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extremities,  as  tliej'  enter  the  eye.  For  instance, 
the  angle  a'  k  o'  is  the  visual  angle  for  the  image 
A'  0'  as  seen  from  b,  and  if  e  were  removed  to 
twice  the  distance  from  the  image,  this  visual 
angle  would  be  reduced  to  one-half;  so  that  the 
greater  the  visual  angle,  the  larger  and  nearer 
tlie  image  appears.    If  A  o  be  the  object,  and 
A'  0'  its  image  in  the  focus  of  L,  then  it  is  ob- 
vious, from  the  equality  of  the  visual  angles,  that 
an  eye  placed  at  c  would  see  the  object  A  o  and 
the  image  A'  o'  of  exactly  the  same  size,  and  there 
would  be  no  magnifj-ing  power  ;  but  if  the  eye 
be  brought  nearer  to  the  image,  for  instance  to 
the  point  e,  then,  the  visual  angle  a'  e  o'_  being 
greater  than  a'  c  o',  in  the  same  proportion  the 
image  would  appear  larger,  and  the  proportion 
of  these  two  angles  would  be  the  magnifying 
power.    But  the  two  angles  bear  to  each  other 
the  proportion  of  the  distances  inversely,  so  the 
inverse  proportion  of  the  distances  of  the  image 
from  the  object-glass,  and  from  the  eye-glass, 
Avill  be  the  magnifying  power.    But  these  dis- 
tances are  the  focal  distances  (in  the  case  of  dis- 
tant objects)  of  the  lenses ;  hence  the  rule,  that 
the  maynifuing  power  is  the  ratio  of  the  focal 
distance  of  the  object-glass  to  the  focal  distance 
of  the  eye-glass.    For  example,  if  the  focal  dis- 
tance of  the  object-glass  be  3  feet,  and  that  of 
the  eye-glass  \  inch,  then  the  magnifying  power 
will  be  72.    It  follows  from  this,  that  it  is 
possible,  indefinitely,  to  increase  the  magnifying 
power,  either  by  increasing  the  length  of  the  ob- 
ject-glass, or  by  diminishing  the  focal  length  of 
the  eye-glass.  Most  telescopes  are  provided  with 
eve-glasses  of  different  focal  lengths,  which  are 
hence  called  poivers.—Th^  slightest  consideration 
will  show  that,  in  proportion  as  a  higher  power  is 
used,  in  the  same  proportion  more  light  will  be 
required,  as  the  image  is  spread  over  a  larger 
surface,  and  that,  for  very  high  powers,  large 
object-glasses  for  collecting  a  great  amount  of 
li^-ht  are  necessary.    Hence  the  explanation  of 
the  fact,  that  while  small  telescopes  can  only  be 
used  with  low  powers,  say  of  -  50  to  100  diame- 
ters, such  instruments  as  Cooper's  great  refractor 
may  have  powers  of  1,000  applied  to  them.— 
The  greatest  barrier  to  the  perfecting  of  the  re- 
fracting telescope,  was  the  dispersion  of  light 
into  colour,  anil  the  consequent  haziness  of  Uia 
image  which  accompanies  refraction.  To  obviate 
this,  and  at  the  same  time  to  get  rid  of  the 
splierical  aberration,  Huyghens  employed  object- 
glasses  of  very  long  focus,  in  which,  of  course, 
the  refraction  and  consequent  dispersion  Avas  cor- 
respondingly small,  and  in  this  way  he,  to  some 
extent,  overcame  the  difficulty  in  his  "  aerial  tele- 
scopes," of  100  or  150  feet  in  focal  length.  These, 
however,  were  cumbersome,  and  Newton,  who  at 
this  time  saw  no  possibility  of  constructing  achro- 
matic object-glasses,  abandonrd  refraction  alto- 
gether as  a  means  of  primal ily  gathering  the 
light  to  form  an  image.    In  its  place  he  substi- 
tuted the  rellecting  mirror,  or  speculum,  properly 
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figured,  as  the  laws  of  retiection  demand.  In 
Speculum  will  be  found  details  concerning  the 
making  and  figuring  of  specula.  All  that  re- 
lates to  the  space-penetrating  and  the  magnifying 
powers  of  such  instruments,  may  be  learnt  from 
what  has  already  been  stated.  The  principal 
forms  of  the  reflecting  telescope,  as  at  present 
used,  are  the  three  varieties  named  after  their 
inventors,  the  Newtonian,  the  Gregorian,  and  the 
Herschelian.  In  fig.  6,  s  represents  the  speculum 
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iri '  its  tube, '  'and' B  t1ife'  '&mall  plane  secondarj' 
speculum  by  which  the  rays  are  reflected  in 
such  a  manner  that  the  image  may  be  formed  in 
an  aperture  pierced  in  the  side  of  the  tube  where 
the  eye-glass  is  fixed,  by  which  the  rays  in  the 
individual  pencils  are  rendered  parallel,  so  as  to 
be  fitted  for  the  eye  placed  at  e.    This  is  the 
Newtonian  form  of  the  instniment.    Instead  of 
the  secondarj'  reflector  n,  placed  so  as  to  turn 
the  rays  aside  to  a  position  where  the  obsen-er 
can  station  himself  without  interfering  -with  the 
course  of  the  light  in  its  progress  from  the  ob- 
ject to  the  principal  speculum,  a  totally  reflecting 
prism  is  sometimes  used  with  advantage,  as  by 
this  means  there  is  less  loss  of  light.  This  is  the 
form  used  in  the  great  instruments  of  Lord  Rosse, 
Mr.  Lassel,  and  that  erected  by  the  munificence 
of  the  Marquis  of  Breadalbane,  at  the  observatory 
of  Glasgow.    The  speculum  of  the  latter  instru- 
ment was  originally  cast  by  Mr.  Ramage  of  Aber- 
deen.   It  is  twenty-two  inches  in  diameter,  and 
was  ground  by  him  to  a  focus  so  long  as  to  be 
nearly  unmanageable.    Some  years  ago  it  was 
purchased  for  the  Glasgow  observatory.  Since 
accurate  modes  of  grinding  were  introduced  by 
Lord  Rosse,  it  has  become  possible  to  approxi- 
mate so  closely  to  a  parabolic  figure  that  a  much 
shorter  focus  'could  be  given  to  such  a  size  of 
metal,  and  yet  good  definition  be  obtained.  See- 
ing the  desirableness  of  this,  the  Marquis  of 
Breadalbane  had  it  re-ground,  polished,  and  fitted 
up  as  an  equatorial.    It  now  stands  in  the  great 
dome  of  the  building  in  a  perfect  st^ite,  fitted 
with  a  clock-work  movement,  and  in  a  condition 
in  every  way  calculated  to  do  honour  to  the., 
nobleman  who  so  generously,  for  the  sake  of) 
science,  undertook  its  completion.    The  great 
telescope  of  Lord  Rosse  has  a  speculum  six  feet 
in  diameter,  and  four  tons  in  weight.  The  tube  is 
of  wood  hooped  with  iron,  and  is  lifty-two  feet  m 
length.    It  rests  at  its  lower  end  on  a  universal 
joint,  and  is  suspended  by  chains,  so  as  easily  to 
"be  lowered  or  elevated.    A  wall  is  built  on  cacti 
side  of  it  for  protection,  as  is  rci'reseuted  ni  lig. 
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7.  Stairs  and  galleries  are  erected  fortlic  nccom- 
I  iiodation  of  the  observer.  The  whole  mechanism, 


Fig.  7. 

from  the  casting  and  polishing  apparatus  to  the 
completion  of  its  smallest  balancing  wheels,  shows 
an  amount  of  theoretical  and  practical  science 
which  has  rarely  been  equalled  in  any  human 
invention.  It  has  already,  in  disclosing  the 
.'Structure  of  the  sph-al  nebulae,  accomplished  mar- 
^■el3  in  astronomy.  For  further  details  the  reader 
is  referred  to  Specolum. — The  Gregorian  form 
of  the  Reflecting  Telescope  is  that  used,  chiefly 
for  smaller  instruments,  on  account  of  the  cir- 
cumstance that  it  is  more  easily  directed  to  the 
object  to  be  examined.  In  this  form  the  secondary 
speculum  is  concave,  and  is  placed  so  as  to  throw 
tlie  light  which  comes  from  the  primary  reflector 
flirough  an  opening  in  the  latter,  behind  which 
the  eye-piece  is  placed.    Fig.  8  exhibits  in  sec- 
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t  tion,  the  general  arrangement  of  the  Gregorian 
t  telescope,  s  is  the  primary  and  s  the  secondary 
.^speculum,  r  k  is  a  rod  by  which  the  secondarv 
sspeculum  is  pushed  nearer  to  or  farther  from  the 
pprimary,  till  the  rays  of  the  different  pencils,  after 
ppassing  through,  are  rendered  parallel  among 
t  themselves,  wliich  is  perceived  by  the  eve  placed 
bbehind  e,  when  it  sees  the  image  distinctly.  In 
hboth  the  Newtonian  and  the  Gregorian  forms,  a 
pportion  of  the  light  which  would  otherwise  fall 
«on  the  principal  speculum,  is  kept  back  by  the 
^secondary  placed  in  front  of  it.  Bv  this  loss  of 
Hlight  the  image  is  rendered  less  bright,  a  circum- 
sstance  which  in  the  case  of  objects,  such  as  faint 
sstars  and  nebula;,  is  a  decided  disadvantage.  To 
nobviate  this  loss  of  light,  and  also  that  which 
ooccurs  in  the  second  reflection.  Sir  Wm.  Herscliel 
nmade  use  of  the  arrangement  Icnown  by  his  name, 
»and  sometimes  also  termed  the  Le  Mairan  tele- 
Mcope.  Fig.  9  exhil)it8  a  section  of  tliis  foi-m  ;  at 
W  is  placed  the  speculum,  and  at  e  the  eve-glass. 
EBays  o  r,  o'  .s,  from  the  object  pass  down  tlie 
titube  to  the  speculum,  and  are  thence  reflected 
wlong  the  lines  p  i;  s  f,  to  the  principal  focus  f, 
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where  they  cross  each  other,  and  in  a  divergent 
state  proceed  to  pass  through  the  eye-glass  at  e, 


»  -  --  --  :z-^p^ 

'  e 

Fig.  9. 

by  which  they  are  refracted  to  parallelism,  so  as 
to  be  fit  to  enter  the  eye,  and  by  its  lens  to  be 
brought  to  a  focus  on  the  retina.  The  great 
forty  feet  reflector,  constructed  by  Herschel,  was 
mounted  in  this  way,  and,  from  the  quantity  of 
light  collected  by  it,  he  was  enabled  to  apply  a 
magnifying  power  of  6,000  in  examining  the 
stars. — It  is  said  to  be  the  intention  of  Lord 
Eosse  to  adopt  this  mode  of  viewing  the  image  in 
the  great  instrument  above  described,  and  if  his 
anticipations  are  realized,  its  gigantic  powers 
will  be  yet  further  increased.  Cassegrain's  tele- 
scope differs  from  the  Gregoi-ian  only  in  the 
secondary  speculum,  being  convex  instead  of 
concave.  Mr.  Nasmyth  of  Manchester,  in  his 
instrument,  fixes  the  secondary  speculum  or 
prism  at  such  a  position  that  the  rays  re- 
flected from  it  pass  through  the  axis  on  which 
the  tube  is  made  to  swing.  In  this  axis  the 
eye-piece  is  fixed,  so  that  the  observer  does  not 
require  to  change  his  position  while  the  tele- 
scope is  directed  to  different  altitudes.  The  whole 
platform  on  which  the  instrument  and  observer 
are  placed,  is  moved  round  on  a  turn  table,  thus 
giving  greater  facilities  for  sketching,  or  careful 
and  continued  observation,  than  the  common  form 
of  mounting. — la  all  that  has  been  stated  in  re- 
gard to  the  telescope,  it  has  been  supposed  that 
the  eye-glass  consisted  only  of  a  single  lens.  In 
many  cases,  however,  it  is  found  preferable,  for 
distinctness  and  extent  of  field,  to  use  a  combi- 
nation of  two  or  more  lenses  forming  a  compound 
eye-piece.  For  a  description  of  the  modes  of  com- 
bining these  so  as  to  produce  the  best  effects,  and 
for  fm-ther  details,  the  reader  is  referred  to  writers 
on  optics,  or  works  on  Practical  Astronomy, 

Tciupci-atiirc.  A  term  usually  signifying 
the  comparative  amount  by  which  the  thermome- 
ter is  afl'ected  by  sun-ounding  bodies  or  circum- 
stances. In  the  present  article  we  shall  speak 
solely  of  questions  connected  with  the  tempera- 
ture of  the  globe — The  temperature  of  anv 
sphere  situated  in  space  as  tlie  earth  is,  must  be 
determined  by  three  elements— viz.,  the  tempera- 
ture belonging  to  itself;  the  temperature  proper 
to  the  space  within  which  it  is  resting;  and  the 
amount  of  heat  it  receives  from  tlie  sun.  The 
causes  of  the  temperature  peculiar  to  different- 
localities  on  its  surfiico,  are  found  in  certain 
specialities  of  those  localities.  Wo  shall  survey 
very  briefly  these  several  subjects  :  — 

(1.)  The  Proper  Temperature  of  the  Globe  

Whatever  may  have  been  tlie  original  condition 
of  our  globe,  or  whatever  lis  present  intern'd 
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constitiilion,  all  effect  on  the  temperature  of  its 
surface,  as  arising  from  that  condition,  has  long 
ceased.  Taking  even  the  extreme  supposition — 
viz.,  that  tlie  earth  was  once  liquid  through 
fusion,  it  is  indubitable  that  since  the  consolida- 
tion of  the  outer  strata,  the  heat  communicated 
by  solar  action,  and  that  lost  by  radiation,  balance 
each  other.  Still,  the  question  as  to  internal 
temperauure,  is  an  important  one ;  and  we  cannot 
si'lve  it,  in  any  du-ection,  without  reaching  con- 
clusions that  must  largely  influence  our  views 
concerning  the  history  or  the  determining  causes 
of  the  past  states  of  our  globe.  The  facts  are 
these: — The  heating  power  of  the  sun  reaches 
only  a  certain  depth  below  the  earth's  surface. 
In  our  latitudes,  that  depth  is  about  eighty  feet 
— of  course  it  is  more  at  the  equator  and  much 
less  at  the  poles.  If  a  solid  were  described 
through  all  these  points  of  ultimate  solar  effect, 
its  surface  would  give  us  an  invariable  iso- 
geothermal  stratum ;  and  penetration  below  that 
stratum  will  begin  to  indicate  the  state  of  the 
earth's  interior.  Now,  it  cannot  be  doubted, 
from  the  temperature  of  deep  mines  and  the  tem- 
perature of  hot  springs,  that  the  earth's  heat 
increases  as  we  descend  below  this  invariable 
stratum,  or  pierce  into  the  solid  we  have  ima- 
gined. These  two  sources  of  intelligence  com- 
bine, in  so  far  as  they  have  gone,  in  establishing 
an  increase  of  1^  of  Fahrenheit  for  a  descent  of 
sixty  or  seventy  feet.  This  subject  has  been 
fully  discussed  by  Cordier  Bischoff,  and  KupfFer, 
and  we  owe  a  very  interesting  memoir  on  hot 
springs  to  Hallmann.  Kupffer  especially  has 
established  the  course  of  the  iso-geothermal  sur- 
faces over  a  considerable  extent;  and  he  has 
found  that  they  vary  with  the  longitude  as  well 
as  with  latitude,  being  subject- to  very  anomalous 

bendings  But  the  point  of  gi-eatest  apparent 

interest  connected  with  this  question  is  the  light 
it  may  be  supposed  to  throw  on  the  interior  of 
the  globe.  If  the  foregoing  rate  of  increase  of 
temperature  should  continue  uniform,  we  would 
reach  a  temperature  at  the  depth  of  fiftj-  miles 
sufficient  to  fuse  every  known  material  element 
of  the  earth's  mass  ;  so  that  the  sphere  on  whicli 
we  live  would  really  be  a  molten  sphere  covered 
by  a  very  thin  solid  crust.  But  under  Pheces- 
sroN,  we  have  seen  the  utter  incompatibility  of 
this,  with  the  rigorous  and  irreversible  demands 
of  the  law  of  gravitation.  There  are  two  sets 
of  considerations  at  present  under  scrutiny,  by 
either  of  which  the  contradiction  may  be  re- 
solved. Mr.  Hopkins,  who  suggested  the  diffi- 
culty as  to  precession,  has  pointed  out,  that  we 
do  not  know  the  point  of  fusion  under  great 
pressures.  And  in  connection  with  Mr.  Joule, 
and  our  eminent  engineer  Mr.  I'airbairn,  he 
has  been  conducting  experiments  at  Manchester, 
calculated  to  determine  this  point.  Tiiese  ex- 
periments have  already  established  an  increase 
in  the  temperature  of  fusion  proportional  to 
the  pressure  to  which  the  fused  mass  is  sub- 
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jecied.  This  inquiry  has  not  proceeded  far 
enough  to  sustain  definite  universal  conclusions ; 
but  we  should  venture  to  doubt  whether  it 
will  enable  us  to  bestow  on  our  globe  a  theo- 
retical solid  crust  adequate  to  the  exigencies  of 
precession.  The  second  solution  of  the  dilR- 
culty  is  that  by  Poisson.  This  eminent  geo- 
meter thinks  that  a  gradual  cooling  does  not 
necessitate  the  result  of  a  fluid  or  red  hot  nucleus. 
And  he  disputes  the  inference  from  the  tempera- 
tui  e  of  pits  and  springs,  that  there  must  be  a 
I'cgular  increase  of  temperature  the  deeper  we 
descend.  In  Poisson's  view,  the  temperature  of 
space  has  plaj-ed  a  most  important  part  in  the 
previous  history  of  our  planet.  Swept  onwards 
as  a  dependent  on  the  sun,  in  wtue  of  the  great 
motion  of  translation  of  that  orb,  it  is  probable 
that  we  must  pass  through  regions  of  space  of 
very  various  proper  temperatures.  If  we  have 
come  from  a  hot  region  into  the  midst  of  one 
comparatively  cold,  the  phenomena  of  mines  and 
springs  might  be  readily  explained,  irrespective 
of  those  larger  conclusions  regarding  the  primal 
state  of  our  planet. — We  leave  the  interesting 
subject  as  in  the  meantime  far  from  freed  of  doubt ; 
— one  thing,  however,  seems  very  clear, — modern 
theoretical  geology  assumes  a  great  deal  too  much, 
in  referring  the  comparatively  slight  unevenness 
of  the  earth's  contour  to  agitations  of  its  internal, 
and,  under  any  tenable  hypothesis,  very  remote 
central  mass. 

(2.)  Temperature  as  Dependent  on  the  Sun, — 
The  effect  of  the  direct  radiation  of  the  sun  was 
first  determined  experimentally  by  M.  Pouillet, 
by  aid  of  his  Pyrheliometer.  The  atmosphere  being 
almost  entirely  diathermanous  to  radiant  heat 
there  is  no  great  difficulty  in  determining  this 
important  element.  It  is  thus  given  by  Pouillet : 
— "  If  the  total  quantity  of  heat  received  by  the 
earth  from  the  sun  were  uniformly  distributed 
over  all  portions  of  the  globe,  and  employed, 
without  loss,  to  melt  ice,  it  would  melt  every 
year  a  stratum  or  envelope  of  ice,  around  our 
whole  globe,  of  a  thickness  somewhat  upwards 
of  100  feet.  This  is  the  simplest  expression  of 
the  total  quantity  of  the  heat  that  the  earth 
annually  receives  from  the  sun."  But,  as  Mr. 
Hopkins  has  recently  shown,  the  whole  effect  of 
solar  heat  at  any  proposed  place  is  nearly  double 
that  due  to  the  immediate  and  direct  effect  of 
solar  radiation.  The  atmosphere,  although  dia- 
thermanous, is  heated  by  the  earth  through  effect 
of  conduction,  connection,  and  radiation,  to  small 
distances;  and,  being  thus  heated,  it  reacts  on 
terrestrial  temperature,  influencing  every  part  ot 
the  globe,  according  to  certain  laws,  in  the  nian- 
uer  above  stated.  Mr.  Hopkins  )ia.s  entered  on 
several  ingenious  speculations  as  to  the  influence 
of  atmospheres  of  diflerent  heights.  It  appears 
that  the  temperature  of  any  planet  might  be  so 
largely  moditicd  in  tbis  way,  that  no  absolute 
conclusion  can  be  drawn  from  the  mere  position 
of  our  companion  orbs,  as  to  the  climales  that  pre- 
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I il  over  their  surfaces.  The  memoir  to  which 
refer  was  read  very  recently  to  the'  Cambridge 

ilosophical  Society",    -v.iuv)/  /.'ihnl-  :.v    u,  , 

i^ii.)  Temperature  of  »S'/)«ce.— Abstraction'  mad6 
f  the  calculated  effects  of  the  two  foregoing 
;  inial  causes  of  terrestrial  temperature,  there 
mains  the  temperature  of  the  spaces  amid 
liich  the  Earth  now  performs  its  motions.  This 

iiperature  may  arise  from  stellar  radiation,  from 
proper  heat  of  some  medium  filling  the  inter- 

Uar  spaces,  or  from  agencies  explicable  by  the 
indem  or  djuamical  theory  of  heat.  Under  § 
n,  of  this  article,  reference  has  been  made  to 
13  important  place  given  by  Poisson,  to  the 
iriation  of  one  of  these  agencies,  as  affecting 
le  history  of  our  globe ;  and  his  views  ought 
>  be  accepted  as  indicating  a  vera  causa.  The 
xtent  of  the  efficacy  of  such  a  cause,  remains 
latter  for  conjecture;  but  we  are  well  aware 
lat  the  influence  of  stellar  radiation  must  be 
ery  variable,  on  account  of  the  unequal  density 
ith  which  the  stars  are  distributed  through 

ace.  Who  shall  estimate  how  great  that  radi- 
lion  might  be,  were  the  earth  and  the  system 
'  which  it  belongs  immersed  in  one  of  the  dense 
agglomerations  of  the  Millq/.  Way  ? — As  to  the 
roper  temperature  of  the  spaces  at  present  around 
=i,  our  determinations  greatly  differ.  Mr.  Hop- 
ins  has  recently  adopted  ^ — 38°'5  Centigrade; 

lurierestimateditat — 50°*  C.  ;  while,  according 
j  Pouillet,  it  is  so  low  as  — 142°  C.  It  cannot 
e  doubted  that  Captain  Back  found  the  ther- 
lometer  at  Fort  Reliance  down  at  — 56°'7,  and 
olds  of  —60°,  —66°,  and  —70°,  have  been 
cached  in  Siberia.  The  accurate  determination 
annot  be  said  to  have  j'et  been  attained  ;  but  the 
stimate  by  Mr.  Hopkins  seems  the  preferable  one. 

(4.)    Actual  mean  Temperature  of  different 

oris  of  the  Earth's  Surface  The  determination 

f  this  temperature  by  observation,  is  one  grand 
lijoct  of  meteorological  research.  Under  Cli- 
I VTE,  Mean,  and  Isothkrjials,  the  methods 
lid  results  have  in  so  far  been  exposed.  But  a 
\vf  recently  discovered  by  Professor  Dove  has 

istly  facilitated  our  discovery  of  the  mean  tem- 

rature  of  different  localities,  for  any  special  sea- 
m  of  the  year.  The  following  is  his  own  exposi- 
'on  of  it : — "  The  temperature  of  any  particular 
lonth  varies  very  much  in  different  years ;  its 
rue  value  can  therefore  only  be  concluded  from 
bservations  during  a  long  series  of  j-ears,  and  we 
'issess  such  for  so  few  places,  that  if  we  wore  to 
init  ourselves  exclusively  to  them,  the  points 
irough  which  the  isothermals  are  drawn  would 

0  too  few  in  number.  It  was  tiicrelbre  neces- 
iry  to  find  some  means  of  correcting  observa- 
ons  which  extend  over  only  a  few  years,  so 
lat  they  might,  in  some  degree,  be  equivalent  to 
unclusions  drawn  from  a  longer  period.  This 
■ould  be  impossible,  if  the  variations  in  different 
oars  were  local  in  a  very  restricted  sense,  and 
II  inquiry  into  this  point  was  tliereforc  the 

1  it  thing  required.    The  thermic  march  of  the 
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weather  during  an  interval  of  115  years,  from 
1729  to  1848  inclusive,  was  sought  to  be  dcter- 
minbd  in  four  memoirs  on  the  non-periodic  vari- 
ations of  temperature  on  the  Earth's  surface. 
This  was  done  by  forming  tables  of  contempora- 
neous series  of  observations  for  a  considerable 
number  of  years,  and  deducing  the  variations  of 
the  months  in  single  years  from  the  means  of  the 
same  months  drawn  from  manyj-ears.  It  thence 
appeared  that  important  variations  are  never 
merely  local,  but  that  the  same  character  of 
weather  prevails  over  large  portions  of  the  globe; 
that  the  anomaly  reaches  its  maximum  in  one 
spot,  in  receding  from  which  it  lessens  more  and 
more  until  passing  through  places  where  the 
thermic  conditions  are  in  their  normal  state,  an 
opposite  extreme  is  reached  which  so  compensates 
the  first  that  the  general  sum  of  warmth  distri- 
buted over  the  earth  at  any  particular  time  of 
year  is  the  same  in  different  years,  although  the 
values  which  make  up  the  sum  may  be  very  dif-i- 
ferent.  Knowing  the  prevailing  character  of  the 
weather  in  particular  places  in  the  different  years, 
we  are  enabled  to  deduce  from  the  deviations 
at  a  few  normal  stations,  where  the  observations 
extend  over  a  long  series  of  years,  the  quantita'- 
tive  corrections  to  be  applied  to  the  results  of 
observations  continued  for  only  a  few  j^ears. 
The  fourth  memoir  contains  the  corrections  cal- 
culated for  nineteen  such  normal  stations — '■ 
Madras,  Palermo,  Milan,  Geneva,  Vienna,  Ee- 
gensburg,  Stuttgard,  CarlsrUhe,  Berlin,  Copen- 
hagen, Torneo,  London,  Kinfauns  Castle,  Zwa- 
nenburg,  Paris,  Salem,  Albany,  Golthaab,  and 
R3'kiavig.  These  four  memoirs  also  contain 
the  complete  data  derived  from  observations  at 
700  stations,  or  the  monthly  means  during  the 
respective  years  of  observation. — The  second 
necessary  correction  is  that  required  for  eliminat- 
ing the  diurnal  variation,  and  reducing  the  obser- 
vations made  at  particular  hours  to  the  mean  of 
the  whole  twenly-four  hours,  as  it  is  only  at  a 
few  stations  that  observations  were  made  hourly. 
These  latter  stations — twenty-nine  in  number — 
supply  the  values  required  to  reduce  the  obser- 
vations at  any  particular  hour  to  the  mean  of  the 
twentj--four  hours,  and  are  given  in  the  memoir 
entitled,  '  On  the  Diurnal  Variations  of  the 
Temperature  of  the  Atmosphere.'  They  are:  — 
Kio  Janeiro,  Trevanderum,  Madras,  Bombay, 
Frankfort  Arsenal,  Toronto,  Rome,  Padua,Krems- 
miinster,  Prague,  Muhlshausen,  llalle,  Giittingen, 
Salzuflen,  Brussels,  Plymouth,  Leith,  Greenwich, 
Apenrado,  Christiatiia,  Drontheim,  Ilelsingfors, 
Petersburg,  Catliarinenburg,  Barnaoul,  Nert- 
schinsk,  Matoschkiii,  Schar,  the  Kariangate,  and 
Boothia  Felix. — It  still  remained  to  deduce  from 
single  years  the  monthly  means  for  periods  of 
many  years.  The  temperature  tables  in  the 
volume  of  tlie  Transactions  of  the  Berlin  Aca- 
demy for  19,'^! ,  contain  the  means  for  the  months, 
for  tlio  seasons,  and  for  the  year,  as  they  follow 
directly  from  the  observations,  without  coiTcclion 
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for  dinrnal  variation.    Tlicse  tables  liave  also 
been  calculated  in  Fahrenheit's  scale,  and  are 
published  in  the  Report  of  the  seventeenth  meet- 
ing of  the  Brilish  Association,  held  at  Oxford, 
1847.   Since  the  publication  of  this  work  several 
stations  have  been  added,  and  for  other  stations 
the  means  have  been  determined  from  longer 
series  of  observations. — Lastly,  it  remained  to 
fill  up  the  wide  intervals  between  the  stations  by 
the  help  of  points  in  the  intervening  seas.  This 
last  work  consumed  a  great  quantity  of  time,  as, 
generally  speaking,  the  single  observations  are 
not  even  put  together  in  daily  means ;  and  be- 
sides the  mean  place  of  the  ship  must  be  deter- 
mined for  each  occasion  from  the  continually 
varying  latitudes  and  longitudes.    It  is  only  in 
Beechey's  Narrative  of  a  Voyage  to  the  Pacific 
and  Behrinr/s  Slrai/s  (which  is  a  true  model  in 
point  of  reduction),  that  this  has  been  done.  Be- 
sides the  i  bove  work,  I  have  made  use  of  tlie  fol- 
lowing, viz.,  The  United  States  Exploring  Ex- 
pedition (in  which,  however,  as  the  distinct 
meteorological  appendix  has  not  yet  been  pub- 
lished, I  could  only  employ  the  notices  found  in 
the  text)  ;  Captain  James  Ross's  Voyage  of  Dis- 
covery and  Research  in  the  Southern  and  Ant- 
arctic Regions ;  and  Dumont  d'Urville's  Voyage 
au  Pole  Sud  et  dans  1'  Oceanic  sur  V  AslroJake  et 
la  Zele'e.    These  three  works,  with  Clerk's  Daily 
Abstract  of  Meteorological  Observations  made  on 
board  the  Pagoda,  and  King  and  Fitzroy's  Nai'- 
rative  of  the  Surveying  Voyages  of  the  Adventure 
and  Beagle,  describing  their  examination  of  the 
southern  shores  of  South  America,  have  rendered 
it  posJble  to  deduce  the  isothermals  of  the 
Southern  Hemisphere  much  more  extensively 
than  could  have  been  done  a  short  time  a^o,  and 
thus  to  obtain  an  approximate  determination  of 
the  temperature  of  the  southern  half  of  the  globe. 
.    ,    .    Although,  by  reason  of  the  smaller  vari- 
ation of  the  temperature  on  the  surface  of  the  ocean, 
observations  even  of  very  short  periods  give  ap- 
proximate results,  yet  the  mass  of  materials 
which  one  fancies,  at  first  sight,  one  has  at  com- 
mand, contracts  exceedingly  in  its  dimensions 
on  a  nearer  inspection :  for,  as  on  land,  stations 
of  observation  are  unnecessarily  crowded  in  some 
places  and  altogether  wanting  in  others,  so  also 
at  sea,  there  are  much  frequented  routes,  and,  on 
the  other  hand,  extensive  tracts  which  are  hardly 
ever  traversed.    The  influence  of  season  encoun- 
ters the  inquirer  the  more  frequently  in  sea  obser- 
vations, becnuse  the  prevailing  winds  of  different 
parts  of  the  year  determine  the  most  favourable 
season  of   "navigation  for   particular  routes. 
Against  this  inconvenience  wo  may  place  the  ad- 
vantage which  sea  observations  possess  of  getting 
rid  of  the  often  very  uncertain  correction  for  tlie 
influence  of  elevation."— The  actual  mean  tem- 
perature thus  determined,  M.  Dove  has  pub- 
lished a  number  of  grapliic  representations  of  it  of 
tho  most  valuable  description.    These  have  been 
described  under  Isotiieumals  ;  but  he  has  fur- 
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ther  added  a  series  of  charts  of  what  he  terms 
Is.\BNOUMALS,  which  are  likewise  of  greatest 
importance.  Were  the  Earth's  surface  uniform, 
each  place  on  that  surface  would  have  a  mean 
temperature  depending  solelj'  on  its  Latitude, 
and  lines  thus  indicated  are  termed  by  Dove  the 
Thermic  Normals:  curves  dra%vn  through  points 
of  equal  deviation  from  the  thermic  normals  are 
the  Thermic  Isabnormnls.  A  chart  of  this  kind 
is  given  in  Johnston's  new  edition  of  the  Physi- 
cal Atlas.  The  deviation  depends  on  many 
causes  already  indicated  rmder  CLniATE  and 
Isothermals.  Only  a  few  remarks,  therefore,  • 
are  requisite  here ;  and  these  we  shall  arrange 
under  two  heads  : — 

a.  Thermic  Divergences  arising  from  Eleva- 
tion of  (he  Place  above  the  level  of  the  Sea. — 
The  physical  character  of  our  atmosphere  neces- 
sitating a  decrease  of  density  as  we  ascend,  in- 
volves also  a  diminution  of  temperature.  Taking 
the  mean  of  observations  made  on  the  flanks 
of  mountains  by  Saassure,  Kaemtz,  Bravais, 
Schow,  Martins,  Humboldt,  Boussingault,  and 
the  recent  French  Commission  of  the  North,  the 
diminution  is  one  degree  of  Fahrenheit  for  everj' 
303  feet  of  ascent.  The  decrement  on  mountain 
sides,  however,  cannot  be  taken  as  the  rate  of  decre- 
ment in  the  free  air.  This  rate  has  been  variously 
estimated.  Atkinson  in  his  elaborate  memoir, 
in  vol.  ii.  Astronomical  Society's  Transactions, 
estimates  it  at  one  degree  of  Fahrenheit  for  every 
250  feet ;  but  Mr.  Welsh,  who  has  recently  made 
four  balloon  ascents  with  Mr.  Green,  nearly  the 
height  of  22,940  feet,  estimates  the  rate  at  one 
degree  for  every  248  feet — thus  very  nearly 
agreeing  -with  Saussure. — Generally  speaking,  the 
limit  of  perpetual  snow,  although  varying  because 
of  many  circumstances  whose  separate  effects 
cannot  always  be  accurately  assigned,  follows 
the  law  indicated  by  the  following  numbers : — 

At  tlie  equator,  that  height  is  15,700  feet 

Atlat.  20°   15,000  „ 

„  lat.45o    8.41)0  „ 

„  kit.  G50   4,900  ,. 

Many  circumstances  besides  latitude,  however, 
affect  this  quantity.  For  instance,  on  the  north- 
ern slopes  of  the  Himalayas,  the  limit  of  perpetual 
snow  is  higher  than  the  equator,  being  upwards 
of  17,000  feet,  while  at  the  soutliern  flank  it  is 
3, GOO  feet  lower.  Anomalies  of  this  sort  are 
far  from  uncommon.  —  An  elaborate  attempt 
to  give  a  theory  of  the  decrease  of  temperature 
as  depending  on  elevation,  is  made  by  Professor 
Cliallis  in  the  Transactions  of  the  Camhridge 
Philosophical  Society,  vol.  vi.,  to  which  we  refer 
the  reader. 

b.  Other  Causes  of  Thermic  Divergences.— 
These  are  mainly  the  extent,  form,  and  expo- 
sure of  continents,  the  neighbourhood  to  oceanic 
currents,  and  the  character  of  tbe  prevailing 
winds.  The  general  effect  of  such  circumstances 
has  already  been  fully  noticed.  It  is  suflicicnt 
to  destroy  utterly  the  effect  of  latitude  ui  many. 


832 


THE 

c,v;es ;  for  instance,  when  the  centigrade  ther- 
mometer is  at  — 39°  at  Jakoutsk,  it  may  not  stand 
lower  than  — 19°  in  No%'a  Zembla,  although  the 
latter  is  farther  north  by  10°.  Sometimes  the 
concurrence  of  extremely  favourable  circum- 
stances, creates  a  climate  tit  for  an  Eden,  or  the 
Ilesperides  of  any  mj'thology.  Bougainville 
compares  Otaheite  to  the  Elysian  fields;  nor 
ioes  our  brave  Cook  disagree  with  him.  Within 
Europe  itself,  or  in  its  immediate  neighbour- 
hood, there  are  spots  on  which  Nature  seems  to 
have  showered  most  prodigally  her  choicest  gifts 
— witness  Italy,  Sicily,  Greece,  the  Azores, 
?>radeira,  the  Canaries,  the  coasts  and  islands 
jf  Asia  Minor : — 

0  ubl  campi, 
Spercheosque,  et  virginibus  bacchata  Lacainis 
Taygeta  I  0  qni  me  gelklis  in  vallibus  HiBini 
Sistat,  et  ingeuti  ramoi-um  protegat  umbra. 

■■  To  see  Naples,  and  then  to  die ! "  So  exclaims 
the  enraptured  traveller  when  first  he  experiences 
the  skies  and  climate  of  ancient  Parthenope. — 
-Uas!  that  climate  and  the  noblest  gifts  of  nature 
cannot  bring  civilization ! 

(5.)  Respecting  the  possible,  if  not  probable, 
temperature  of  our  companion  globes,  we  again 
refer  to  the  memoir  by  Mr.  Hopkins,  already 
juoted. 

Tenacity.  A  property  of  material  bodies  by 
•rt  hich  their  parts  resist  efforts  to  tear  them 
asunder.  It  is  a  result  of  the  unknown  corpus- 
cular forces  which  act  between  the  molecules  of 
a  body  at  insensible  distances.  It  differs  with 
the  material ;  and  for  the  same  material  under 
rlifFerences  of  circumstance,  as  of  temperature, 
&c.  The  tenacity  of  materials  is  a  chief 
element  of  their  strength,  and  great  pains  have 
been  taken  by  engineers  to  procure  numbers 
'vhich  should  accurately  measure  it.  The  tena- 
city of  wood  is  much  greater  (apparentlj'  about 
ten  times)  along  the  grain  than  transversely. 
With  metals,  the  processes  of  forging  and  wire- 
drawing greatly  increase  the  tenacity.  Mixed 
metals  have,  in  general,  greater  tenacity  than 
-imple  metals. 

Tension.  The  name  given  to  the  force  by 
which  a  bar  or  string  is  pulled  when  forming 
part  of  any  system,  in  equilibrium  or  in  motion. 
Thus  wlien  a  string  supports  a  weight,  tlie  tension 
of  the  string  is  the  weiglit  suspended  by  it.  E  veiy 
point  of  the  string,  since  it  is  in  equilibrium,  may 
be  considered  as  the  point  of  application  of  two 
forces,  each  equal  to  the  weight,  but  acting  in 
opposite  directions. 

Thalia.  One  of  the  Asteroids.  For  Elements, 
see  Asteroids. 

TlicmiM.  One  of  the  Asteroids.  For  Ele- 
ments, &c.,  see  Asteroids. 

Thci-mnniMm.  A  ray  of  heat  is  said  to  bo 
lliermanized  when  it  assumes  peculiar  proper- 
ties, on  transmission  through  media  that  permit 
it.s  transit.    See  Diatiiermanism. 

Thcrmo-Xllcctriclty.  Electrical  excitement 
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has  been  found  to  originate  from  purely  thermal 
action  in  a  variety  of  ways,  all  of  which  fall 
under  one  or  other  of  two  very  distinct  classes  of 
phenomena. 

I.  Pyro-electricity,  or  the  thermo-electricity 
of  non-conducting  crystals. — II.  Electro-motive 
forces  occasioned  by  differences  of  temperature  in 
metallic  conductors. 

I.  Pyro- Electricity  The  name  Pyro- 
electricity  has  been  given  to  this  division  of  the 
subject  by  some  writers,  but  for  no  better  reason 
than  to  leave  the  second  division  in  undisturbed 

enjoyment  of  the  name  thermo-electricity  Theo- 

phrastus  and  Pliny  both  mention  the  lyncurium, 
as  a  stone  which,  like  amber,  manifests  the  pro- 
iperty  of  attracting  light  bodies ;  but  neither  ap- 
pears to  have  been  aware  that  the  stone  can 
acquire  the  propertj'  by  heat  alone,  which  is  only 
developed  in  amber  by  friction ;  and  Pliny  ascribes 
to  the  power  of  heat,  the  attractive  force  observed 
in  each  case.  About  the  end  of  the  seventeenth 
century,  Dutch  merchants  brought  the  tourma- 
line from  Ce^'lon,  where  it  was  known  to  the 
natives  as  first  attracting,  and  then  repelling 
away,  hot  ashes  when  placed  among  them.  From 
that  time  to  this,  the  pyro-electric  property  of  the 
tourmaline,  and  of  other  natural  crystals  in  whicli 
the  same  quality  has  been  found,  has  been  re- 
garded with  peculiar  interest  by  all  who  have 
been  interested  in  electrical  science.  The  most 
celebrated  electricians  of  last  century  contributed 
important  elements  towards  an  understanding  of 
the  true  nature  of  the  phenomenon.  In  1757, 
iEpinus  showed  tliat  the  two  electricities  are 
ahvays  to  be  found  on  opposite  sides  or  ends 
of  the  same  piece  of  tourmaline  excited  by  heat. 
Canton  and  Bergraann  showed  that  a  tourmaline 
when  kept  hot  loses  the  electro-polarity  which  it 
acquires  in  being  heated,  and  acquires  the  reverse 
polarity  when  it  is  cooled  towards  its  primitive 
temperatm-e.  Canton  found  that  when  a  long 
crystal  of  tourmaline,  apparently  unelectric,  is 
broken  across  in  any  part,  the  separated  surfaces 
exhibit  contrary  electrifications.  The  pyro-elec- 
tric property  was  found  by  various  observers  in 
many  other  crystals  besides  tourmaline.  Thus 
we  have  the  following  list  of  electric  crj'stals : — 


Boracite. 

Topaz. 

Axinite. 


Mesotype. 

Tourmaline. 

Prehnite. 


Calamine. 
Sphene. 


The  electric  property  manifested  by  all  these 
crystals  consists  in  tlie  appearance  of  vitreous 
electricity  on  one  side  or  end,  and  the  appearance 
of  resinous  electricity  on  the  other  side  or  end, 
when  the  substance  is  raised  in  temperature. 
The  substance  which  manifests  it  has  therefore 
a  dipolar  quality.  Haiiy  proved  thai  elecli-ic 
crystals  exhibit  different  sets  of  crystuUine  faces 
on  the  two  sides  on  luhich  the  contrary  electric 
effects  are  observed.  Tiiis  dipolar  crystalliuo 
asymmctrj',  along  with  the  dipolar  electric  qualit  v 
with  which  it  is  associated,  constitutes  tlie  only- 
dipolar  quality  which  has  been  found  to  be  in- 
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trinsically  possessed  by  an^'  substance,  either  of 
natural  crystals  or  of  artificially  prepared  bodies. 
It  has  not  yet  been  found  whether  magnetic  crys- 
tals (magnetic  iron  ore  for  instance)  are  essen- 
tially dipolar  in  their  magnetic  quality,  or  simply 
possess  this  quality  in  virtue  of  an  inductive  effect 
they  may  have  experienced,  and,  like  steel,  may  be 
capable  of  losing  it  or  of  having  it  reversed  in  them. 

The  most  probable  account  that  can  be  given 
of  the  pyro-electric  quality  of  dipolar  crystals 
is,  that  these  bodies  intrinsically  possess  the 
same  kind  of  bodily  electro-polarizalion  which 
Faraday  in  his  Experimental  Researches,  has 
clearly  proved  to  be  temporarily  produced  by 
electric  force  in  solid  and  liquid  non-conductors; 
and  that  they  possess  this  property  to  different 
degrees  at  different  temperatures.   The  inductive 
action  exercised  by  this  electro-polar  state  of  the 
substance,  on  the  matter  touching  the  body  all 
round,  induces  a  superficial  electrification  which 
perfectly  balances  its  electric  force  on  all  points 
in  the  external  matter :  but  when  the  crystal  is 
broken  in  two  across  its  electric  axis,  the  two 
parts  exhibit  as  wholes  contrary  electrifications, 
not  only  by  the  free  electro-polarities  on  the  frac- 
tured surfaces,  discovered  by  Canton,  but  by  the 
induced  electrification  on  the  old  surface,  belong- 
ing to  the  old  state  of  electric  equilibrium,  and 
gradually  lost  by  slow  conduction,  while  a  new 
superficial  distribution  of  electricity  on  each  frag- 
ment is  acquired  which  ultimately  maslcs  all 
external  symptoms  of  electric  excitement.  When 
the  temperature  of  the  substance  is  changed  its 
electro-polarization  changes  simultaneously,  while 
the  masking  superficial  electrification  follows  the 
change  only  by  slow  degrees :  more  or  less  slow 
according  to  the  greater  or  less  resistance  offered 
to  electric  conduction  in  the  substance  or  along 
it.s  surface. 

II.  Thermo  -  Electeicity  of  Metallic 
Conductors. 

(1.)  Direct  Experimental  Results  as  to  Electric 
Effects  of  Thermal  Inequalities.— When  the  junc- 
tions of  different  metals  in  a  heterogeneous  metal- 
lic circuit,  or  when  different  quarters  of  a  circuit 
or  block  composed  of  one  crystalline  metal, 
are  maintained  at  different  temperatures,  a  deli 
cately  suspended  needle  placed  in  the  neiglibour- 
hood  is  generally  found  to  be  deflected,  as  if  it 
were  placed  in  the  neighbourhood  of  a  magnet. 
Tiiis  phenomenon,  which  has  somctnnes  been 
called  thervio-mafinetism,  was  discovered  by  See- 
beck  in  1822,  and  was  by  him  correctly  explained, 
in  accordance  with  Oersted's  then  very  recent  dis- 
covery of  electro-magnetic  force,  by  attributing  it 
to  continuous  electric  motion  sustained  m  the 
metallic  substance  by  the  agency  of  heat.  \ehn 
and  Sturgeon  examined  the  "thermo-electric 
currents  in  variouslv  shaped  specimens  of  simple 
rnctals,  and  were  led  to  attribute  them  to  crys 
talline  structure.    Becquercl  found  electric  cur 
rents  indicated  bv  a  delicate  galvanometer  when 
the  circuit  of  tlie  galvanometer  coU  was  com- 
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pleted  through  an  arc  of  wire  of  one  metal  v.-ith 
a  knot  tied  upon  it  when  heat  is  applied  on  ona 
side  or  the  other  of  the  knot.   Magnus  (Poggeu- 
dorf,  Annalen,  Aug.  1851)  has    shown  that 
the  thermo-electric  action  in  this  case  is  due 
to  a  hardening  or  other  change  of  temper  pro- 
duced in  the  wire  by  the  stress  applied  to  it  in 
making  the  knot,  and  not  to  unequal  thermal 
conduction  towards  and  from  the  knot;  and  be 
has  investigated  the  effects  of  hardening  wires  by 
wire-drawing,  in  giving  them,  for  lon^tudinai 
conduction,  the  thermo-electric  qualities  of  altered 
substance.    Svanberg  has  shown  that  a  crystal 
of  one  metal  (of  bismuth  for  instance,  or  of  anti- 
mony), when  placed  in  a  circuit  with  its  crystal- 
line axis  in  the  line  of  conduction,  and  again  with 
its  crystalline  axis  perpendicular  to  the  line  of  con- 
duction, exhibits  the  difference  of  thermo-electric 
quality  found  between  different  metals.  Pro- 
fessor W.  Thomson  has  found  that  metals  when 
subjected  to  stress  (that  is  dilating,  compressmg, 
or  distorting  force),  experience  alterations  in  their 
thermo-electric  qualities  which  they  lose  when 
the  stress  is  removed ;  that  when  the  stress  is 
not  a  uniform  dilatation  or  condensation  ui 
all  directions,  the  alteration  of  thermo-electric 
quality  is  different  for  different  directions  of  the 
line  of  conduction  ;  and  that  with  a  simple  stress 
either  of  dilatation  or  of  condensation  parallel  to 
one  Ime,  this  thermo-electric  alteration  is  in  gene- 
ral of  contrary  characters,  when  the  line  of  con- 
duction is  parallel,  aud  when  it  is  perpendicular 
to  the  direction  of  stress.    He  has  also  shovm 
that  the  alterations  of  thermo-electric  quality 
discovered  bv  Magnus  are  contrary  to  those 


which  would  he  found  by  putting  the  same 
wu-es  into  a  circuit  in  such  a  manner  as  to  hare 
the  electricity  conducted  tlirough  them  perpendi- 
cular to  then-  lengths ;  and  he  has  investigated 
allied  cycles  of  thermo-electric  effects  produced  by 
various  modes  of  hardening  or  tempering  metallic 
pieces  of  various  shapes.  Thus,  he  finds  that  the 
thermo-electric  effect  of  hardening  a  metallic  wire 
by  transverse  hammering,  is  the  same  as  that  of 
hardening  it  by  mere  longitudinal  tension,  and 
is  contrary  to  the  thermo-electric  effect  of  har- 
dening by  compressing  longitudinally  a  little 
pillar,  or  by  dUating  laterally  a  shp,  of  the  same 
metal,  when  the  length  of  the  wire,  of  the  pillar, 
and  of  the  slip,  is  in  each  case  taken  as  the  line 
of  conduction.  He  has  found  also  that  magne- 
tization cither  during  or  subsisting  after  the  apph- 
cation  of  the  active  magnetizing  force,  alters  tlie 
thermo-electric  quality  of  unmagnetized  iron,  slct>l, 
and  nickel ;  that  the  alteration  is,  at  least  for  iron, 
of  a  contrary  character  for  conduction  along  and 
for  conduction  across  the  lines  of  magnetic  force 
or  of  magnetization;  and  that  the  Ihermo-electnc 
alteration  in  the  one  case  tested  for  nickel— that 
is  for  conduction  along  the  lines  of  magnetic 
force— is  contrary  in  character  to  the  alteration 
experienced  in  the  corresponding  circumstances 
in  U'ou. 
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Thermo-electric  Inversions  were  discovered 
by  Gumming  as  early  ns  1823,  but  have  attrac- 
ted little  attention  until  quite  recently;  and 
phenomena  of  this  class  described  by  Becquerel, 
have  been  either  denied  or  explained  away 
erroneously  by  various  writers.    The  original 
observations,  in  reality  worthy  of  perfect  con- 
fidence, are  readily  verified  by  experiment,  and 
may  easily  be  exhibited  in  a  striking  manner  by 
the  aid  of  any  ordinary  galvanometer  adapted 
for  illustrating  thermo-electricity.     A  great 
number  of  new  cases  of  thermo-electric  inver- 
sion, at  ordinary  temperatures,  between  ordinary 
metals,  have  been  found  by  Prof  W.  Thomson,  and 
the  temperatures  of  neutrality  between  the  two 
metals  determined  in  many  of  the  cases.  Instead 
of  a  single  thermo-  electric  list  such  as  is  usually 
given  to  express  the  thermo-electric  relations  of 
different  metals,  he  gives  a  diagram  of  lines,  show- 
ing the  orders  in  which  they  lie  at  different  tem- 
peratures, and  the  temperatui-es  of  neutrality  for 
different  pairs.     The  table  on  the  precedmg 
page  is  deduced  from  the  most  recent  edition 
of  that  diagram  (Phil  Trans.,  1856),  taken 
in  connection  with  other  experimental  results  by 
the  same  author  alluded  to  above,  and  with  an 
observation  on  the  thermo-electric  quality  of  cast 
iron  recently  communicated  to  him  by  Mr.  Joule. 

 The  relations  expressed  by  this  table  are  such, 

that  if  arcs  of  any  two  of  the  metals  be  put 
together  so  as  to  make  a  single  metallic  circuit, 
and  if  either  junction  be  slightly  varied  fi-om  the 
temperature  to  which  any  column  belongs,  a  cur- 
rent will  flow  through  the  circuit  in  the  dhec- 
tion  from  the  metal  whose  name  stands  lower  in 
that  column,  across  the  warmer  junction,  into  the 
other  metal. 

(2.)  Thermo-dijnamic  Relations. — In  a  Me- 
chanical Theory 'of  Thermo-electric  Currents," 
communicated  to  the  Royal  Society  of  Edin- 
burgh in  1851,  W.  Thomson  taking  up  a  hint 
thrown  out  by  Joule,*  that  the  cooling  effect  dis- 
covered by  Peltier  as  produced  by  an  electric 
current  in  flowing  from  bismuth  to  antimony 
across  a  surface  of  contact,  is  to  be  regarded  as 
exhibiting  the  source  of  energy  drawn  upon  in  a 
thermo-electric  current,  in  a  circuit  of  these 
metals,  showed  that  by  using  Carnot's  principle 
as  modified  bv  Clausius  and  himself,  m  connec- 
tion with  Joule's  law  of  the  mutual  convertibility 
of  heat  and  meclianical  power,  the  energy  of  a 
thermo-electric  current  may  be  distinctly  traced 
to  certain  absorptions  and  evolutions  of  heat  in 
different  parts  of  the  circuit  through  which  the 
current  passes.    According  to  Peltier's  discovery 
there  is  essentially  an  absorption  of  heat  at  t  le 
warmer  junction,  and  an  evolution  of  heat  at  the 
colder  junction  when,  in  a  closed  circle  of  two 
metals  thermo  -  electrically  different  from  one 
another,  the  two  junctions  are  mamtamed  at 


'  On  the  Calorific  Effects  of  MapTicto-Klcctriclty  nncl 
the  Mp.clianicul  Value  of  Ileut  PM.  Mag.,  IMo,  \ol. 
July  to  Dec. 


THE 

slightly  different  temperatures.  If  to  this  thermal 
agency  alone  is  to  be  attributed  the  energy  of  tlie 
current,  the  quantities  of  heat  absorbed  at  tlie 
warmer  junction  must  exceed  that  evolved  at  tlie 
cooler  junction,  by  an  amount  equivalent  in  heat 
to  the  work  of  any  kindAvhether  thermal,  chemi- 
cal, or  common  mechanical  (weights  raised), 
which  the  current  performs.   But  if  this  supposi- 
tion were  true,  it  would  result  as  a  consequence, 
that  the  electro-motive  force  in  a  thermo-electric 
pair  would  follow  the  same  law  of  variation  with 
the  difference  of  temperatures  of  the  two  junctions 
for  all  pairs  of  metals, — would  be  in  fact  simply 
proportional  to  their  difference  of  temperatures  on 
the  absolute  thermo-dynamic  scale  for  estimating 
temperature  recently  proposed  by  the  author  in  • 
conjunction  with  Mr.  Joule,*  and  demonstrated 
(by  their  experiments  on  the  thermal  effects  of 
forcing  air  through  porous  plugs)  to  agree  very 
closely  with  the  ordinary  standard  of  the  air 
thermometer.    Now  many  experimenters  have 
found  that  the  electro-motive  force  in  some 
thermo-electric  pairs  increases  more  and  more, 
and  in  others  increases  less  and  less,  with  equal 
additions  to  the  temperature  of  the  hot  junc- 
tion ;  and  the  mere  fact  of  thermo-electric  in- 
version occurring  between  any  two  metals  is 
a  signal  violation  of  any  such  law  as  that 
of  a  simple  proportionality  of  electro -motive 
force  to  difference  of  temperatures,  or  of  any 
law  whatever  of  dependence  on  temperature 
alone,  common  to   all  thermo-electric  pairs. 
Hence  it  was  concluded  that  the  Peltier  effect 
(heatmg  or  coolmg  by  a  current  in  crossing  the 
surface  of  contact  between  two  metals)  cannot  be 
the  sole  origin  of  the  energy  of  a  thermo-electric 
cun-ent.  Mr.  Thomson  was  thus  led  from  thermo- 
electric facts  by  thermo-djmamic  theory,  to  the 
discovery  of  the  electric  convection  of  heat,  which 
he  has  since  amply  confirmed  by  direct  experi- 
ment.   The  first  metals  in  which  he  looked  for 
this  effect  were  iron  and  copper,  the  fact  of  the 
thermo-electric  invei-sion  between  them  discovered 
by  Gumming  having  afforded  ground  for  the 
theoretical  conclusion  that  there  must  be  a  very 
sensible  difference  between  the  convections  m 
those  two  metals.    The  conclusion  was  verified: 
—in  the  least  expected  of  all  the  possible  ways  (of 
which  three  were  indicated).    The  direct  experi- 
ments actuallv  showed  that,  in  an  iron  conductor 
kept  hot  in  its  middle  and  cool  at  its  ends, 
electricity  (the  "vitreous"  being  nominally  "posi- 
tive") flowing  from  hot  to  cold  produces  a  coobng 
effect,  and  m  a  copper  conductor  similariy  cir- 
cumstanced, electricitv  flowing  from  hot  to  cof 
produces  a  heating  effect.    The  phenomenon  in 
iron  is  exactlv  such  as  might  be  expected  u 
resinous  electricity  were  a  Jluid,  and  vitreous 
electrification  a  deficiency  of  the  natural  quantum, 
while  the  phenomenon  in  copper  is  such  as  w'ouiu 
be  expected  if,  with  Franklin,  we  gave  vitreous 
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electricity  the  positive  character  and  considered 
resinous  electricity  as  less  than  nothing !  Direct 
experiments  on  plathium  and  brass  have  given 
f  urther  confirmations  of  the  theory.  An  examina- 
tion of  the  results  of  experiments  on  thermo- 
electric inversions,  represented  graphically  in  the 
liiagram  alluded  to  above,  taken  along  with 
tliose  direct  experiments  on  convection,  have 
led  to  the  conclusions  collected  in  the  following 
table  (see  Appendix,  p.  830),  in  which  the  differ- 
ent metals  are  arranged  in  order  of  the  amounts 
i  f  the  electric  convection  of  heat  which  they  ex- 
perience, or  in  the  order  of  the  values  of  "  the 
specific  heat  of  electricity  in  them." 

(3.)  Mathematical  Theory  (Part  vi.  of  "  Dyna- 
mical Theorj'  of  Heat,"  Trans.  Roy.  Sbc,  Ed., 
and  Phil.  Maff.,  vol.  Jan.  to  June,  1856.) — In 
this  paper  the  mechanical  theory  of  thermo-elec- 
tric currents  in  linear  conductors  of  non-crystal- 
line substance,  first  communicated  December  15, 
1851,  is  extended  to  solids  of  any  form  and  of 
rystalline  substance. — It  is  first  proved,  that  if 
I  solid  be  such  that  bars  cut  from  it  in  different 
lirections  have  different  thermo-electric  powers 
elatively  to  one  another,  or  to  other  linear 
conductors,  forming  part  of  a  circuit,  there  must, 
or  every  bar  cut  from  it,  except  in  certain  par- 
icular  directions  (principal  thermo-electric  axes), 
le  a  new  thermo-electric  quality,  of  a  kind  quite 
listinct  from  any  hitherto  known;  giving  rise  to 
■■  reciprocal  thermo-dynamic  action,  which  con- 
ists  of  a  difference  in  temperature  maintained 
/  sources  of  heat  and  cold,  at  the  sides  of 
bar  causing  a  current  to  flow  longitudinally, 
■M  the  two  ends,  being  at  the  same  iem- 
■ature,  are  connected  hy  a  uniformlg  heated 
■iiductor;  and  a  current  through  the  bar  causing 
a  absorption  and  evolution  of  heat  at  its  two  sides, 
i^n  these  are  kept  at  the  same  temperature. — The 
"st  general  conceivable  thermo-electric  relations 
f  a  crystalline  solid,  or  body  possessing,  iuduc- 
i\  ely  or  structurally,  different  physical  proper- 
its  in  different  directions,  are  next  examined, 
t  is  shown  how  a  metallic  structure  may  be 
dually  made  up  of  pieces  of  different  non-crys- 
illine  metals,  which,  taken  on  a  large  scale, 
ompared  with  the  dimensions  of  the  heteroge- 
cous  elements  of  which  it  is  composed,  wiU  be 
lund  to  exhibit  the  most  general  type  of  ther- 
-  electric  directional  relations  indicated  by  the 
otract  investigation;  and  it  is  inferred  that  it 
ould  be  wrong  to  limit  the  general  expressions 
any  particular  assumption,  even  if  we  only 
')ver  simpler  types  of  thermo-electric  relations 
1  natural  crystals. 

(4.)  Temporary  Thermo-electric  Effects  Conse- 
•if.nt  upon  Rapid  Changoji  of  Temperature. — All 
n  thermo-electric  effects  referred  to  above  arc 

rmanent,  as  long  as  the  differences  of  tempera- 
nc  in  different  localities  of  the  conductors  are 
aintained.  There  is  another  class  of  tliermo- 
'  ctric  effects  in  metals,  of  which  only  a  few 
olatcd  facts  are  yet  known.    Thus,  for  in- 
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stance,  if  two  ends  of  a  copper  wire,  one  first 
heated,  and  the  other  kept  cool,  be  suddenly  put 
in  contact,  a  current  sets  and  flows  for  a  very 
short  time  through  the  circuit  thus  formed  in  the 
direction  from  the  cold  end  across  the  surface  of 
contact  to  the  hot  end.  The  same  phenomenon  is 
observed  with  wires  of  German  silver,  pure  Silver, 
and  Tin.  The  reverse  is  observed  with  wires  of 
Platinum,  Gold,  Cadmium,  Brass,  Silver  alloyed 
with  25  per  cent,  of  copper,  and  Lead ;  and  witli 
liquid  mercury  contained  in  glass  tubes.  —Mag- 
nus, Poggend.,  Ann.,  Aug.,  1851. 

(5.)  Application  to  the  Measurement  of  Tem- 
perature.— By  connecting  the  free  ends  of  a 
thermo-electric  arrangement  with  a  galvano- 
meter, the  deflections  of  the  latter  may  be  used 
to  determine  the  difference  of  the  temperatures  of 
the  junctions.    The  instrument  generally  em- 
ployed is  the  invention  of  Climming,  improved 
by  Nobili  by  the  introduction  of  astatic  needles. 
By  placing  it  in  the  vacuum  of  an  air-pump,  and 
diminishing  the  action  of  the  earth's  magnetism 
by  an  adjacent  steel  magnet,  Mr.  Joule  has  in- 
creased its  sensibility  so  far  as  to  indicate,  by 
means  of  a  single  junction  of  bismuth  and  anti- 
mony, a  change  of  temperature  amounting  to  no 
more  than  one  thousandth  part  of  a  degree  centi- 
grade.   The  thermo-multiplier  was  applied  by 
Melloni  to  prove  the  instantaneous  transmission 
of  heat  through  glass  and  other  bodies,  and  led 
him  to  the  discovery  qf  the  extraordinary  thermal 
transparency  of  rock-salt.  It  also  enabled  Forbes 
to  demonstrate  the  polarization  of  heat,  which 
had  been  unsuccessfully  attempted  with  ordinary 
thermometers.    Besides  the  extreme  sensibility 
of  the  thermo-multiplier,  the  fineness  of  the 
wires  used  for  the  junction  allows  it  to  be  em- 
ployed where  an  ordinary  thermometer  would  be 
unavailable.    Thus  it  has  been  applied,  without 
damage  or  serious  inconvenience,  to  the  measure- 
ment of  the  temperature  of  the  muscles  of  the  liv- 
ing human  body.    Ptecently  also  it  has  been  suc- 
cessfully employed  by  Mr.  Joule  in  confirming 
the  deductions  of  Professor  Thomson's  theory  of 
the  thermal  effects  of  stretching  solid  bodies.  A 
single  junction  placed  in  contact  with  a  rod 
either  of  gutta  percha,  iron,  copper,  or  lead,  indi- 
cated a  cooling  effect  whenever  the  rod  was 
stretched,  and  a  heating  effect  on  the  removal 
of  the  stretchuig  weight,  the  quantitative  effect 
being  strictly  conformable  with  the  theory.  A 
result  even  more  interesting  was  observed  by 
him  in  the  case  of  vulcanized  India  rubber.  This 
material  was  found  to  be  heated  by  stretching 
and  to  be  cooled  when  the  weight  was  removed 
— a  result  which  in  Professor  Thomson's  theory 
could  only  be  accounted  for  by  the  supposition 
that  the  application  of  heat  shortens  vulcanized 
India  rubber  stretched  by  a  weight.  Accordingly, 
on  making  the  experiment,  Mr.  Joule  fouiid 
th  is  was  the  actual  fact,  and  that  if  a  strip  of 
vulcanized  india  rubber  is  stretched  by  a  weight 
which  doubles  its  length,  an  elevation  of  iia 
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temperature  by  50°  cent,  shortens  it  [by  as,mucli 
iis  one-tenth  of  its  whole  length.  ,m  _    ,  ■ 

Thci-mo-Magncrtsiu.    (1.)  Experimental 

Facts  Gilbert  found  that  if  a  piece  of  soft  iron 

between  the  poles  of  a  magnet  be  raised  to  a  bright 
red  heat,  it  loses  all  its  ordinary  indications  of 
magnetism,  and  it  only  retains  (Faraday,  Exp. 
Hes.,  2344—2347),  slight  traces  of  the  para- 
magnetic inductive  character.    Nickel  loses  its 
magnetic  inductive  capacity  very  rapidly  as  its 
temperature  rises  about  635^^  Fahr.,  and  bas 
very  little  left  at  the  temperature  of  boilmg  oiL 
Cobalt  loses  its  inductive  capacity  at  a  far  higher 
temperature  than  that  of  either,  near  the  meltmg 
point  of  copper.    Of  the  three  metals,  iron  re- 
mains nearly  constant,  nickel  falls  gradually, 
and  cobalt  actually  rises  in  inductive  capacity,  as 
tlie  temperature  is  raised  from  0°  to  300°  Fahr. 
(Faraday,  Exp.  Hes.,  Phil.  Trans.,  ^ov. 

1855).  Cobalt,  of  course,  must  have  a  maximum 
inductive  capacity  at  some  temperature  inter- 
mediate between  300°  Fahr.  and  the  tempera- 
ture of  melting  copper.    Crystals,  when  their 
temperatures  are  raised,  have  their  magnetic  in- 
ductive capacities  in  different  directions  of  the 
crystalline  substance  rendered  less  unequal,  and, 
in  general,  to  a  very  marked  degree.  Thus 
Faraday  found  the  difference  of  inductive  capa- 
cities in  diff-erent  du-ections  in  a  crystal  of  bismuth 
(a  diamagnetic  crystal)  reduced  to  less  than  half 
when  the  temperature  was  raised  from  lUU  to 
980°.  In  carbonate  of  iron  (a  paramagnetic  crj-s- 
tal)  the  difference  of  inductive  capacities  in  differ- 
ent directions  was  reduced  to  one-third  when  the 
temperature  was  raised  from  70°  to  289  Fahr., 
and  was  tripled  when  the  temperature  was  again 
brought  down  to  70°  (Exp.  Res.,  3400  and  3411.) 

(2.)  Thermo-Dynamic  Relations.— The  theory 
of  the  mutual  convertibility  of  heat  and  mecha- 
nical work  in  reversible  operations  (Thomson,  Dy- 
namical Theory  qf  Heat,  §§  11,  12,  13,  20,  and 
101)  when  applied  to  these  phenomena,  proves— 
1  That  a  piece  of  soft  iron  at  a  moderate  or  low 
red  heat,  when  drawn  gendy  away  from  a  mag- 
net, eM^eriences  a  cooling  effect;  and  when  a- 
lowed  to  approach  a  magnet  experiences  a  heat- 
ing eff-ect :  that  nickel  at  ordinary  temperatures, 
and  cobalt  at  high  temperatures,  witlun  some  de- 
finite range  below  that  of  malting  copper  ex- 
perience the  same  kind  of  effects  when  subjected 
to  similar  magnetic  operations.    2.  mat  co- 
balt at  ordinar'y  atmospheric  teniperatur^- 
at  all  temperatures  upwards  to  I'^^^^^^PJ™.. 
ture  of  maximum  inductive  capacity,  expe 
ences  a  cooling  effect  when  allowed  to  ap 
profch  a  magnet  slowly  and  a 
when  drawn  away.    3.  That  a  crystal  in  a  m^^^^ 
nctic  field  experiences  a  /f ^^^^^^^^^ 

axis  of  greatest  paramagnetic  or  of  1««  ^  d.amag 
netic  inductive  capacity  is  turned  ^o^f 
position  along  to  a  position  across       Imes  ol 
force,  and  a  heating  effect  when  such  a  motion 
is  reversed. 
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Thermometer.  One  of  the  three  instru- 
ments, on  the  indications  of  which  meteorological 
science  reposes.— There  is  no  difficulty  in  finding 
an  instrument  to  indicate  that  the  medmm  amid 
which  it  is  remains  at  a  certain  fixed  point,  or 
has  ascended  or  descended  to  some  other  fixed 
point,  indicated  by  the  co-presence  of  some  phy- 
sical event;  but  it  is  not  an  easy  achievement  to 


reach  the  power  of  saying  that  certain  changes 
of  state  have  been  accompanied  by  proportional 
changes  as  to  heat.  The  indication  of  change  as 
to  temperature  usually  adopted  as  a  measure,  is 
the  dilation  or  expansion  of  some  fixed  substances 
that  may  be  Air,  or  Alcohol,  or  AJercury.  A 
given  quantity,  let  us  say  of  mercury-,  will  always 
dilate  or  expand  a  certain  proportion,  with  the 
same  addition  of  Heat;  but  it  is  not  true  to 
say  that  the  same  increment  of  Heat  necessarily 
produces  the  same  dUatation,  whatever  be  the 
temperature  of  the  mercury  to  which  that  mcre- 
ment  has  been  applied    Dilatations  of  this  kind 
accurately  measured,  certainly  enable  us  to  as- 
certain that  we  have  reached  the  same  advance, 
or  rather  the  same  step,  in  the  advance  of  tem- 
perature: they  do  not  indicate  anyth^g  farther. 
An  absolute  thermometer  must  start  from  an  ab- 
solute zero;  and  starting  from  the  zero,  the  Mo- 
dem Dynamical  Theory  of  Heat  furnishes  pro- 
positions on  which  a  scale  might  be  constructed 
so  that  it  be  an  absolute  measure.  For  instance, 
with  regard  to  an  Aur  Thermometer,  the  abso- 
lute zero,  or  the  zero  of  gaseous  tension,  is^  ac- 
cording to  Rudberg,  -461°  of  Fahrenheit,  Com- 
mencing to  reckon  at  that  pomt,  we  may  state 
Se  following  propositions.-(l.)  When  air  is 
compJe^ed  or  dilated,  the  absolute  temperature 
varies  as  the  cube  root  of  the  density ;  and  the 
tension,  as  the  fourth  power  of  the  absolute  tem- 
perature, or  the  cube  root  of  the  fourth  power  of 
rSity.-(2.)  The  mechanical  force  exer^d 
by  a  given  quantity  of  air  while  expanding  from 
oL  dfnsity  to  another,  is  proporUonal  to  the  dif- 
ference of  the  cube  roots  of  then:  densities,  or  to 
the  difference  of  then:  absolute  temperatures: 
hence  the  fall  of  temperature  is  proportiona^ 
Jo  the  force  expended. -(3.)  The  m^hanicj^ 
force  exerted  upon  a  given  quantity  of  m  v,h^ 
expanding  from  one  density  to  another,  is  pro- 
portbnal  to  the  difference  of  the  cube  roots  of 
ES  densities,  or  to  the  difference  of  their  aj.^^ 
lute  temperatures:  hence  the  "se  of  temperat^>re 
is  proportional  to  the  force  ^^'^--^iy^i; 
total  mechanical  force  exerted  by  a  vol"«_ne  of  «^ 
of  a  given  tension  while  expanding  indefin  tely, 
is  equal  to  that  tension  through  three  times  the 
volmne.-(5.)  The  total  "mechanical  for  e  cN^^^^^^ 
by  a  volume  of  air  while  expanding  indefinitely, 
is  proportional  to  its  absolute  teniperature.--(l. ; 
A  given  quantity  of  air  while  expanding  under  a 
coifstantjressure'fromoneteniperatj  0 an^^^^^ 

exerts  a  mechanical  force  <^q"'^-"l"^"\  ^'l""  „  S 
the  difference  of  temperature;  ^^nd  the  quant, 
of  heat  required  to  change  the  temperatw*  o. 
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uiuler  a  constant  pressure  is  four-thirds  of  that 
required  to  effect  the  same  change  of  temperature 
under  a  constant  volume. — As  will  be  readily  in- 
ferred, no  thermometers  whose  scales  indicate  the 
oqual  dilatations  of  two  different  substances  are 
exactly  comparable.  Between  the  air  thermo- 
meter and  the  mercurial  thermometer,  (within 
tlie  range  included  by  the  freezing  and  boiling 
points  of  water,  or  0°  and  100°  Centigrade,)  there 
is  a  marked  difference.  This  difference,  accord- 
ing to  Eegnault's  observation,  and  those  of  Du- 
bug  and  Petit,  may  be  expressed  by  the  following 
formula : — 

A— T  D 

where  t,„  is  the  temperature  by  the  mercurial 
thermometer,  the  temperature  by  the  air  ther- 
wometer,  and  a,  b,  c,  d  as  follows. 

A  =  4539°-617 
log  B  =  3-7145723 
logo='  =  6-43303 
log  D  =  0-78587 
.  ^  For  further  elucidation  of  this  important  sub- 
.  ject,  see  a  memoir  by  Mr.  Waterston,  in  the 
Philosophical  Transactions  for  1853.— Passing, 
however,  from  these  purely  theoretical  consider- 
.  ations,  we  shall  lay  down  such  practical  rules 

•  and  illustrations  as  are  needful  for  the  construc- 
'  tion  and  comparison  of  thermometers  as  we  usually 
i  find  them.  These  have  been  embodied  in  an  ex- 

•  cellent  report  by  Mr.  Welsh  of  Kew  Observatory; 
i  and  may  be  divided  into  two  heads. 

I.  General  Edles  and  Practices. — "  The 
1  plan  of  operations  hitherto  adopted  has  been  that 
1  proposed  by  M.  Regnault,  and  consists  essentially 
lof  the  following  steps;— 1st,  Calibration  of  the 
I  tube :  2d,  Graduation  of  the  scale :  and,  3d,  The 
t  determination  of  the  scale  co-efficients. 

"  1.  CalibratioTu — A  tube  having  been  selected 
I  as  being  tolerably  free  from  all  visible  defects,  a 
I  short  column  of  mercurj"-,  generally  less  than  one 
i  inch  in  length,  is  introduced.  The  tube  is  then 
(attached  to  the  frame  of  Perreaux's  dividing 
« engine,  and  by  means  of  flexible  tubing  is  put  in 
(connection  at  both  ends  with  india  rubber  bags, 
tthe  pressure  upon  which  can  be  regulated  by 
I  means  of  screws.  The  mercury  is  then  brought 
tto  the  part  of  the  tube  where  the  graduation  is 
F  proposed  to  commence.  The  cutting  frame  of  the 
eengine  carries  also  a  small  microscope  with  cross 
'Wires  in  its  focus ;  on  turning  the  dividing  screw, 
tthe  microscope  wire  is  brought  to  coincide  with 
tthe  first  end  of  the  mercury,  and  the  screw  is  then 
ttumed  forward  until  the  wire  reaches  the  second 
eend ;  the  length  of  the  column  is  thus  given  in 
rrevolutions  of  the  screw.  By  means  of  the  india 
rrubber  bags,.tlie  mercury  is  made  to  move  along 
tithe  tube  until  the  lirst  end  coincides  again  with 
tithe  microscope  wire;  the  length  of  the  column  is 
lagain  measured,  and  the  mercury  again  moved 
'  forward ;  the  same  process  being  repeated  until 
'he  column  has  been  measured  for  each  length  of 
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itself  through  the  whole  extent  of  the  propnserl 
scale.  Permanent  marks  are  made  on  the  glass 
at  the  points  of  commencement  and  ending  of  the 
calibration.  If  the  progi-ess  of  the  numbers  shows 
any  considerable  irregularity  in  the  tube,  and  as 
a  verification  of  the  first  set  of  measures,  it  is  well 
to  repeat  the  calibration,  commencing  in  this  case 
at  a  point  one-half  the  length  of  the  column  in 
advance  of  the  original  starting  point.  A  series 
of  measures  interpolated  from  the  two  sets  may 
then  be  adopted.  Some  experience  is  necessary 
in  order  to  bring  with  facility  the  end  of  the  mer- 
cury exactly  to  the  wire  of  the  microscope ;  but 
when  care  is  taken  to  use  very  pure  mercury  and 
clean  tubes,  the  operation  can  generally,  after  a 
little  trouble,  be  accomplished  with  much  accu- 
racy. M.  Eegnault  recommends  that  the  mo- 
tion of  the  mercury  should  be  regulated  by 
the  breath,  a  drj'ing  substance  being  interposed 
to  prevent  moisture  entering  the  tube.  This 
method  was  employed  for  some  of  the  first  in- 
struments made  at  Kew,  but  was  abandoned  in 
favour  of  the  elastic  bags. 

"  2.  Graduation — The  measured  lengths  of  the 
column  of  mercury  in  its  successive  steps  along 
the  tube  correspond  to  equal  volumes.  Assuming 
that  the  calibre  of  the  tube  does  not  vary  through- 
out the  small  length  of  the  calibrating  column,  if 
we  divide  the  spaces  occupied  successively  by  the 
mercury  into  an  equal  number  of  parts,  it  is  evi- 
dent that  the  divisions  will  represent  the  same 
capacity,  although  they  may  be  of  very  different 
hngtlis.  Before  making  the  tube  into  a  thermo- 
meter, the  divisions  of  the  scale  may  be  verified 
by  introducing  a  longer  column  of  mercury,  and 
examining  whether  the  column  occupies  an  equal 
number  of  divisions  in  different  parts  of  the  scale. 
If  there  should  be  any  irregularity,  a  table  of 
corrections  may  readily  be  formed.  It  will  gen- 
erally be  found,  however,  that  if  the  operations 
have  been  performed  with  care,  and  the  tube  is 
not  very  faulty,  no  correction  will  be  necessary. 
The  divisions  are  cut  with  a  fine  needle  point 
upon  a  coating  of  engravers'  varnish,  and  after- 
wards etched  with  fluoric  acid.  The  required  di- 
mensions of  the  bulb  may  be  found  approximately 
by  weighing  a  measured  length  of  the  mercurial 
column,  and  from  the  known  expansion  of  mercury 
and  its  specific  gravity  computing  the  capacitv  of 
the  bulb. 

"  3.  Determination  of  the  Scale  Co-efficient. — 
The  thermometer  having  been  filled  with  mer- 
cury, we  have  an  instrument  the  divisions  of 
whose  scale  represent  equal  increments  of  the 
volume  of  the  fluid,  but  arc  entirely  of  an  arbi- 
trary value.  If  now  we  determine  the  points  of 
the  scale  at  which  the  mercury  stands  in  freezing 
and  boiling  water,  we  can  innnediately  convert 
the  arbitrary  scale  readings  into  degrees  of  the 
ordinary  scale  sof  temperature.  If  a  be  tiic  scale 
reading  for  the  freezing  point,  and  h  that  for  the 
boiling  point,  the  temperature  by  Fahrenheit's 
scale  corresponding  to  any  reading 
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The  freezing  point  is  determined  by  placing  the 
thermometer  in  finely  pounded  ice,  from  which 
the  water  is  drained  off  as  it  melts.    The  boiling 
point  is  ascertained  by  the  form  of  apparatus 
employed  by  M.  Kegnault ;  the  temperature  ob- 
served is  that  of  steam,  whose  elasticity  is  the 
same  as  that  of  the  atmosphere.   A  small  siphon 
water  gauge  communicating  with  the  interior  of 
the  vessel  gives  notice  to  the  observer  when  the 
ebullition  is  being  can-ied  on  too  rapidly.  The 
steam  is  generated  from  distilled  water.  The 
height  of  the  barometer  is  observed  at  the  time 
of  the  experiment,  and  the  correction  to  a  uni 
form  height  of  30  inches  (reduced  to  32°)  is 
found  from  Reguault's  table.    In  determining  the 
(ixed  points,  tlie  stems  of  the  thermometers  are 
kept  vertical ;  if  the  subsequent  comparisons  Avith 
otlier  instruments  are  made  in  the  same  position, 
no  error  will  arise  from  the  expansion  of  the  bulb 
caused  by  the  pressure  of  the  column  of  mercury, 
If,  however,  the  thermometers  are  intended  to  be 
used  in  any  other  than  a  vertical  position,  it  be- 
comes necessary  to  determine  the  fixed  points  also 
in  a  horizontal  position. — In  accordance  with  the 
plan  here  sketched,  fifteen  thermometers  have 
been  completed  with  arbitrary  scales.  About 
thirty  more  tubes  have  been  calibrated,  and  the 
bulbs  attached  and  filled,  but  the  scales  not  yet 
divided.    The  principal  object  in  graduatmg  the 
tube  with  an  arbitrary  scale  is  the  convenience 
it  aflbrds  of  testing  the  divisions  before  it  is  con- 
verted into  a  thermometer.    It  is  now  proposed 
to  divide  the  scale  at  once  into  Fahrenheit  de- 
gi'ces  after  the  thermometer  has  been  made,  and 
to  test  the  accuracy'  of  the  divisions  afterwards 
by  detaching  a  portion  of  the  mercurial  column 
and  making  it  move  along  the  tube.   If  the  scale 
should  not  then  be  found  correct,  a  table  of  its 
errors  can  be  formed  and  furnished  with  the  in- 
strument, or  the  thermometer  rejected.  The  scales 
of  these  thirty  thermometers  liave  not  yet  been 
proceeded  with,  as  it  is  desirable,  before  doing  so, 
to  allow  the  freezing  point  to  have  attained  a 
permanent  position.    A  few  divisions  have  been 
cut  on  the  tubes  near  the  freezing  point,  and  the 
reading  with  reference  to  the  short  arbitrary  scale 
taken  from  tim3  to  time  in  melting  ice.  The 
period  elapsed  since  the  construction  of  the  tlier- 
mometers  has  been  too  short  to  afford  as  yet  much 
information  as  to  the  probable  constancy  of  the 
freezing  points.    They  liave,  however,  already 
sliown  generally  a  tendency  to  rise,  in  some  cases 
to  the  extent  of  nearly  0°-3  Fahr.,  but  in  most  of 
tliem  it  does  not  yet  exceed  0°-l  or  0°-2.  Another 
peculiarity  in  connection  with  the  freezing  point 
has  sliown  itself  in  almost  all  the  tliermometers 
yet  tried.  After  a  thermometer  luis  been  exposed 
for  some  weeks  to  the  ordinary  temperature  of 
the  air,  if  its  freezing  point  be  ascertained,  and 
it  be  then  suddenly  exposed  for  a  short  time  to 
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the  temperature  of  boiling  water,  and  again  im- 
mediately placed  in  ice,  it  is  found  tliat  the  latter 
determination  of  the  freezing  point  will  be  lower 
than  the  former  by  a  very  appreciable  amount, 
generally  between  0°-l  and  0°-2  Fahr.  The 
freezing  point  does  not  recover  its  previous  posi- 
tion for  some  time,  probably  two  or  three  weeks. 
This  peculiar  displacement  of  the  freezing  point 
has  been  found  to  take  place  also  in  the  case  of 
a  standard  by  Troughton  and  Simms  belonging 
to  the  Royal  Society.  The  freezing  point  of  this 
instrument,  before  being  raised  to  the  temperature 
of  boiling  water,  was  32-25,  afterwards  it  had 
fallen  to  32-15.  This  displacement  of  the  freezing 
point  has  been  remarked  by  Jlr.  Sheepshanks  in 
the  course  of  his  experiments  on  standard  ther- 
mometers.   From  the  experiments  now  in  pro- 
gress, it  is  to  be  hoped  that,  after  a  time,  some 
approximation  may  be  made  to  the  laws  of 
these  perplexing  phenomena. —  The  apparatus 
employed  for  comparing  the  indications  of  dif- 
ferent thermometers,  consists  of  a  cylindrical  glass 
vase  fifteen  inches  deep  and  8  ^  inches  in  diameter, 
— a  stand  for  supporting  the  thermometers  under 
comparison,  and  a  means  of  agitating  the  water 
in  such  a  way  as  completely  to  assimilate  the 
temperature  throughout  the  vessel.    The  stand 
for  the  thermometer  is  a  vertical  rod,  supported 
by  a  small  tripod  resting  on  the  bottom  of  tlie 
vase.    The  thermometers  are  suspended  from 
hooks  sliding  on  this  rod,  and  adjustable  to  any 
height;  they  are  arranged,  with  their  bulbs  at 
the  same  height  in  a  circle  three  inches  diameter 
round  the  rod,  and  kept  fixed  with  sufficient 
firmness  below  by  being  strapped  with  elastic 
bands  against  a  projecting  six-raj-ed  frame  at- 
tached to  the  supporting  rod.    Six  thermometers 
of  almost  any  form  and  length  can  thus  be  com- 
pared at  once.    The  agitator  is  a  flat  ring  of 
tinned  iron,  about  two  inches  broad,  fitting  easily 
witliin  the  vase,  and  connected  by  four  liglit 
rods  witli  a  similar  ring  at  top,  which  serves  as  .i 
handle.    A  packing  of  India  rubber  is  placed  on 
the  outer  rim  of  the  plunger  to  prevent  jarring 
against  the  glass.    Tlie  flat  tin  ring  is  cut  half 
across  at  several  places,  and  the  corners  bent  in 
various  ways,  so  that  when  moved  upwards  and 
downwards  the  water  is  driven  in  all  directions. 
The  dimensions  of  the  agitator  are  so  arranged, 
tliat  no  part  of  it  can  possibly  touch  the  ther- 
mometei-s  when  in  operation.  The  vase,  contain- 
ing water,  the  stand  with  thermometers,  and  the 
agitator,  is  mounted  upon  a  woAlen  revolving 
stand.  The  dcptli  of  water  in  the  vase  is  alwiiys 
sutlicient  to  include  the  whole  of  the  column  of 
mercury,  the  scales  being  obser\-ed  througli  the 
water.    In  talcing  the  observations,  the  observer, 
after  agitating  the  water  briskly  for. some  time, 
turns  the  revohang  stand  till  each  thermometer  is 
brought  successively  opposite  to  his  eye,  reading 
oir  the  scales  as  quickly'  as  possible  to  an  assist- 
ant, who  writes  down  the  numbers.  Proccal- 
ing  in  this  way,  it  is  found  that  sLx  thermometers 
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cnn  be  read  off  and  recorded  easily  in  twenty 
seconds.  It  is  of  course  desirable  to  make  more 
than  one  set  of  readings  for  each  temperature; 
and  iu  order  to  avoid  as  much  as  possible  the 
changes  which  may  occur  during  the  reading  off, 
it  is  well  to  reverse  the  order  of  observing  the 
instmments,  that  is,  to  read  them  alternately  in 
the  order  one  to  six,  and  six  to  one. — The  follow- 
ing table  contains  the  results  of  comparisons  of 
.«ix  thermometers,  and  will  show  the  accuracy 


which  may  be  obtained  by  the  method  of  com- 
parison just  described;  it  will  also  exhibit  the 
accordance  in  the  indications  of  instruments 
graduated  according  to  Kegnault's  process.  Each 
result  is  the  mean  of  six  comparisons.  No  op- 
tical assistance  was  used  in  reading  off  the  scales. 
The  freezing  points  of  all  the  instruments  were 
determined  on  the  same  day,  after  the  compari- 
sons were  made. 


Table  I. 

Hesults  of  Comparisons  of  various  Thermometers,  March  19,  1852. 


Standard  Tlieniiometers. 


Kew  Xo.  4. 


Ob- 
served 
tempe- 
rature. 


Diff. 

from 
mean  of 
stand 

ards. 


38'69 
45-05 
49-96 
55-33 
60-07 
65-39 
69-93 
74-69 
80-08 
85-30 
90-50 
95-29 
101-78 
109-21 


-0-02 
+  0-01 

0.00 
—0-02 
+  0-01 
—0-01 

0-00 

0-CO 
+  0-02 
— 0  01 

0-00 
+  0-04 
+  0-01 
+  0-05 


Kew  No.  14. 


Ob- 
served 
tempe- 
rature. 


38-73 
45  03 
49-97 
55-35 
60-06 
65-39 
69-92 
74-68 
80-03 
85  30 
90-49 
95-23 
101-76 
109-11 


Difr. 
from 
mean  of 
stand- 
ards. 


+  0-02 
—0  01 

+  0-01 
0-00 
0-00 

-0-01 
—0-01 
-0-01 
—003 
—0-01 
—0-01 
—0-02 
—0-01 
—0-05 


Fastrg  231 
(Eeguault). 


Ob- 
served 
tempe- 
rature. 


Diif. 
from 
mean  of 
stand- 
ards. 


38-72 
45-03 
49-96 
55-37 
60-05 
65-41 
69-95 
74-69 
80-06 
85-33 
90-51 
95  24 
101-77 
109-15 


Tempe- 
rature 
from 

mean  of 
stand- 
ards. 


+  0.01 
—0-01 
0-00 
+  0-02 
-0-01 
+  0-01 
+  0-02 
0-00 
0-00 
+  0-02 
+  0-01 
—0-01 
0-00 
—0-0 1 


32  00 
38  71 
45-04 
49  96 
55-35 
60-06 
05-40 
69-93 
74-09 
80-06 
85-31 
90  50 
95-25 
101-77 
109-16 

21200 


Barrow,  E.EC. 
S7,  No.  4. 


Newman 
(Makerstoun). 


Ob- 
served 
tempe- 
rature. 


32-05 
38-91 
45-30 
50-34 
55  87 
60  65 
65-99 
70-57 
75-39 
80-78 
86-10 
91-36 
96  15 
102-71 
110-08 


from  Ob-  , 
mean  of  s^^'^'etl 


stand- 
ards. 


+  005 
+  0-20 
+  0-26 
+  0-38 
+  0-62 
+  0-59 
+  0-69 
+  0-64 
+0-70 
+  0-72 
+  0-79 
+  0-86 
+  0-90 
+  0-94 
+  0-92 


tempe- 
rature. 


32  05 
38-86 
45-18 
50-23 

65-  75 
60-58 

66-  03 
70-67 
75-54 
81-00 
86-25 
91-47 
96.32 

103-04 
110-62 


Diff. 

from 
mean  of 
stimd- 

ai'ds. 


+  0-05 
+  0-15 
+  0.14 
+  0-27 
+  0-40 
+  0-52 
+  0-63 
+  0-74 
+  0-85 
+  0-94 
+  0-94 
+  0-97 
+  107 
+  1-27 
+  1-46 


Trouffbtnn  and 
Siuinis  (Uoyal 
Society). 


Ob- 
served 
tempe- 
rature. 


32-25 
38-96 
45-30 
50  23 
65-62 
60 -.S4 
65-65 
70-22 
75-02 
80-44 
85-75 
90-87 
95-72 
102-26 
109-58 

212-47 


Diff. 

from 
mean  of 
stand- 
ards. 


+  0-25 
+  0-25 
+  0-26 
+  0-27 
+  0-27 
+  0  28 
+  0-25 
+  0-29 
+  0-33 
+  0-38 
+  0-44 
+  0-37 
+  0-47 
+  0-49 
+  0-42 

+  0-47 


The  thermometers  '  Kew  No.  4'  and '  Kew  No.  14,' 
were  graduated  on  the  stems  by  Mr.  Welsh,  with 
arbitrary  scales :  the  bidb  of  No.  4  is  spherical, 
ind  is  about  f  inch  diameter;  that  of  No.  14  is 
:ylindrical,  f  inch  long  and  \  inch  diameter,  and 
very  sensitive.  'Fastre'  No.  231  (liegnault)'  is 
I  standard  by  Fastre  of  Paris,  also  graduated  on 
the  stem  with  an  arbitrary  scale  according  to 
Kegnault's  process.  This  instrument  was  ex- 
l|«amined  and  approved  by  M.  Regnault;  the  de- 
•  :ermination  by  him  of  the  scale  co-efficient  agreed 
-losely  with  that  afterwards  made  at  Kew.  The 


ulb  is  cylindrical,  about  1\  inch  long  and  |  inch 
liameter.    '  Uarrow,  E.I.C.,  S  7,  No.  4,'  is  one 

I of  a  number  of  thermometers  made  for  the  East 
IKndia  Company,  and  sent  to  Kew  for  examination. 
Itits  scale  is  of  bra.ss,  divided  to  degrees.    '  New- 
Nnan  (Makerstoun)'  is  the  instrument  which  was 
upplicd  to  the  Jlakerstoun  Observatory  as  a 
tandard,  and  to  whose  indications  the  residts  of 
H^lihe  temperature  observations  made  there  since 


1841  have  been  'corrected.'  It  was  sent  ta 
Kew  by  Sir  Thomas  Brisbane  for  comparison 
with  our  standards.  'Troughton  and  Simms 
(Royal  Society)'  is  a  standard  belonging  to 
the  Royal  Society.  As  its  scale  extends  to 
above  212,  its  boiling  point  was  examined  in  the 
same  apparatus  employed  for  the  Kew  standards, 
its  brass  scale  remaining  attached  to  the  tubo. 
It  was  found  to  read  212''-7  when  the  baro- 
meter, reduced  to  32°,  stood  at  30-130  inches. — 
The  errors  of  a  thermometer  which  lias  been  al- 
ready carefully  examined  between  32°  and  about 
100",  may  bo  obtained  with  considerable  accu- 
racy for  temperatures  below  32",  without  using  a 
freezing  mixture,  by  the  following  process.  De- 
tach from  the  column  of  mercury  a  portion  which 
will  occupy  about  40  or  50  degrees  of  the  scale; 
biing  this  colunm  within  tlio  known  part  of  the 
scale.  Let  a,  b  bo  tiio  readings  at  tlie  upper  and 
lower  ends  respectively;  «,  /J  the  index  errors  at 
these  points  as  determined  by  comparison  with  a 
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standard.  Move  the  column  until  its  lower  end 
coincides  with  some  degree  below  32°,  the  upper 
end  being  within  tlie  compared  portion  of  the 
scale.  Let  c,  d  be  the  scale  readings  for  the  upper 
and  lower  ends  in  the  new  position,  y  being  the 
scale  error  corresponding  to  c.  The  error  of  the 
scale  at  d  will  then  be 


d- 


[c  — y_(a  — a-*  — ^)}- 
The  true  length  of  the  detached  column  maj^  be 
obtained  with  increased  accuracy  by  taking  a 
mean  of  several  measures  within  the  known  part 
of  the  scale.  This  method  was  adopted  for 
'Newman  (Makerstoun) '  and  'Troughton  and 
Simms  (Royal  Society),'  and  the  following  errors 
obtained : — 

Newman  (Makerstoun). 
Temperature.  Error. 


Trnngliton  and  Simms  (R.S.^ 
Temperature.  Error. 


0-7 
6-2 
10-7 
14-6 
20-2 
25-8 


—0-05 
—0-08 
—0-12 
—0-10 
—0-04 
0-00 


5-1 
10-0 
15-0 
200 
24-8 


+  0-14 
+  0-17 
+  0-16 
+  0-16 
+  0-16 


The  error  of  Newman  had  been  previously  found, 
b}'  comparing  with  a  standard  in  a  freezuig  mix- 
ture at  — 3°,  to  be  inappreciable." 

II.  Example  of  the  Mode  of  Testing 
Tii  ERMOMETEES. — The  example  about  to  be  given 
is  the  history  of  the  testing  of  thermometers  at 
Kew,  for  the  Arctic  Expedition  under  Sir  Edward 
Belcher. — "These  instruments  were  twelve  in 
number,  seven  mercurial  and  five  spirit  thermo- 
meters, graduated  for  low  temperatures.  The 
processes  adopted  for  the  two  kinds  of  instruments 
being  different,  I  shall  describe  them  separately. 

"  1.  Mercurial  Tfiermometers. — These  were 
dinded  into  degrees  of  Fahrenheit's  scale  in  the 
following  manner : — The  tube  was  first  calibrated 
in  the  Avay  already  described  in  Mr.  Welsh's 
former  report  on  the  construction  of  thermome- 
ters ;  marks  being  made  on  the  tube  at  each  ex- 
tremity of  the  calibrated  space.  The  bulb  was 
then  made  and  the  mercury  introduced  hy  the 
glass-blower,  the  dimensions  of  the  bulb  and  the 
quantity  of  fluid  being  made  as  nearly  as  possible 
to  correspond  with  the  scale  proposed  to  be  made. 
The  thermometer  was  then  placed  in  melting  ice 
and  the  freezing  point  approximately  set  ofT  with 
an  ink  marlt ;  a  similar  mark  being  also  made 
foi  a  temperature  of  between  95°  and  100°.  A 
short  arbitrary  scale  of  four  or  five  divisions  was 
then  divided  at  each  of  those  points.  The  ther- 
mometer was  then  again  placed  in  ice  and  the 
freezing  point  determined  accurately  with  refer- 
ence to  the  lower  short  scale ;  and  comparisons 
with  two  standard  thermometers  in  w-ater  deter- 
mined the  value  of  the  upper  short  scale.  Let 
o  p  be  the  calibrated  portion  of  tiie  tube,  o  being 
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the  point  of  commencement,  f  the  freezing  point 
as  determined  by  means  of  the  short  arbitrarv 
scale,  and  h  the  higher  point  of  the  scale 
similarly  obtained.  Let  the  distances  o  f,  f  h, 
H  p  be  measured  by  the  screw  of  the  dividing 
engine.  Let  Uj,  R2,  E3,  &c.,  k/,  &c.,  R/,,  &c.,  be 
the  lengths,  in  revolutions  of  the  dividing  screw, 
of  the  calibrating  column  of  mercury  for  each 
successive  step  in  its  progress  along  the  tube 
during  the  process  of  calibration ;  r/  being  the 
length  of  the  step  in  which  the  point  f  occurs, 
and  R/i  that  in  which  h  occurs.  The  values  of 
Ri,  have  been  registered  in  the  process 

of  calibration ;  o  F  and  o  H  have  been  obtained 
independently ;  the  second  measurement  of  o  p, 
when  compared  with  the  sum  of  all  the  r's,  will 
show  with  what  exactness  the  column  of  mercun- 
has  been  passed  through  its  oivn  length  in  its 
progress  along  the  tube.  Let  rf  be  the  number 
of  revolutions  between  the  first  end  of  the  step  / 
and  the  point  f,  and  similarly  for  the  step  h. 
We  have  then 

O  F=:Ri+R2+R3  +  &C.+E/_l+r/ 

and  o  H  =  Ei+R2+  ....  +Eft_i-|-rA; 
whence  we  obtain  r  and  m.  Let  k  be  the  num- 
ber of  degrees  equivalent  to  one  length  of  the 
calibrating  column, — this  being  of  course  con- 
stant for  each  length  along  the  tube  on  the  sup- 
position of  equal  increments  of  volume  for  equal 
increments  of  temperature.  Also,  if  we  suppose 
that  the  capacity  of  the  tube  does  not  vary 
throughout  the  length  of  a  single  calibrating 

step,  —  and  ~  will  give  the  fractional  parts  of  a 

step  by  which  the  points  f  and  h  are  respectively 
in  advance  of  the  first  ends  of  the  steps/  and  L 
We  have  then 


''=(^-'+:7h°''=('-'+s)«i 


and  F 

the  higher  temperature  — 32° ; 
whence  k  = 


J     R^  »' 


Tlie  length  of  one  degree 


A  »/ 

The  degree  corresponding  to  the  point  o  is  32" 

for  anv  iudiNndual  step  a;  is — 
'  K 

From  the  quantities  thus  obtained,  a  table  may 
readilj'  be  formed  showing  the  value  in  revolu- 
tions of  the  dividing  screw  of  one  degree  at  all 
parts  of  the  scale,  and  the  graduation  may  then 
be  proceeded  with  accordinglv.  The  graduation 
is  carried  from  —40°  to  -f  120°  or  130°  Fahr. 

"  2.  Spirit  Thermovieiers. — In  the  gi-aduatioB 
of  mercurial  thermometers,  the  practice  is  to  coa- 
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•sidev  the  increments  of  volume  to  be  proportional 
to  increments  of  temperature.  If  this  were  as- 
sumed in  the  case  of  spirit  thermometers,  very 
serious  errors  would  be  the  result,  even  within 
moderate  ranges  of  temperature.  Dr.  Miller 
having  considered  alcohol,  as  on  the  whole,  the 
best  fluid  for  thermometers  intended  to  measure 
*  ery  low  temperatures,  Mr.  Welsh  was  supplied 
him  with  some  which  he  had  prepared  with 
^reat  care,  its  specific  gravity  being  0-796  at  60° 
Fahr.  ^  The  first  step  to  be  taken  was  the  deter- 
nination  of  the  law  of  expansion  of  the  fluid  in 
jlass,  as  compared  with  that  of  mercury.  For 
his  purpose  a  tube  was  calibrated  and  divided 
A-ith  an  arbitrary  scale  according  to  Regnault's 
irocess :  its  divisions  were  found,  upon  verifica- 
ion,  to  be  of  exactly  equal  capacity  throughout. 
The  tube  was  then  furnished  with  a  bulb  of  the 
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same  dimensions  as  those  intended  to  be  supplied 
to  the  Admiralty,  and  filled  with  the  alcohol. 
This  thermometer  was  marked  S.  9  E.  Com- 
parisons were  then  made  between  the  readings  of 
this  instrument  and  those  of  a  standard  mercurial 
thermometer,  through  as  large  a  range  of  tem- 
perature as  was  found  practicable.  The  com- 
parisons above  the  freezing  point  were  taken  in 
water,  in  the  apparatus  described  in  my  former 
report ;  those  below  32°  were  taken  in  freezing 
mixtures  of  ice  and  salt  or  chloride  of  calcium. 
The  following  table  contains  the  results  of  two 
series  of  experiments ;  the  numbers  in  the  first 
two  columns  are  differences  from  the  freezing 
point ;  those  in  the  first  being  Fahrenheit's  de- 
grees ;  and  in  the  second  and  third  columns,  the 
arbitrary  scale  divisions  of  the  spirit  thermometer 
S.  9  E. 


Table  II. 

Table,  containing  results  of  comparisons  bettoeen  a  Standard  Mercurial  Thermometer,  and  a 
Spirit  Thermometer  with  an  arbitrary  scale  of  uniform  capacity. 


First  Series. 


Standard 
mercurial 
tliermoineter. 


+  69-95 
+  66-93 
+  53-15 
+  40-53 
+  20-83 
+  17-80 
—18-44 
—36-15 
—43-14 


Spirit 
thermometer 
S.  9£. 


Scale  div. 
+  209-5 
+  199  7 
+  156-7 
+  118-2 
+  60-1 
+  51-0 

—  50-5 

—  98-0 
—117-9 


S.  9  E.  Ob- 
served minus 
calculated. 


Second  Series. 


Scale  dir. 
+  0-2 
-0-1 
-0-3 
—0-3 
+  0-2 
—0-1 
+  0-9 
+  1-2 
—0-2 


Standard 
mercurial 
thermometer. 


+  65-76 
+  60-04 
+  52-04 
+  37-72 
+  24-05 
+  16-01 
—16-38 
—29-00 
—36-33 
—44-72 


Spirit 
thermometer 
S.  9E. 


S.  9  E.  Ob- 
served minus 
calculated. 


Scale  div. 
+  196-4 
+  178-3 
+  153-5 
+  110-3 
+  69-8 
+  46-7 

—  44-8 

—  79-7 
—100-2 
—123-0 


Scale  div. 
+  0-2 
0-0 
—0-1 
+  0-2 
+  0-4 
+  0-8 
+  0-9 
+  0-4 
—0-5 
—1-1 


0  deduce  the  law  of  expansion  from  these  com- 
arisons,  the  numbers  were  arranged  in  equations 
f  the  form 


AT-j-BT^  —  N  =  0,. 


Iicre  T  is  the  number  of  Fahrenheit's  degrees 
om  32°,  N  the  corresponding  number  of  divi- 
'<n3  by  thermometer  S.  9  E,,  a  and  b  being 
m  constants  whose  value  is  to  be  ascertained: 
■  constants  depending  on  higher  powers  of  t 
lan  the  second,  were  not  considered. — The  values 
'  and  B  were  obtained  from  the  equations  by  the 
ethod  of  least  squares,  and  were  as  follows :  


ora  first  series  a= 

om  second  series   a- 

le  mean  of  both  series  giving  a= 


=2  820.3.. B=0  0024.55 
=S!-8377..B=0'0022-il 
=2-829  ...B=0-00i33S 


he  numbers  in  the  columns  '  Observed  minus 
ilculated,'  are  obtained  by  taking  the  difference 
;tween  the  observed  readings  of  the  spirit  ther- 
ometer,  and  the  numbers  calculated  from  the 
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mean  values  of  A  and  b  just  stated. — Having 
determined  upon  the  adoption  of  the  law  of  ex- 
pansion stated  above,  the  graduation  of  the  spirit 
thermometer  was  proceeded  with  as  follows. — 
The  process  of  calibrating  the  tubes  was  the  same 
as  for  the  mercurial  thermometers ;  as  in  these, 
also,  the  freezing  point  and  a  temperature  of  90° 
or  95°  were  determined  with  reference  to  short 
scales  on  the  stems ;  the  distances  o  r,  o  n,  (fig., 
p.  735)  were  also  measured ;  and  by  comparing 
these  measurements  with  the  numbers  obtained 
by  calibration,  they  were  expressed  in  terms  of 
lengths  of  the  calibrating  column.  The  equation 
(1.)  may  be  put  under  the  form  n=a  (t  +  ^t'"^) 

by  making  6=       Let/and  h  bo  the  distances 

o  F,  o  II  expressed  in  steps  of  the  calibralin  -- 
column  ;  f  h  =  h  —f.    Let     be  the  number  of 
degrees  above  32°  corresponding  to  h,  and  let  a 
be  the  value,  in  terms  of  a  calibrating  step  <^ 
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one  de,!;ree  at  the  temperature  32° :  we  have  then, 
according  to  the  I'undamental  equation  (1.), 

h-f 

h  —f=  ao  (Ta  +  ^  T/.-)  or  «  ,  =  ,^,2 

"VVe  may  in  general,  without  sensible  error, 
assume  that  the  value  of  one  degree  is  uniform 
throughout  the  length  of  a  single  calibrating  step, 
or  if  the  column  of  mercury  has  been  rather  too 
long,  we  may  subdivide  the  steps  by  interpola- 
tion. From  "the  value  of  now  obtained,  we 
can  find  with  sufficient  exactness  the  tempera- 
ture con-esponding  to  the  middle  of  the  step/ 
It  will  now  be  convenient  to  make  use  of  a  table, 
derived  from  the  values  of  A  and  b,  showing  the 
relative  lengths  of  one  degree  at  different  tem- 
peratures on  the  supposition  of  uniform  capacity 
of  the  tubes.  The  following  are  the  values  for 
every  ten  degrees,  from  —70°  to  -(- 100  Fahr.  :— 

Temp  Fabr. 

—  60  , 
—50 
—40 

—  30 
—20 
—10 

0 

-j-10 

The  value  in  degrees  of  the  step  /  =  —  = 
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different  portions  of  tlie  scale,  it  was  found  to 
occupy  precisely  the  same  number  of  divisions. 
This  was  the  case  with  four  of  the  instruments; 
the  other  three  not  having  been  tested  in  this 
■^vay. — The  five  spirit  thermometers  were  com- 
pared at  four  difi"erent  temperatures  with  a  stand- 
ard mercurial  thermometer.  The  comparison  at 
0"  being  taken  in  ice  and  salt,  is  not  very  trust- 
worthv.    Their  errors  were  as  follows : — 


Temp  by 
iner-  stand. 

65" 
62 
32 
0 


S.2.      S.4.      S.  0.  S.7. 

+0-8° —0-3° —0-2  o  -t-1-3' 

-1-0-8  -0-2  -0-3  -fVi 

-fO-8  —0-1  —(1-3  +1-4 
-I-0-6     O'O  0-0 


Mean  of 
S.  8.  errors. 

'— 0-1° +0-30= 
0-0  +0-U 
--0-3  +0  30 


Temp.  Falir. 

'/■ 

0-831 

-j-20° 

0-980 

0-848 

30 

0-997 

0-864 

40 

1-013 

0-881 

50 

1030 

0-897 

60 

1-046 

0-914 

70 

1-063 

0-930 

80 

1-079 

0  947 

90 

1-096 

0-964 

100 

1-112 

Then  calling  the  numbers  in  the  table  y  since 

fit  =  Xo,  we  find  K/,  =  -  •  ^  =  ^°.  This 

gives  us  the  teraperatiu-e  coiTesponding  to  each 
end  of  the  step  f,  and  we  may  then  proceed  in 
like  manner  to  find  the  values  of  the  neighbour- 
ing steps,  and  so  obtain  successively  the  value 
throughout  the  whole  range  of  the  therniometer. 
The  temperature  corresponding  to  the  point  o  in 
the  figure  is  found  by  subtracting  the  sum  of 
-ill  the  values  of  k  between  o  and  f  from  32°. 
The  length,  in  turns  of  the  dividing  screw,  for 
any  degree  x  is^'  where  R  is  the  length  of 

the  step  in  which  ^  occurs,  and  the  equiva- 
lent number  of  the  degrees.  A  table  can  then 
be  constructed,  showing  the  lengths  of  each  suc- 
cessive degree,  commencing  from  the  ponit  o,  by 
the  aid  of  which  the  graduation  nrny  be  per- 
formed. The  scales  extend  to  -75°  Fahr.-rhe 
mercurial  thermometers  were,  after  their  gracUia- 
►ion,  compared  incidentally  at  two  or  three  diff-er- 
cnt  temperatures,  and  found  to  agree  generally  to 
0°-l  Fahr  They  were  all  placed  m  melting  ice, 
where  it  was  found  that  four  of  them  read 
exactly  32°,  the  other  thrce,-viz.,  Nos.  34  46 
47,  were  about  0°-l  too  low.  In  a  few  of  these 
thermometers  the  column  of  mercury  could  be 
rciidily  broken:  when  this  column  was  moved  to 


+17  +0-2  -fOoO 

The  numbers  in  this  column  '  Mean  of  errors' 
seem  to  indicate  little  error  of  a  systematic  nature. 
In  the  case  of  Nos.  2  and  7,  the  index  error  is 
verv  large :  this,  it  is  believed,  is  owing  to  some 
of  the  vapour  of  alcohol  having  become  con- 
densed in  the  upper  portion  of  the  tube  before 
the  fixed  points  were  determined,  and  havmg 
escaped  my  notice;  in  fact  the  greatest  atten- 
tion is  required  to  avoid  errors  from  this  source. 
These  spirit  thermometers  cannot  by  any  means 
be  considered  as  standard,  although  they  are 
doubtless  more  trustworthy  than  most  of  those 
usually  made." 

Attention  to  the  previous  admirable  set  of 
directions  may  guide  alike  maker  and  observer 
in  the  solution  of  any  practical  question  that  can 
occur  in  the  construction  and  use  of  his  instru- 
ment. It  is  impossible  to  overrate  the  advan- 
tages accruing  to  meteorological  science  from  the 
estabhshment  at  Kew,  and  from  the  assiduity, 
care,  and  skill  of  Mr.  Welsh  and  Mr.  Eonalds. 

III.  Thennetograph,  or  Registering  Thermome- 
ter.— Thermetogi-aphs  have  until  lately  been 
confined  to  the  attempt  to  reach  the  maximum 
and  minimum  of  diuraal  temperature.  Those  best 
known  in  this  countrj'  are  Sixe's,  Rutherford's, 
and,  recently,  those  by  Negretti  and  Zarabra. 
They  are  described  by  IMr.  Drew  as  follows  :— 
(1.)  Sixes  Register  Thermometer.— Mr.  Sixe, 
of  Colchester,  described  his  register  thermometer 
originally  in  the  Philosophical  TraJisaclions,  vol. 
Isxii.    It  is,  in  fact,  a  spirit  of  wine  thermo- 
meter, with  a  long  cylindrical  bulb,  and  a  tube 
bent  in  the  form  of  a  siphon  with  parallel  legs, 
and  terminating  upwards  in  a  small  cavity.  A 
portion  of  the  two  legs  of  the  siphon  tube,  from  a 
to  6  (fig.  1),  is  filled  with  mercury,  the  bulb  and 
the  whole  of  the  rest  of  the  tube  with  spirits  of 
wine;  the  double  column  of  mercury  gives  mo- 
tion to  the  two  indices  c  and  d,  each  of  which  is 
a  piece  of  iron  wire  capped  with  enamel  at  each 
end ;  they  would  move  freely  in  the  tube  and 
rest  on  the  mercurv,  were  it  not  for  springs, 
made  of  a  thread  of  glass,  or  a  hair,  which, 
surrounding  tliem,  presses  against  the  side  ot 
tlie  glass  with  suflicicnt  power  to  keep  either 
index  stationarv  in  the  spot  where  it  is  left  by 
the  retreat  of  the  mercury.    The  action  of  the 
instrument  is  as  follows :— When  the  increase  ol 
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temperature  expands  the  spirit  in  the  lengthened 
bulb  G,  the  mercury  in  the  leg  of  the  siphon,  a, 
is  depressed,  and  a  corre- 
sponding rise  takes  place 
in  the  leg  b;  in  its  rise 
the  mercury  urges  before 
it  the  index  d,  which,  be- 
ing retained  at  its  higli- 
est  point  by  the  spring, 
does  not  follow  the  re- 
treat of  the  mercury,  as 
the  temperature  decreases 
and  the  spirit  in  g  con- 
tracts; this  shows  then 
the    maximum  heat  in 
any  detennined  period  of 
time.     When  the  spirit 
contracts,  the  mercury  de- 
scends in  the  tube  b  and 
proportionally  rises  in  a, 
urging  before  it  the  index 
c;  leaving  on  the  increase 
of  heat,  its  lower  extrem- 
ity exactly  at  the  highest 
point  to  which  the  column 
(the    degrees  decreasing 
upward)  had  risen  on  that 
side  ;  pointing  out,  in  fact, 
the  minimum  degree  of 
temperature    attained.  — 
To  prepare  the  instrument 
for  future  obsei-vations,  the 
indices  are  brought  down, 
by  a  magnet,  to  touch  the 
mercurial  column.    If  this 
instrument  be  read  every 
twenty-four  hours,  it  will 
evidently  give  the  great- 
est and  least  temperature 


Fig.  1. 


dduring  the  day.  —  Unlbrtunately  this  elegant 


instrument  can  hardly  be  trusted  for  very  nice 
observations,  and  is  very  liable  to  get  out  of 
order.     The  use  of  two  liquids,  both  expand- 
ing in  different  degrees,  is  a  defect;  and  al- 
though it  may,  in  part,  be  remedied  by  very 
nice  dividing,  and  comparing  the  scale  witli 
a  standard  for  every  5°  or  6°,  yet  this  pro- 
cess would  increase  considerably  the  price.  The 
other  defect  arises  from  the  liability  of  the 
springs  to  get  out  of  order — a  glass  one  by 
breakage,  and  the  hair  by  losing  its  elasticity 
after  long  immei-sion  in  the  spirit;  while,  from 
the  perpendicular  position  of  the  tube,  agitation 
fi'om  the  wind  is  very  likely  to  cause  the  indices 
to  slide  down  the  tube,  and  thus  the  observations 
would  be  lost.    For  these  reasons  Entherford's 
maximum  and  minimum  thermometers  are  pre- 
ferred for  registering  the  greatest  and  least  de- 
grees of  heat ;  these  we  shall  proceed  to  describe. 

(2.)  Rutherford's  Register  Thermometer  (fit,-.  2). 
— A  represents  a  spirit  thermometer,  n  a  mercurial, 
each  fm-nished  with  a  scale  and  fixed  horizon- 
tally on  the  same  plate  of  boxwood  or  metal ;  b 
contains  within  it  a  steel  index,  c,  which  is  urged 
forward  as  the  mercury  expands  by  heat,  and  is 
left  to  indicate  the  highest  temperature  attained 
when  the  metal  again  contracts. — The  spirit 
thermometer,  a,  contains  a  glass  index,  n,  half 
an  inch  long,  with  a  small  knob  at  each  end  ;  it 
lies  in  the  tube  and  allows  the  spirit  freely  to 
pass  it  as  it  expands  ;  when  contracted  by  cold, 
in  consequence  of  the  attraction  between  the 
spirit  and  the  glass  index,  the  last  film  of  the 
column  of  spirit  is  sufficient  to  overcome  tlie 
slight  friction  of  the  index  on  the  inside  of  the 
tube,  and  to  carry  it  backwards  towards  the 
bulb ;  it  will  rest,  on  the  spirit  again  expanding, 
at  the  lowest  degree  of  temperature  attained 
within  a  given  period.  After  reading  oif  and  to 
prepare  the  iostrumeats  for  future  observations 


Fig.  2. 


twoth  indices  are  brought  to  the  extremities— the 
me  of  the  column  of  spirit,  the  otiier  of  that  of 
nercury,  by  gently  inclining  the  plate  (at  c)  on 
•Thich  the  thermometers  are  fixed,  downward 
rvom  the  horizontal  position.  This  must  be  done 
'  vith  some  care,  or  the  indices  will  get  entangled 
<vitli  the  liquids,  from  which  tiiey  will  be  witli 
ifficulty  extricated.  Mr.  Drew  states  that  for 
liree  years  he  has  used  a  register  thermometer  of 
Ills  construction  without  any  mishap,  though  he 
■'mined  many  before  he  discovered  the  careful 
treatment  they  required. 
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(3.)  Negretti  and  Zmnhrri's  Maximum  Thermo- 
meter.— The  maximum  thermometer  of  Mossr.-i. 
Negi-etti  and  Zambra  is  strongly  recommended  : 
fig.  3  will  explain  its  construction.  The  tube 
is  originally  straight  throughout;  in  this  state 
a  8mall_ piece  of  enamel,  o,  is  introduced  down 
it  to  within  a  short  distance  from  the  bulb;  by 
means  of  a  spirit-lamp,  the  tube  is  then  beat 
just  at  the  point  where  tlie  enamel  rests,  and  the 
heat  required  for  this  puipose  is  sufficient  to 
cause  Its  adiiesion  to  the  glass.  The  enamel 
does  not  fiU  tho  tube,  but  allows  the  mercury  to 
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pass  freely  above  it ;  on  the  decrease  of  heat,  all 
that  part  of  the  mercurial  columu  which  has 
passed  the  enamel  is  left  in  the  tube,  while  that 
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portion  nearer  the  bulb  is  separated  and  with- 
draws from  it :  the  maximum  heat  will  there- 
fore be  shown  by  the  extremity  of  the  detached 


Fig.  3. 


mercurial  column:  after  this  is  registered,  by 
depressing  the  bulb,  the  detached  column  may  be 
made  to  reunite  with  the  rest  of  the  mercury ;  and 
thus  the  instrument  is  prepared  for  another  obser- 
vation.   The  advantage  of  the  instrument  seems 
to  be,  that  there  is  no  index  to  get  out  of  order; 
the  disadvantage  that  there  is  some  considerable 
trouble  in  accurately  determining  the  corrections 
to  bring  its  readings  in  unison  with  a  standard 
thermometer. — In  a  maximum  thermometer  de- 
vised by  Professor  Phillips,  a  portion  of  the 
mercurial  column  was  separated  from  the  rest  by 
the  intervention  of  a  small  bubble  of  au- ;  this 
portion,  as  in  the  case  of  Negretti's,  remains  in 
the  tube  on  the  contraction  of  the  mercury  in  the 
bulb,  and  thus  serves  to  mark  the  highest  read- 
ing attained :  by  the  inclination  of  the  tube  it  is 
then  brought  to' its  original  position  preparatory 
to  another  obser^^ation.    This  thermometer  does 
not  seem  to  have  received  the  attention  it  de- 
ser\'-es  :  its  construction  is  simple  and  its  indica- 
tions sure,  as  those  can  testify  who  have  used  it. 
— But  in  recent  years  the  mode  of  photographic 
registration  has  come  into  use  in  observatories, 
and  promises  to  supersede  wholly  all  other 
methods  of  observation.  The  only  objection  is  the 
difaculty  of  integration.    Nothing  can  surpass 
photographic  registration  in  manifesting  apparent 
anomalies.    But  if  integration  camiot  be  effected 
mechanically  by  some  planimeter,  such  as  that 
of  Mr.  Sang,  or  Professor  Clerk  Maxwell,  it  is 
unquestionably  to  be  wished  that  resort  be  had, 
for  the  determination  of  mean  values  for  long 
periods,  to  the  aid  of  uncompensated  pendulums. 

Thei'inoHtat,  or  Mcal-Govcrnor.— A  con- 
trivance for  regulating  the  processes  of  vaporiza- 
tion and  distillation.  It  depends  on  this  principle 
—when  two  bars  of  different  metals  are  soldered 
together  and  heated,  they  expand  differently  with 
a  separatmg  movement,  which  may  be  used  to  open 
or  close  valves,  dampers,  &c.,  and  so  to  regulate 
the  process  according  to  any  preconceived  mode. 
Thetln.  One  of  the  Asteroids.  Por  Elements, 

&c.,  see  AsTKROiDS. 

Thumlcr-Kod.    See  Liohtning-Conduc- 

TOR.  ^  , 

Thunder- Slonii.  Under  Clouds,  and 
Atmosi'Iierk  Electricity  of,  we  have  al- 
ready given  most  of  what  is  known  concernmg 
the  development  of  the  polar  or  opposite  electri- 
cities within  our  aerial  envelope.  It  remains 
simply  to  add  something  concerning  the  causes 


of  actual  thunder-sforms.  These  are  two :— 1. 
An  ascending  current  of  vapour  is  subjected 
to  rapid  condensation  within  a  colder  region. 
2.  Two  currents  of  air,  from  different  quarters, 
and  in  opposite  electric  states,  meet  each  other. 

The  former  of  these  causes  originates  thunder- 
storms during  summer ;  our  winter  thunder- 
storms are  due  to  the  latter.    But  in  either  case, 
the  ultunate  cause  is  a  rapid  condensation  of 
vapour.     It  does  not  follow,  however,  that  a 
rapid  condensation  of  vapour  must  always  pro- 
duce a  thunder-storm.     Such  condensation  is 
invariably  accompanied  by  the  evolution  of  elec- 
tricity, but  its  tension  is  generally  too  small  to 
permit  the  production  of  a  spark,  or  of  lightning. 
In  our  climates  these  storms  almost  always 
follow  a  few  calm  and  hot  days,  and  a  clear 
sky.     If  the  causes  giving  rise  to  them  are 
purely  local,  the  elements  of  the  storm  formed 
within  a  circumscribed  space,  are  transferred  by 
the  winds,  burst  out  on  their  passage,  and  soon 
terminate  then-  power :  but  if  the  originating 
causes  embrace  a  large  extent  of  country,  the 
electric  clouds,  as  first  circumscribed,  spread  out 
in  aU  directions,  and  affect  very  extensive  areas. 
Such  storms  are  more  violent  and  frequent  under 
the  tropics  during  the  rainy  seasons  and  when 
these  winds  change,  than  in  any  other  district  of 
the  earth.    In  our  climates  they  occur  generally 
—we  had  almost  said  solely— in  the  hot  season; 
and  when  we  pass  into  the  interior  of  the  Qon- 
tinent,  their  number  appears  to  hold  a  relation 
with  the  quantity  of  rain  that  faUs.  Approach- 
ing more  nearly  to  the  poles— for  example,  into 
the  Greenland  Seas,  their  number  strikingly 
diminishes.    It  appears,  further,  that  an  oceaiM 
atmosphere— othev  thmgs  being  the  same--is 
less  favourable  than  a  continental  one,  to  tne 
generation  of  such  storms.    The  curious  reader 
is  especially  referred  to  the  interesting  essay  by 
M.  Arago,  in  the  Ammaire  for  1838,— now  re- 
published in  the  edition  of  his  collected  works. 

Tide  Mill.  A  miU  in  which  the  nsing  and 
falling  of  the  tide  either  directly  at  the  sea-shore, 
or  in  a  tidal  river,  is  made  the  motive  po^ver.  n 
has  never  been  much  used  in  this  countrj%  loere 
are  two  principal  varieties :— 1.  In  which  tue 
water-wheel  rises  and  falls,  and  turns  one  waj 
with  the  rising,  and  another  with  the  ebbing 
tide.  2.  In  which  the  axle  of  the  water-wheel 
neither  rises  nor  foils,  and  in  which  it  always 
moves  m  the  same  direction. 
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Tides.  The  nature  of  the  force  or  forces 
giving  rise  to  the  oceanic  waves,  which  pass  by 
the  name  of  Tides,  will  be  readily  understood  by 
the  student  who  is  acquainted  with  the  elements  of 
the  Lunar  Theory. — The  principles  developed 
in  pages  441,  442,  and  443  of  our  Cyclopedia  are 
indeed  identical  with  those  to  which  reference 
must  now  be  made.    Suppose  e  E2  Ei  E3  a  sec- 
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tion  of  the  spherical  mass  of  the  earth,  and  that 
the  moon  is  in  the  direction  of  m.  The  mass  of 
our  satellite  must  be  regarded  as  a  disturbmg 
force  tendmg  to  affect  the  perfect  sphericity  of 


this  section ;  and— should  its  surface  be  covered 
wth  a  liquid— to  ira-press  on  this  liquid  covering 
a  new  form  or  distribution.    The  disturbing 
action  is  twofold.    First,  we  have  a  diminution 
of  gravity  m  the  direction  of  the  radius  of  the 
earth,  at  e  and  Ej,  and  an  increase  of  gi-a\'ity  in 
the  same  direction,  at  Eg  and  Eg.    If  therefore 
canals  were  dug  from  these  four  points  to  the 
centre  0,  it  is  clear  that  they  would  not  be  in 
equihhrio  under  such  circumstances,  unless  the 
canals  e  o  and  e^  o  were  longer  than  those  at 
E2  0  and  Eg  0.    The  waters  on  the  surface 
would  therefore  take  on  a  spheroidal  shape,  the 
longest  axis  being  e  Ej,  and  the  shortest  axis 
E2  Eg.    Ihus  we  would  have  a  greater  depth  of 
ocean  at  e  and  Ei  and  a  comparatively  shallow 
ocean  at  Eg  and  Eg— a  conclusion  indicating  that 
twice  dunng  every  rotation  of  the  earth  with 
respect  to  the  moon,  or  rather,  twice  during  everv 
apparent  daily  revolution  of  the  moon,  we  must 
have  a  high  or  full  tide  and  a  low  tide.  This 
peculiar  mfluence  of  the  moon  is  termed  its  lift- 
mg  -power,  and  in  its  absolute  magnitude  it  is 
very  considerable;  but  as  its  action  is  in  all  cir- 
cumstances counteracted  by  terrestrial  gravity 
Its  positive  effects  are  small.    The  lifting  power 
would  not  raise  the  waters  or  produce  a  tide  of 
more  than  -07  of  an  incli,  were  the  ocean  10,000 
fathoms  deep.    This  cause  then,  although  a  vera 
causa,  IS  not  adequate  to  evolve  the  tidal  effects 
with  which  every  one  is  familiar.    But  there  is 
another  element  of  the  moon's  disturbing  force 
viz.,  her  tanfjential force.    That  tangential  force 
acts  m  the  direction  of  the  arrows  in  the  cut- 
manifestly  tending  to  draw  down  the  waters  from 
r,  Ti,  &c.,  and  therefore  from  Eg  and  e,,  and  to 
heap  them  up  at  e  and  Ei.    The  absolute  dis- 
turbing energy  of  this  force  is,  at  its  maximum, 
-nly  tliree-fourthsof  tlie  maximum  lifting  force- 
nevertheless  as  its  inrtuence  is  in  nowise  coun- 
teracted by  gravity,  there  is  110  difficulty  in  sce- 
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mg  that  it  must  be  the  main  or  efficient  cause  of 
the  tides.  In  case  of  an  ocean  of  the  depth  spe- 
cified above,  this  tangential  force  would  elevate 
the  waters  nearly  >e /eei.— There  is  a  further 
analogy  between  the  problem  before  us  and  that 
of  the  lunar  inequalities.  The  moon  cannot  act 
with  equal  energj-  at  the  tAvo  regions  e  and  e,. 
The  effects  at  the  two  places  will  correspond  in 
kind  but  cannot  be  identical  in  degree.  Just  as 
with  the  Lunar  Parallactic  Inequality,  the  dis- 
tm-bance  will  be  somewhat  larger  at  e  than  at 
El— on  which  difference  is  based  the  distinction 

between  the  diurnal  and  the  semi-diurnal  tide.  

But  the  simplicity  which  at  first  sight  charac- 
terizes the  problem  of  the  tides,  disappears  as  we 
scrutinize  it  more  narrowly.    In  the  first  place, 
the  moon  changes  in  declination,  and  no  such 
change  can  take  place  without  influencing  the 
form  of  the  consequences  of  her  disturbing  action 
Secondly,  another  powerful  disturbing  energy 
is_  at  work,  viz.,  the  Sun— not  in  accordance 
with  the  Moon,  but  often  in  opposition,  and  with 
a  proper  force  also  varying  according  to  the  de- 
cimation of  that  orb.      There  is  thus  a  solar 
tide  as  weU  as  a  lunar  tide,  and  the  actual  tide 
is  the  composite  or  resultant  of  the  two  waves 
At  definite  seasons,  viz.,  at  new  and  fuU  moon, 
the  two  systems  of  waves  concord,  and  at  these 
periods  we  have  the  highest  or  spring  tides. 
VV  hen  the  moon  is  in  quadrature,  on  the  contrary 
the  two  systems  conflict,  and  then  we  have  the 
mmimum  rise  of  the  waters,  or  our  neap  tides 
In  this  case,  as  with  astronomical  inequalities, 
we  separate  the  effects  depending  on  the  concur- 
rence of  the  two  influences,  from  those  that  arise 
from  their  conflict;  and  to  these  latter— as  if  they 
were  distmct  tidal  waves-long  and  appropriate 
penods  are  assigned.    According  to  this  view 
then,  the  apparent  height  of  the  tide  at  any 
moment  is  made  up  of  three  parts,  depending  on 
three  astronomical  causes :  

1.  — The  diiu-nal  luni-solar  tide, 

2.  — The  semi-diurnal  luni-solar  tide. 

3.  — Tides  of  long  periods  depending  on  the 
change  of  position  of  the  sun  and  moon,  or  the 
semi-menstrual  and  semi-annual  tides. 

To  which  the  operation  of  two  other  physical 
causes  must  be  added,  viz.  :— 

4.  — The  elevation  or  depression  of  the  water 
due  to  slow  changes  of  barometric  pressure ;  aud 

5.  — Abrupt  changes  due  to  Wind. 

It  must  not  be  supposed,  however,  that  the 
foregoing  elements  are  more  than  the  barest  ele- 
ments, entering  into  the  solution  of  the  actual 
problem  of  the  tides.  They  give  us  a  definite 
conception,  indeed,  of  the  forces  that  originate 
the  tidal  waves;  but  according  to  what  laws  are 
these  waves  propagated  ?  Wl,at  retardation  is 
due  0  the  inertia  of  the  liquid  ?  What  apparent 
acceleration  to  the  persistency  of  a  wave?  And 
more  important  than  all,  how  shall  we  estimate 
ho  influences  of  the  shape,  depth,  and  distr  ! 
butiou  of  our  terrestrial  seas  and  oceans?  Dif 
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fcrent  views  have  been  taken  of  the  conditions  of 
fluid  motion,  viz.,  what  is  called  the  Equili- 
brium Theory,  Laphice's  Dynamical  Theory,  and 
Mr.  Airy's  Tiieoiy  of  Canal  Waves.  No  pro- 
blem in  hj'drodynamics  can  be  practically  solved 
at  present  on  the  ground  of  pure  a  priori  princi- 
ples ;  nevertheless  these  aimori  formulae  are  an 
Important  guide  to  the  observer.  Perhaps  no 
greater  gain  has  recently  been  obtained  in  this 
direction,  than  that  distinct  separation  of  the 
lunar  and  solar  tidal  effects,  whicli  Ave  owe  to 
Mr.  Ilaughton :  that  the  problem,  in  itself,  is  not 
yet  one  for  deductive  science  has  been  established 
beyond  question  by  the  utter  incongruities  be- 
tween the  calculations  of  Laplace  himself  and  the 
facts  of  the  tides  at  Brest ;  but  Science  unques- 
tionably owes  her  willing  acknowledgments  to 
Dr.  Whewell,  for  the  energy  and  success  with 
•which,  supported  by  the  British  Association,  he 
urged  forward  the  discovery  of  emjyirical  laws. 
The  inquiry,  indeed,  is  of  that  nature  which  ex- 
cludes hope  of  theoretical  advance,  unless  through 
aid  of  such  laws.  And  it  is  due  to  the  Master 
of  Trinity  to  allege  that  no  other  phj-sicist  has 
wrought  so  well  in  a  direction,  the  successful 
promotion  of  which  demanded  gi'eat  perseverance 
as  well  as  a  high  sagacitj%  We  cannot  follow 
out  the  inquiry  here.  The  student  is  referred  to 
the  various  papers  and  reports  of  Dr.  Whewell ; 
to  the  map  of  Co-tidal  Lines,  by  Mr.  Scott 
Eussell,  in  Johnston's  Physical  Atlas  ;  and  very 
especially  to  the  memoirs  by  Mr.  Haughton  in 
the  first  vol.  of  Philosophical  Magazine  for  1856. 
The  meaning  of  all  technical  terms  will  bs  found 
in  any  elementary  book  on  Navigation. 

Time.  The  interval  between  two  successive 
returns  of  the  vernal  equinox  to  the  same  meri- 
dian is  called  a  sidereal  day. — The  interval  be- 
tween two  successive  retui-ns  of  the  sun  to  the 
same  meridian  is  called  a  solar  day. — The  sun 
completes  an  apparent  revolution  about  the  earth 
in  one  year,  or  365  days  5  hours  48  minutes 
and  47'57  seconds;  so  that  the  sun's  mean  daily 
motion  is  found  by  the  proportion, — oneyear  :  one 
day  :  :  360°  :  daily  motion  =•  59'  8"-33 — This 
motion  is  not  uniform,  but  is  greatest  when  the 
sun  is  nearest  the  earth.  Hence  the  solar  days 
are  unequal ;  and  to  avoid  tlie  inconvenience 
resulting  from  this  fact,  astronomers  have  re- 
course to  a  mean  solar  day,  the  length  of  which 
is  equal  to  the  mean  or  average  of  all  the 
apparent  solar  days  in  a  year. — The  length  of 
tho  mi  a  1  solar  day  is  different  from  that  of  the 
sidereal,  because  wlien  the  mean  sun,  in  its  diur- 
nal motion,  returns  to  the  meridian,  it  is  59' 
8"-33  advanced  eastward  in  right  ascension.--An 
arc  of  the  equator,  equal  to  360°  39'  8"'33, 
passes  the  meridian  in  a  mean  solar  day,  while 
only  360"  pass  in  a  sidereal  day.  To  find  the 
excess  of  the  solar  day  above  the  sidereal  day, 
expressed  in  sidereal  time,  we  liave  the  proportion 

360°  :  59'  8"-33  : :  one  day  :  3ni.  56-565s. 
Hence  24  hours  of  mean  solar  time  are  equiva- 
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lent  to  24Ii.  3m.  56'555s.  of  sidereal  time.  As 
we  have  frequent  occasion  to  convert  intervals  of 
mean  solar  time  into  intervals  of  sidereal  time, 
suitable  tables  have  been  constructed,  from  which 
such  intervals  are  found  by  mere  inspection. 

The  methods  of  determining  true  local  time 
by  observation  are  four : — 

(1.)  By  equal  altitudes  of  a  star  on  opposite 
sides  oj  the  meridian. 

Observe  the  times  when  the  star  has  equal 
altitudes  before  and  after  passing  the  meridian  ; 
the  arithmetical  mean  between  these  times  is  the 
time  of  the  star's  passing  the  meridian.  By 
comparing  this  time  with  the  known  place  of 
the  star,  we  may  obtain  the  error  of  the  clock. 

(2.)  By  equal  altitudes  of  the  sun. 

Since  the  declination  of  the  sun  changes  from 
morning  to  evening,  the  time  of  the  sun's  arriv- 
ing at  a  given  altitude  is  affected  by  this  motion, 
and  we  must  compute  the  correction  to  be  a])- 
plied  to  the  mean  of  the  times  observed. 

(3.)  iJy  a  single  altitude  of  the  sun  or  a  star. 

Let  p  z  H  be  the  meridian  of  the  place  of  ob- 
servation, p  the  pole,  z  the  zenith,  and  s  the 
place  of  the  sun  or  star.    If  the  zenith  distance, 
s  z,  has  been  measured  and  corrected  for  refrac- 
tion, then  in  the  spherical  triangle,  z  p  s,  the 
three  sides  are  known,  viz., 
p  z  =^  the  co-latitude  = 
z  s  =  the  true  zenith  distance  =  z ; 
p  S  =  the  north  polar  distance  of  the  star  =  d. 
In  this  triangle  we  can  compute  the  angle  z  p 
which  is  the  distance  of  the  star  from  tlie 
meridian. — Whence, 


sm 
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Put    2  s 


sin  (s  —  6)  sin  s  —  c) 

sin  6  sin  c 
d+  ^; 


then 


sin 


  /  sin  (s  — '^f)  sin  (s  —  d) 

sin     sin  rf 


sin     sin  rf 

It  may  be  found  convenient  to  employ  in  our 
computation  •v//,  the  latitude  of  the  place,  and  d 
the  declination  of  the  star,  rather  than  the  co- 
latitude  and  polar  distance.  For  this  ^n^wse, 
we  have  only  to  substitute  in  the  preceding 
formula  d  for  90°— t?,  and  (p  for  90°— v/-, 
we  shall  obtain  sin  ^  p  = 


and 


cos  <p  COS  S 

(4.)  To  determine  time  by  the  transit  instrti- 
ment. 

The  instant  of  tho  sun's  passing  the  mendian 
is  the  time  of  apparent  noon  ;  and  hence,  if  ^''^ 
compare  the  sun's  passage  over  the  meridian  with 
a  chronometer,  we  shall  obtain  the  deviation  ot 
the  chronometer  from  apparent  solar  time.^  I'  ^ 
this  we  ap]5ly  the  equation  of  time  with  its  pro- 
per sign,  we  shall  obtain  the  error  of  the  chro- 
nometer in  mean  time. 
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Time  SEnH.  A  contrivance  by  means  of 
which  the  exact  time  can  be  communicated  over 
a  wide  space  by  the  clock  of  an  observatory.  It 
is  essentially  this: — On  the  top  of  an  elevated 
place  an  upright  rod  is  adjusted,  along  which  a 
large  ball  or  sphere  can  be  make  to  slide  up  and 
dou-n.  A  short  time  previous  to  the  hour  to  be 
indicated,  the  ball  is  raised  to  the  top  of  the  rod, 
from  which  it  is  dropped  at  the  exact  hour. 
Tliis  used  to  be  effected  by  actual  interference  of 
the  observer ;  but  now  the  movement  is  auto- 
matic, the  ball  being  dropped  through  the  agency 
of  an  electi'o-magnetic  apparatus  in  connection 
with  the  astronomical  clock.  The  same  clock 
may  drop  any  number  of  balls  at  distant  places 
provided  they  are  in  electro-telegraphic  corre- 
spondence with  it.  A  large  extension  might  be 
given  to  the  system  of  time  balls,  with  much 
practical  advantage  to  our  shipping. 

Torricclli,  Theorem  of.    A  general  prin- 
ciple in  Statics,  announced  by  Torricelli,  as  fol- 
lows : — "  When  a  system  of  bodies  is  in  equi- 
librium, its  centre  of  gra^^ty  is  either  at  the 
highest  or  lowest  point  that  it  can  attain. "    It  is 
needful  to  combine  with  this,  certain  principles  re- 
ferred to  under  "  Stability." — The  theorem  fully 
generalized  and  freed  from  specialty  of  expres- 
sion— as  it  has  been  under  more  advanced  statics 
and  analysis — is  of  much  importance  in  facilitat- 
ing the  general  solution  of  problems  relating  to 
heavy  bodies— e.  ff.,  the  problem  of  the  Catenary. 
Maupertuis  subsequently  generalized  this  theo- 
rem, and  gave  it  the  name  of  the  Law  of  Repose. 
— I.ilte  all  such  theorems  in  Statics  and  Dy- 
:  namics,  Torricelli' s  has  been  superseded  or  been 
'  overlooked,  because  of  the  wide  grasp  of  our 
I  general  methods. — For  discussion  of  the  condi- 
1  tions  of  stable  and  unstable  equilibrium,  to  which 
I  such  statical  theorems  refer,  see  "  Stabihty." 

Torsion.    The  force  with  which  a  string  or 
I  thread  returns  or  tends  to  return  to  a  state  of 
I  rest,  after  it  has  been  twisted.    The  force  of  tor- 
!  sion  has  often  been  referred  to  in  this  Cyclopasdia, 
and  many  of  its  practical  applications  noticed. 
It  may  be  compared  as  follows  with  the  force  of 
gravity  : — The  time  in  whicli  a  pendulum  of 
the  length  I  moves  in  a  small  arc,  is  known  to 


be 


VI- 


The  time  in  which  a  torsion 


>wire  vibrates  once  on  its  axis  being  made  equal 
tto  the  time  in  whicli  a  simple  ijcndulum  vi- 
Ibrates,  we  have 

K^^M  _  j_ 
n  (J 

Tlierefore  a.s  the  momentum  of  inertia  for  a  tor- 
sion wire  suspending  a  body  of  a  given  form, 
can  be  computed,  and  as  /  may  be 'f<jund  froin 
the  observed  time  of  a  vibration,  tlie  value  of 

r,7i_the  co-efficient  of  the  force  of  torsion  can 

-readily  be  ascertamod  from  tliis  equation,  m  is 
the  mass  suspended,  and  k  is  radius  of  gyration. 


J 
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Most  valuable  application!?  of  the  force  of  tor- 
sion have  been  made  to  physical  research, — for 
instance,  Coulomb's  Torsion  Balance,  and  tlic 
Bifilar  Magnetometer  of  Harris  and  Gauss. 
Trade  Wind.  See  Winds. 
Trajeciory.  The  path  of  a  body's  motion  is 
called  the  trajectory.  Thus  the  trajectory  of  a 
heavy  point  projected  in  vacuo  under  the  action 
of  gravit}^  is  a  parabola. 

Transit  Instriiuient.    A  most  important 
instrument  in  practical  astronomy.    Its  general 
construction  will  be  best  understood  by  reference 
to   the  figure   already  given  vmder  Cmti.K 
(fig.  4,  p.  111). — The  object  of  the  instrument 
being  to  detect  the  transit  of  a  star  across  the 
meridian  of  a  place,  it  is  clearly  necessary  that  it 
move  in  a  meridian  circle,  or  so  that  its  line  of  col- 
limation  sweep  along  that  circle.  To  accomplish 
this  object,  the  axis  of  the  telescope  must  plainlv 
be  horizontal,  and  made  to  rest  therefore  on  the 
top  of  strong  stone  pillars,  not  connected  with 
the  floor  on  which  the  observer  walks.    It  is  im- 
possible to  secure  absolute  stability  to  the  hoi-i- 
zontal  axis,  whatever  be  our  precautions.  The 
two  pillars  varj',  expanding  or  contracting  by 
some  quantity,  in  consequence  of  tlie  alterna- 
tions of  summer  and  winter  temperature.  But, 
generally  speaking,  two  massive  and  correspond- 
ing blocks  of  stone,  founded  deeply  in  the  earth, 
will  produce  all  the  stability  that  can  be  attained. 
It  is  assumed,  of  coiu-se,  that  the  other  mechani- 
cal adjustments  of  the  instrument  are  also  care- 
fully provided  for,  —  viz.,  that  the  pivots  on 
wl)ich  it  turns  are  round,  and  that  the  telescope 
tube  be  at  right  angles  to  the  horizontal  axis. 
The  exactness  or  failure  of  the  pivots  mav 
readily  be  ascertained  by  turning  the  instru- 
ment when  its  great  level  is  placed  on  it;  and 
the  perpendicularity  of  the  tube  is  also  readily 
tested  on  reversing  the  axis,— that  is,  placing 
the  west  end  to  the  east,  and  vice  versa.  These 
mechanical  essentials  being  supposed  secured,  it 
next  becomes  necessary  to  determine  how  far  tlie 
place  of  the  instrument  is  in  eiTor,  and  there- 
fore what   are  the  corrections  that  must  be 
applied  to  the  observed  transit  of  any  star,  so 
that  the  true  time  of  its  transit  be  deduced. 
There  are  three  errors  of  place.    First,  tlie  axis 
may  not  be  exactly  horizontal  —  an  error  at 
once  detected  and  valued  by  reversal  of  the 
level ;  secondhj,  the  line  of  collimation  mav  not 
be  correct — an  error  detected  antl  valued  hv  a 
reversal  of  the  axis  of  the  instrument ;  or, 
better  still,  by  IJohnenbergiM-'s  method,  as  de- 
sci'ibed  under  Cikcle;  and,  thirdly,  there  may 
bo  an  error  in  azimuth,  i.  e.,  the  collimation 
line,  although  describing  a  great  circle  passing 
tlirongli  the  zenith  point,  may  not  describe  tlie 
meridian  circ'/e.- Tliere  arc  three  methods  of 
determining  the  error  in  azimuth.     (1.)  Q},. 
serve  two  successive  transits  (tiie  upper  and 
lower),  of  tiic  polo  star,  or  anv  close  cirenm- 
polar  star,  then  the  azimuthal  dcviaiiou  of  the 
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transit  is  equal  to  half  the  difference  between  the 
observed  interval  and  twelve  hours  (in  seconds), 
multiplied  by  the  coseantof  the  latitude,  and  tlie 
cotangent  of  the  star's  declination.  (2.)  Observe 
the  transits  of  two  stars  (their  places  being 
known),  that  differ  considerably  in  declination, 
but  very  little  in  right  ascension ;  the  azimuthal 
error  Avill  be  ^„.,.'. 


A  cos  S  cos  S' 


a,- 


cos  (f  sin  .  (S'  —  S) 

where  S'  are  the  declinations,  (p  the  latitude  of 
the  place,  and  A  tlie  difference  of  the  obser^'cd 
times,  minus  the  difi\jrence  of  right  ascensions. 
(3.)  Observe  two  triangular  stars  at  opposite 
culminations— the  one  above,  the  other  below 
the  pole, — the  error  in  azimuth  will  be 


a  =  - 


A  cos  J'  cos  S 


cos  (f  .  sin  (§'  -\r-  S) 

where  A  is  the  difference  of  the  observed  times, 
■minus  the  difti;ronce  of  the  right  ascensions,  ne- 
glecting the  twelve  hours.  These  corrections  being 
i'ound,  the  time  of  the  transit  of  any  star  may  be 
changed  into  its  right  ascension  by  the  following 
formula. 

ka  =  (t4.jo  -f  a:  ^I^lC^-tJ)' 

,     .'   .cos  3 
I  I  I  I    '  -III  '111,1  -i.i 

■      '  '  J,  J  .  cos  (^,-7-:?)  v!!^,,' 

yi  1  j  i  |-'-cosS  'Wcosi 

where  t  is  the  observed  time,  d  t  the  error  of 
tlie  clock,  and  a,  6,  c,  the  azimuthal,  level,  and 
collimation  errors  respectively.  The  errors  above 
referred  to,  must  be  constantly  watclied,  for  even 
the  best  and  most  solid  instrument  is  liable  to 
very  irregular  fluctuations.  Very  full  instruc- 
tions as  to  the  discovery  of  these  corrections  and 
the  general  management  of  the  transit  instru- 
ment, will  be  found  in  any  good  work  on  prac- 
tical astronomy ;  but  we  think  it  right  to  trans- 
fer from  the  treatise  by  Professor  Loomis,  the 
following  special  accoimt  of  the  application  of 
electro-magnetism  to  the  exactcr  record  of 
transits  that  recently  came  into  use  in  America, 
and  is  being  tried  at  Greenwich.  It  promises  to 
suppl:^nt  altogether  the  former  mode  of  eye-esti- 
mation : — 

'J'his  application  involves  two  contrivances 
entirely  distinct  from  eacli  other.  Tlie  lirst  is 
a  method  by  which  an  astronomical  cloclc  maj- 
be  made  to  break  tiie  electric  circuit  at  the  end 
of  every  second ;  and  tlie  other  is  the  register, 
for  recording  not  only  the  beats  of  the  clock,  but 
also  any  other  arbitrary  signals  at  the  pleasm-c 
of  the  operator. 

1.  The  Ekctric  Clock. — Tlieclcctriccircuitmay 
be  broken  every  second,  by  means  of  a  clock,  in 
a  variety  of  ways.  Dr.  Locke  introduces  into 
the  astronomical  clock  a  •wheel  with  sixty  teeth, 
which  makes  one  revolution  per  minute.  Each 
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tooth,  in  succession,  strikes  against  the  handle 
of  a  platinum  tilt-hammer,  a  c,  weighing  about 
two  grains,  and  Icnocks  up  the  hammer,  wliich 
almost  immediately  falls  to  a  state  of  rest  on  a 


bed  of  platinum.  The  fulcrum  b  of  the  tilt- 
hammer,  and  the  platinum  bed,  rest,  severally,  on 
a  small  block  of  wood.  Each  is  connected  by 
wires  D  and  e,  with  a  pole  of  the  galvanic 
battery,  and  the  cii-cuit  is  alternately  broken  and 
completed  by  the  rising  and  falling  of  the  ham- 
mer. The  circuit  is  open  about  one-tenth  of  a 
second,  and  closed  the  remaining  nine-tenths  of 
each  second. — Professor  Bond  insulates  the  axis 
of  the  escapement  wheel,  and  also  the  axis  of  the 
steel  pallets,  by  a  ring  of  shellac.  Wires  from 
the  two  poles  of  the  battery  are  connected  witli 
each  axis,  so  that  when  either  pallet  comes  id 
contact  with  an  escapement  tooth,  tlie  galvanic 
circuit  is  closed ;  and  when  the  contact  is  broken 
(as  it  must  be  at  every  oscillation  of  the  pendu- 
lum), the  galvanic  circuit  is  opened. — At  the 
Washington  Obser\\Ttory  the  same  object  is  ac- 
complished in  the  following  manner : 
— A  small  piece  of  metal  si,  is  attache:d 
to  the  back  of  the  clock,  near  the  lower 
extreniily  of  the  pendulum,  and  upon 
it  is  placed  a  small  globule  of  mercury, 
so  that  tlie  index  b,  attached  to  the 
lower  extremity  of  the  pendulum,  may 
pass  through  the  globule  of  mercury 
once  every  vibration.  A  wire  from 
one  pole  of  the  battery  is  connected 
with  the  supports  of  the  pendulum  c, 
and  another  wire  from  tlic  other  pole 
of  the  battery  connects  with  the  metal- 
lic support  of  the  mercury  globule.  If 
now  the  pendulum  were  at  rest  with 
the  pointer  b,  in  the  mercury,  it  is 
evident  that  the  electric  circuit  would 
be  complete  through  the  pendulum. 
If  then  the  pendulum  be  set  in  motion, 
it  will  break  the  circuit  wlienever  it 
passes  out  of  the  mercury,  and  restore  it  again  as 
soon  as  it  touches  the  mercury. —  Mr.  Saxton  cm- 
ploys  a  small  tilt-hammer,  like  Dr.  Locke,  but  be 
breaks  the  circuit  by  means  of  a  small  glass  pin 
projecting  from  tlic  pendulum. — A  u  c  (fig.  3)  repre- 
sents a  platinum  wire,  mounted  upon  a  pivot  at 
the  end  a  being  somewhat  heavier  than  the  other, 
and  resting  upon  a  metallic  bed  d.   At  c,  the 


v.,  7 
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•wire  is  bent  so  as  to  form  an  obtuse  angle.  The 
wire  E  goes  from  d  to  one  pole  of  the  battery, 


» while  the  -wire  h,  from  the  other  pole  of  the 
Ibattery,  communicates  with  the  metallic  sup- 
pport  G,  and  thence  with  the  wire  a  b.  When 
tithe  end  a  of  the  platinum  wire  rests  upon  the 
npport  n,  it  is  e\-ident  that  the  electric  circuit 
complete.  This  apparatus  is  placed  near  the 
iddle  of  the  pendulum  (a  portion  of  which  i  k, 
represented  in  the  cut),  and  just  in  front  of  it, 
that  the  pendulum  may  swing  behind  it 
thout  obstruction.  A  small  glass  pin  f,  about 
alf  an  inch  in  length,  is  attached  to  the  pendu- 
lanm  in  such  a  position  that,  at  every  vibration 
)bf  the  pendidum,  the  pin  shall  sliglitly  impinge 
iHpon  the  angle  c  of  the  platinum  wire,  and  force 
ijip  the  end  a.  As  soon  as  the  pin  has  passed 
iihe  point  c,  the  end  a  falls  back  again  upon  its 
laupport  D.  Thus,  at  every  vibration  of  the 
'  endulum,  the  end  a  of  the  platinum  wire  is 
fted  about  a  tenth  of  a  second,  and  rests  upon 
.  >  during  the  remaining  nine-tenths  of  the 
=  icond;  that  is,  the  electric  circuit  is  closed 
bout  nine-tenths  of  every  second,  and  is  open 
uring  the  remaining  tenth. — By  either  of  these 

faethods,  as  well  as  several  others,  the  electric 
Tcuit  may  be  broken  every  second  by  means  of 
c clock. 

2.  The  Register. — The  most  obvious  mode  of 
gistering  the  beats  of  the  clock  is  upon  a  long 
J|i.ilet  of  paper,  after  the  ordinary  method  of  tele- 
nmphic  communications.  If  the  paper  be  allowed 
run  through  an  ordinary  Morse  registering 
■paratus,  and  the  circuit  be  broken  every  second 
■  the  clock,  the  graver  will  trace  upon  the 
per  a  series  of  lines  of  equal  length,  separated 
'  ■  short  interruptions,  thus : — 


is  easy  to  reverse  the  action  of  the  graver,  so 
aat  when  the  circuit  is  complete,  tiie  paper 
'i'all  be  entirely  free,  and  a  dot  be  made  bv  the 
!aking  of  the  circuit.    A  paper  gradualed  into 
•onds  i)y  tiiis  arrangement,  exhibits  dots  with 
lag  intervening  spaces,  thus: — 

■  tead  of  long  lines  with  short  blanks,  as  shown 
'  ore. — In  order  to  indicate  the  commanccment 
Jl  lthe  minute,  a  dot  may  be  omitted  at  the  end 
^pvery  sixty  seconds.    This  is  accomplished  in 
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Dr.  Locke's  clock,  by  omitting  one  tooth  in  the 
wheel  which  breaks  the  circuit,  as  shown  at  ii, 
in  fig.  1,  page  743. — The  mode  of  using  the 
register  for  marking  the  date  of  any  event,  is  to 
tap  on  a  break-circuit  key  simultaneously  witli 
the  event.  The  beginning  of  the  short  line  thus 
printed  upon  the  graduated  scale  of  the  register, 
fixes,  by  a  permanent  record,  the  date  of  the 
event.  Thus  a  represents  such  a  record  printed 
upon  the  graduated  paper. 


By  tapping  upon  the  key  at  the  instant  a  star  is 
seen  to  pass  each  of  the  wires  of  a  transit  instru- 
ment, the  observation  is  instantly  and  perma- 
nentl}'  recorded.    The  usual  rate  of  progress  of 
the  fillet  under  the  pen  is  about  one  inch  per 
second,  and  the  observations  are  read  off  by 
means  of  a  graduated  transparent  scale,  about 
an  inch  square,  as  represented  in  the  annexed 
cut,  consisting  of  equidistant  and  parallel  lines, 
ruled  upon  a  piece  of  glass  by  means  of  a  dia- 
mond, or  etched  with  fluoric  acid.    If  the  inter- 
val between  the  second  dots  be  gi-eater  than  the 
breadth  of  the  scale,  the  scale  is  turned  obliquely 
across  the  fillet,  until  the  first  and  last  divisions 
exactly  comprehend  the  space  between  the  two 
second  dots.    Let  the  distance  from  4s  to  5s,  on 
the  above  scale,  be  the  dis- 
tance on  the  fillet  between 
the  fourth  and  fifth  seconds,  'J 
and  let  the  dot  a  between 
them  represent  the  observa- 
tion.   It  appears,  bj'  inspec- 
tion, that   the  observation 
was  recorded  between 4-7  and 
4-8  seconds.    The  distance  ^"'S- 
of  a  from  the  nearest  scale  division  may  be 
estimated  to  tenths.    Thus  time  is  accurately 
measured  to  tenths,  and  may  be  estimated  to 
hundredths  of  a  second.  On  some  accounts,  it  is 
more  convenient  to  emploj'  a  scale  consisting  of 
diverging  lines,  as  represented  in  the  annexed 
cut,  so  that  the  breadth  of  the  scale  may  always 
exactly  compi'ehend  the  in- 
ten'al  between  the  second  dots, 
which  intervals  must  neces- 
sarily vary  somewhat  in  length. 
— This  method  of  recording 
transits  not  oviiy  possesses  the 
advantage  of  precision,  but  also 
of   performing    vastly  more 
work  in  a  given  time.  Fif- 
teen seconds  is  the  ordinary         ^^S-  5. 
equatorial  interval  for  the  wires  of  a  transit 
instnmient;  but  when  the  transits  are  printed 
on  paper,  in  the  manner  now  described,  this 
interval  may  easily  be  reduced  to  two  or  three 
seconds.    The  value  of  a  night's  work  with 
the  transit  instrument  is  thus  increased  many 
fold. — To  obviate  tlie  inconvenience  of  a  long 
fillet  of  paper,  Mr.  Saxton  has  substituted  a 
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cylinder,  abont  eight  inches  in  diameter  and  two 
feet  long,  enveloped  with  paper,  which  may  be 
removed  at  pleasure.  This  cylinder  is  made  to 
revolve,  with  a  uniform  motion,  upon  a  screw 
axis,  so  that  the  recording  dots  are  made  upon 
u  perpetual  spiral.  One  sheet,  filled  in  this  man- 
ner, will  contain  about  two  hours'  Avork  ■with  a 
transit  instrament. — In  order  to  secure  the  full 
advantage  of  the  preceding  method,  it  is  impor- 
tant that  the  paper  which  contains  the  register 
be  made  to  advance  with  entire  uniformity.  The 
Messrs.  Bond  have  invented  for  this  purpose  a 
machine  which  they  call  the  Spruig  Governor, 
consisting  of  a  train  of  clock-work  connected 
with  the  axis  of  a  fly-wheel.  It  has  an  escape- 
ment-wheel, into  the  teeth  of  which  pallets  are 
operated  by  the  oscillations  of  a  pendulum,  as  in 
ordinary  clocks,  the  wheel  being  so  connected 
with  its  axis  by  a  spring  as  to  allow  the  axis  1o 
move  while  the  wheel  is  detained  by  the  pallets. 
The  register  is  made  upon  a  sheet  of  paper 
wrapped  round  a  cylinder. 

TraBisIalion.  As  distinguished  from  rota- 
tion, consists  in  the  movement  of  a  point  from 
one  position  to  another.  There  is  a  simple  move- 
ment of  translation  in  a  body  when  its  centre  of 
gravity  is  moved,  and  when  the  body  is  rigidly 
connected.  The  translation  for  every  point  is 
identical  with  that  for  the  centre  of  gravity. 

Transparency.  The  property  of  bodies 
which  enables  light  to  pass  through  them.  No 
body  is  perfectly  transparent ;  there  are  none  in 
which  a  portion  of  the  light  rays  are  not  absorbed. 
Again,  no  body  is  perfectly  opaque — even  gold, 
for  example,  if  thin  enough  wiU  transmit  a  dull 
light. 

Transversals.  A  general  method  of  treat- 
ing many  geometrical  subjects,  broiight  into 
notice  by  Carnot.  The  following  elementary 
illustrations  are  copied  from  Mulcahy : — 

Lemma  1. — If  three  right  lines  a  a',  b  b',  c  c' 
be  drawn  from  the  angles  of  a  triangle  A  b  c  to 
meet  in  any  point  o,  the  segments  of  one  side  of 

the  trianglewill  bein 
a  ratio  compounded 
of  the  ratios  of  the 
segments  of  the  other 
sides,  that  is, 

B  A'  ;  A'  C 
B  C'  :  c' 
A  b' 

For,  B  A'  :  A'  c  : 
a'  :  a'  c : :  A  B  o  a' 

A  A  B  0 


f  B  C'  :  c'  A  \ 
1  A  b'  :  n'  c  / 


A'  C 


A  C 
A  A 


B  O  \ 
C  O  j 


that  is, 


B'  0 
C*  A 


} 


Q  F..  D. 


A  15  O 
C  B  O 

(  ab' 

=  ■  "i  B  C/ 

This  relation  may  bj  otherwise  expressed  as 

fiiUows :  —  ^       »  / 

^Ve  have  (Eudkl,  b.  vi.,  prop.  23)  b  A  :  A  c 
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f  l  A  b'  .  3 C  :  B''d'.'c'^^':"'and,  therefore,  a  b'  . 
C  a''  .  B  C  =  A'  B  .  c*  A  .  b'  c,  that  is,  the  con- 
tinued 2>roducts  of  the  alternate  sefjments  of  Vie 
sides  are  equal. — Similar  results  will  hold  good 
when  the  point  o  is  outside  the  triangle.  In 
that  case  two  of  the  points  a',  b',  d  will  lie  on  the 
sides  produced. — Conversely,  it  follows,  ex  ah- 
surdo,  that  if  the  relation  above-mentioned 
obtains,  amongst  the  segments  of  the  sides  of  a 
triangle  made  by  lines  drawn  from  the  angles 
(under  the  restriction  just  stated,  relative  to  a 
point  outside),  those  lines  will  meet  in  one  point 
Lemma  2. — If  a  right  line  &  h!  be  drawn, 
cutting  the  three  sides  of  a  triangle  A  b  c,  their 
segments  so  formed  will  have  a  relation  similar 
to  that  expressed  in  the  former  Lemma. 
For,  draw  c  o  parallel  to  a  e  (see  figs.)  ;  tlic-u 


Fig.  2. 


b  a'  :  a  c 


B  C 


f  B  c'  :  c/  A  ? 
°  =  =  icA:C  0  V 

therefore 


but  c'  A  :  0  o  :  :  A  B  :  b  C  ; 


B  a'  :  A'  c 


{ 


B  C 

ab' 


And  so  on  as 


before.  ,  ... 

Conversely,  if  a  point  be  taken  on  each  firte 
of  a  triangle  (or  the  side  produced),  so  that  the 
segments  "thus  formed  shall  satisfy  the  relation 
above  referred  to,  those  three  points  will  be  ni  one 
right  line,  provided  that  an  odd  number  of  the 
points  shall  lie  on  the  productions  of  the  side.-:.— 
These  Lennnas  being  premised,  we  shall  now  ex- 
plain the  harmonic  properties  of  a  trianglo.-- 
"  Let  three  right  lines  A  a',  b  b',  c  c',  be  drawn 
(as  in  Lemma  1)  from  the  angles  of  a  trians^ 
to  meet  in  a  point  o,  and  let  the  lines  a  b,  n 
c'  a'  be  iirodncod  to  meet  the  sides  A  B.  b  c.  c  *> 
respectivch',  in  c",  a",  b";  then,  1°,  a"  " 
lines  on  the  figure  so  formed  are  cut  harniom 


cally,  and,  2°,  the  points  a",  b",  c  ,  are  m 
right  line."  , 
1°.  J5y  the  foregoing  Lemmas  b  a 

«  .1.-1     t-      «       ."So     /.lit  ll 


a'c: 


n  A"  :  c  A 


"  •  that  is,  B  A"  is  cut  harmouicaUy. 


TRA 

V  similar  proof  applies  to  b  c"  and  a  b". 
Vajain,  if  a  a"  be  joined,  as  B  a"  is  cut  harmoni- 
ally,  so  also  13  O*  a",;  and  in  like  manner  c"  a' 

and  b"  c'.  For 
similar  reasons  b  b' 
is  cut  harmonically, 
and  also  a  a'  and 

0  0'. 

'2°.   Join  B  b", 
n  ow,  if  the  three  lines 
meeting  at  b"  be 
taken  as  three  legs 
of  an  harmonic  pen- 
cil (b"  b  and  b"  c 
being  supposed  con- 
jugate), the  fourth 
is  determined ;  but 
it  must  pass  through 
a"  and  c",  since  these 
points  are  harmonic 
conjugates  to  a'  and 
respectively;  tlierefore  b",  a",  c",  are  in 
■  same  straight  line. — If  from  the  ends  of 
base  of  a  triangle  two  lines  be  drawn  to 
opposite  sides,  so  as  to  intersect  on  the  per- 
ndicular  to  the  base,  the  lines  joining  the 
')t  of  tJie  perpendicular  to  their  intersections 
th  the  sides,  make  equal  angles  with  the  base. 
>T,  if  A  a'  be  perpendicular  to  the  base  (see 
■t  figure),  a'  is  the  vertex  of  an  harmonic 
ncil  two  of  whose  alternate  legs  are  at  right 
gles,  and  therefore  the  angle  b'  a'  c'  is  bi- 
ted,  and  the  proposition  is  proved. — Some  of 
■>e  conclusions  may  be  otherwise  expressed, 
le  following  definition  must  be  first  laid  down  : 
the  opposite  sides  of  a  quadrilateral  be  pro- 
ced  to  meet,  the  line  joining  their  intersections 
ly  be  called  the  third  diagonal  of  the  quadri- 
eral.    Thus  (see  last  figure),  b  c  is  the  third 
-onal  of  A  d  on';  again  c'  b'  is  the  third 
>nal  of  a  b  o  c  ;  and  considering  c'  b  b'  c 
'  as  a  quadrilateral,  a  o  is  its  third  diagonal. 

'  have  then  the  following  proposition:  

he  three  diagonals  of  any  quadrilateral  belong 
I  to  two  other  quadrilaterals,  whose  sides  are 
.  inents  respectively  of  those  of  the  first  quadri- 

•  :ral:  and  each  of  them  is  cut  in  conjugate 
r  inonic  points  by  the  other  two."  The  figure 
'  ned  by  three  such  quadrilaterals  is  called  by 

•  'not  a  comjilete  quadrilateral— Given  in  posi- 
>  :  one  pair  of  opposite  sides  of  a  quadrilateral, 

the  point  of  intersection  of  the  other  pair,  to 
the  locus  of  the  intersection  of  the  diagonals 
!f  is,  the  diagonals  as  commonly  understood). 
A  R  and  A  c  be  the  lines  given  in  position 
a"  the  given  point  (see  last  figure) ;  then,' 
idntersection  of  the  diagonals  of  the  quadri- 
tal  c  b'  d  B  will  evidently  lie  on  the  bar- 
ic conjugate  of  a"  a,  with  respect  to  a  n  and 
I  namely  a  a'.  This  line  is  then  the  required 
— Let  a  right  line  rem/ve  rounda  given  point 
'  cut  two  given  right  lines  v  a'  and  v  u'  in 
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that  its  reciprocal  shall  be  equal  to  the  sum  of  the 
reciprocal^  pjfo  A  and  o  b  (more  concisely  thus  : 


1 

o  X 


O  A 


-V 

o  By 


the  point  X.     (0  x,  p  A,  o  b,  are 


;  required  the  locus  of 

,  ^  -  ^,  — -  supposed 
to  be  taken  in  the  same  du-ection.)  Draw  any 
line  from  0,  and  let  a'  and  b'  be  the  points  where 
it  cuts  the  given  lines ;  cut  a'  b'  in  p',  -so  that 
a'  p'  :  b'  p'  :  :  0  a'  :  o  b'  (Euclid,  b.  vi.,  prop. 
10)  ;  join  0  V  and  V  p' ;  then  a  right  line  bi- 
secting o  V  and  parallel  to  v  p'  will  be  the  locus 
required.  For,  as  0  e'  is  cut  harmonically,  0  b 
is  cut  harmonically ;  thei-efore 

^  +  ^  =  2  .  J_ 

OA         OB  OP? 

but  by  the  definition  of  a  reciprocfil  (q.  v,)  it  is 
plain  that  the  reciprocal  of  half  a  line  is  double  the 
reciprocal  of  the  whole;  therefore,  as  the  line 
drawn  parallel  to  v  p  bisects  o  p,  this  parallel 
passes  through  the  point  x  in  all  its  positions. 
Q.  E.  D. — If  the  revolving  line  take  such  a  posi- 
tion that  B  comes  to  the  other  side  of  v  (a  re- 
maining on  the  same  side  as  before),  it  will  be 
found,  by  a  similar  proof,  that  it  is  cut  by  the 

same  parallel  in  a  point 


the  difference  of  —  and 

OA  OB 


so  tliat  —  equals 
ox 

In  order  to  re- 


concile this  with  the  former  result,  we  must  re- 
collect that  o  B  and  o  a,  being  now  mea- 
sured from  o  in  opposite  directions,  must  have 
different  signs.— Let  us  now  suppose  the  re- 


nd  B ;  kta  portion  ox  be  taken  on  it,  such 


volving  line 
right  lines 


to 
in  A, 


Fig.  6. 

cut  any  number  of  given 
B,  c,  &c.,  and  let  o  x  bo 


taken  (in  the  same  du-eclion  with  o  a,  o  n  "&c 


so  that         —  —  -|-  -L. 

ox        OA       O  1} 


+  ^-^+&c.;the 
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locus  of  xis  still  a  riyht  line. 

1_ 
ox' 


For  if  0  x'  (see 
1 


fig.)  be  taken  sncli  tliat  — =•  —  +  — 

OA  OB 


the  locus  of  x'  is  a  certain  right  line,  which  may 
be  considered  as  replacing  the  two  rigiit  lines  on 
which  A  and  b  are  supposed  to  niove ;  that  is, 
the  original  condition  now  becomes 


1 


o  X 


A  +  Jl+&c. 
ox  DC 


If  then  the  number  of  given  lines  is  three,  the 
locus  of  X  is  a  right  line  by  the  last  article;  if 
four,  the  question  is  reduced  to  the  case  of  three 
by  a  similar  process,  and  so  on  for  any  number. 
— It  cannot  easily  be  rendered  clear  how  very 
far  this  simple  method  may  be  extended.  The 
general  nature  of  the  subject,  however,  may  be 
gathered  from  the  foregoing  cases. 

Triaiigiilatioii.  In  surveying,  where  it  is  ne- 
cessary to  measure  many  distances,  the  following 
process  is  adopted.  A  base  line  is  measured  with 
all  imaginable  precautions.  Then  some  point 
whose  distance  we  wish  to  know,  if  it  be  visible, 
(if  not,  some  point  in  its  direction)  is  taken  as  the 
vertex  of  a  triangle  of  which  this  line  is  the  base; 
the  angles  of  the  triangle  are  measured  by  the 
theodolite,  and  the  sides  calculated.  Hence  we 
have  two  new  bases ;  and  we  can  evidently  go 
on  multiplying  these  to  any  extent,  until  we  get 
the  successive  distances  which  we  desire  to  mea- 
sure, as  sides  of  triangles  whose  base  and  whose 
angles  are  known.  The  process  of  measurement 
of  lines  on  the  earth  is  so  long,  requires  so  vaaay 
precautions,  and  is,  after  all  in  many  cases  so 
uncertain,  that  surveyors  replace  it,  as  much  as 
possible,  by  the  simple  measurement  of  angular 
space. 

-TrigonomctiT.  The  name  given  to  that 
portion  of  mathematics  whose  object  it  is  to 
determine  the  unknown,  from  adequate  known 
portions  of  triangles.  Plane  trigonometry  has 
reference  to  the  case  of  plane  rectilinear  triangles. 
Spherical  trigonometry  to  the  triangles  formed  by 
the  intersection  of  three  great  circles  on  the  sur- 
face of  a  sphere.  The  latter,  indeed,  should  rather 
take  its  name  from  the  nature  of  the  problem 
which  it  really  undertakes  to  resolve, — viz.,  to 
ascertain  all  the  relations  incident  on  the  vaxy- 
ing  intersections  of  planes.  Tlie  methods  and 
contents  of  both  portions  of  the  subject,  must  be 
sought  in  specific  treatises,  of  which  there  are 
now  very  many  of  high  excellence.  The  Arith- 
metic of  Sines,  or  analytical  trigonometry,  as  it 
is  called,  is  an  elementary  portion  of  analysis, 
quite  indisjjensable. 

Xropicnl  Venr.    See  Cycle  and  Chuono- 

IX)GY. 

Tropics.  The  circles  of  the  earth  2.3^°  on 
each  side  of  the  Equator  are  called  the  Tropics. 
The  upjier  is  that  of  Cancer,  the  lower  that 
of  Capricorn. 

'Jt'ubiilnr  JBridgc.   Sec  Bridge. 
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Turbine.    See  Watkr  Wheel. 

TM'iliglit.  The  earth  as  it  turns  on  its  axis 
exposes  different  parts  of  its  surface  successively 
to  the  radiation  of  the  sun.  The  rays  of  light 
proceed  in  straight  lines,  and  if  no  reflecting  or 
refracting  medium  interfered  in  their  course,  they 
could  only  illumine  a  hemisphere  of  the  globe 
at  a  time,  the  other  half  being  involved  in  the 
shadow.  The  line  which  separates  these  divides 
the  day  from  the  night,  and,  in  one  of  its  halves, 
constitutes  the  dawn,  and  in  the  other  the  sunset. 
As  the  earth  rotates  on  its  axis  in  twenty-four 
hours,  the  lines  of  illumination  must  pass  round 
the  whole  circumference  in  the  same  time,  or  at 
a  rate  of  15°  in  the  hour.  If  the  sun  were 
always  in  the  prolongation  of  the  plane  of  the 
equator,  and  the  earth  were  stripped  of  its  atmo- 
sphere, the  days  and  nights  over  the  whole  globe, 
and  at  all  times,  would  be  equal,  and  total  dark- 
ness would  instantaneously  succeed  to  the  mo- 
ment of  sunset.  Instead  of  this,  nature  supplies  the 
variety  of  the  seasons  and  the  gentle  progression 
of  twilight,  the  effects  of  which  are  so  admirable, 
and  their  recurrence  of  such  infallible  regularity, 
that  no  one  can  be  indifferent  as  to  the  causes  by 
which  they  are  produced.    In  fig.  1,  let  c  repre- 


Fig.  I. 


sent  the  sun,  and  the  dotted  line  surrounding  it 
the  earth's  orbit.  If  s  p  n  o  represent  the  earth 
in  such  a  position  that  its  axis  n  s  is  at  right 
angles  to  the  line  extending  to  the  sun,  then,  as 
the  diagram  shows,  the  circle  of  illumination 
would  extend  through  both  poles,  and  any  point 
on  the  surface  of  the  globe,  for  instance  the  point 
0,  in  its  progress  of  rotation  in  the  circle  o  p, 
would  be,  during  an  equal  period  of  time,  in  the 
shadow  and  in  the  light,  or,  in  other  words,  the 
day  and  night  would  be  equal,  and  this  would 
hold  over  the  whole  surface.  If,  however,  the 
axis  s  n  remain  parallel  to  itself,  while  the  whole 
globe  advances  to  another  point  in  the  orbit,  or 
to  the  position  shown  at  s'  p'  n'  o',  then  t^ie  cirde 
of  illumination  L  I'  does  not  now  reach  through 
both  poles,  but  is  inclined  to  the  axis,  so  that 
any  point,  sucli  as  o',  is  not,  in  its  progress  round 
the  axis  s  w,  an  equal  period  in  liglit  and  dark- 
ness, and  the  daj-s  and  nigiits  are  unequal.  Thus, 
to  the  simple  contrivance,  that  the  axis  of  rota- 
tion should  not  be  at  right  angles  to  the  plane  of 
the  orbit,  are  all  the  varieties  of  sunmier  and 
winter  niainly  due.  As  has  been  already  me"' 
tioned,  if  the  rays  of  light  (which  in  free  spacfr 
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proceed  in  straight  lines)  in  their  course  from  the 
sun  along  the  surface  of  the  earth,  encountered 
no  substance  capable  of  clianging  their  direction, 
daj'light  would  be  instantly  changed  into  darli- 
ness  at  sunset,  and  the  glare  of  day  would  take 
the  place  of  the  soft  growth  of  the  morning.  In 
the  explanation  of  such  phenomena,  it  is  more 
convenient  to  suppose  that  the  sun  moves,  and  that 
the  earth  remains  at  rest ;  and  as  the  results  for 
such  purposes  are  the  same,  this  moile  may  be 
here  adopted.    In  fig.  2,  if  A  o  represent  the  line 


Fig.  2. 

I  of  illumination  on  the  earth,  and  s  the  sun  giv- 
:  ing  out  the  rays  of  light,  as  shown  by  the  dotted 
:  lines,  then  an  observer  at  o  would  see  the  sun 
;  along  the  line  o  s,  and  apparently  resting  on  the 
1  horizon.  If  the  sun  descends  in  the  least  degree 
1  farther  as  to  s',  then  no  rays  could  reach  the  ob- 
:  server  at  o.  The  ray  s'  l,  which  is  the  nearest 
:  to  him,  would  graze  along  the  surface  at  l,  and 
1  pass  away  into  space.  All  those  in  a  lower  po- 
!  sition  being  totally  intercepted,  he  would  be  left 
iin  darkness.  If,  however,  any  substance  par- 
1  tially  transparent,  and  yet  capable  of  reflecting 
1  light,  surrounded  the  earth,  such  rays  as  s'  l 
I  miglit  be  turned  back  again,  and  reach  the  ob- 
i  server  at  <>,  and  thus  cause  a  partial  illumination 
I  of  the  shadow  of  night.  Such  a  substance  sur- 
I  rounds  the  earth  as  its  atmosphere,  and  to  it  the 
I  phenomena  of  twilight  are  due.    In  fig.  3,  let 


Fig.  a. 

'  o  8.  as  before,  represent  the  horizon  of  an  ob- 
server at  o,  then  3  would  be  the  lowest  pusition 
in  which  the  sun  could  be  in  order  that  his  rays 
might  reach  o ;  but  if  the  dotted  curve  indicate 
the  surface  of  the  atmosphere  of  which  a  is  one 
'Of  the  highest  particles,  then  the  sun,  after  hav- 
idng  descended  to  s',  will  still  illuminate  the  air 
ccontained  in  a  m,  a,  all  of  which  is  above  the 
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horizon  of  o,  and  will,  therefore,  be  visible  from 
it,  and  of  course  contribute  to  its  illumination  by 
reflection.  Even  when  a  has  descended  to  s",  a 
portion  of  illuminated  atmosphere  at  a'  will  still 
be  visible  from  o,  but  beyond  (his  all  will  be 
darkness.  It  is  obvious,  that  the  duration  of 
twilight  will  depend  chiefly  on  the  height  to 
which  tlie  atmospliere  extends  above  the  surface 
of  the  earth.  The  duration  of  twilight  and  the 
height  of  the  atmosphere  are  so  connected  together 
that  the  one  can  be  deduced  from  the  other,  and, 
indeed,  this  is  the  chief  means  by  which  the 
height  of  the  atmosphere  has  been  estimated. 
The  nature  of  such  a  calculation  may  be  under- 
stood from  fig,  4.    If  A  represent  the  portion  of 


Fig.  4. 

atmosphere  seen  from  o  to  be  last  illuminated  in 
ttie  western  horizon,  just  as  twilight  ends,  the 
height  M  A  is  that  which  is  to  be  determined. 
This  will  be  got  if  c  A  be  found,  as  c  m  is  knovra 
to  be  about  4,000  miles — viz.,  the  radius  of  the 
earth.  Now,  in  the  triangle  c  o  A,  c  o  is  4,000 
miles,  the  angle  at  o  is  90",  and  the  angle  a  C  o 
equal  to  half  the  angle  o  c  h  (the  lines  o  a  and 
H  a  being  tangents  applied  to  the  surface,  and 
C  A,  drawn  to  their  point  of  contact,  necessarUv 
dividing  the  angle  at  o  into  two  equal  parts  be- 
cause of  the  symmetry).  If,  therefore,  we  get 
the  angle  o  c  H,  we  get  its  half,  viz.,  A  c  o. 
But,  producing  c  h  to  n,  the  triangles  n  o  c  and 
N  n  A  are  similar,  having  each  a  right  angle, 
and  the  common  angle  at  N.  Hence  the  angle 
at  c  is  equal  to  the  angle  s  A  i-i,  ljut  s  a  u  is 
tlie  depression  of  the  sun  below  the  horizon  at 
the  instant  twilight  ends : — if,  therefore,  this  can 
be  got,  the  angle  oca,  which  is  equal  to  its 
half,  is  found,  and  the  side  c  a  is  computed  by 
the  formula, 

c  o 

O  A  =  . 

cos  O  C  A 

The  depression  of  the  sun  below  the  horizon  at 
the  termination  of  twilight  cannot,  of  course,  be 
directly  measured;  but  it  can  bo  certainly  in- 
ferred, from  the  well  known  circumstances  of  the 
earth's  rotation.  The  simplest  case  will  bo  to 
suppose  the  observer  on  the  equator,  and  the 'sun 
also  in  the  equinoctial;  when  it  appears  to  de- 
scend vertically  on  the  horizon,  and  occupies 
as  much  time  under  as  above  it.     As  the  wliole 

^';"f,.no  P'''''"f''  ''"""'^       complete  circumference 
of  .JGO  IS  twenly-lbur  hours,  th.i  rate  of  descent 
13  16  to  the  hour.    Now,  in  such  circmnstances 
It  IS  observed  that  the  duration  of  twilight  is  an 
hour  and  twelve  nrinutes,  which  corresponds  to 
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1 8°.  Thus  it  is  concluded  that  the  sun  must  be 
18°  under  the  horizon  of  any  phice,  before  the 
twilight  can  end.  The  angle  o  c  a  is  then  9°, 
and  the  computation  runs  thus — 

4,000      4,000  ., 

c  A  =  or  -J        =  4,052-6  miles, 

cos  9  987 

tlien  subtracting  o  c,  the  earth's  radius,  or  4,000 
miles,  we  get 

M  A  =  52-6  miles. 
It  is  from  such  a  calculation  fhat  the  height  of 
the  earth's  atmosphere  is  generally  said  to  be 
forty-five  or  fifty  miles.  It  is,  however,  obvious 
that  very  great  accuracy  cannot  be  attributed  to 
such  a  method,  as  it  has  been  taken  for  granted 
that  the  rays  of  light  have  been  only  once  re- 
flected from  the  air.  But  if  we  suppose,  in  fig.  3, 
that  the  light  which  strikes  a'  could  be  thrown 
on  to  A  to  be  then  again  reflected,  and  so  on,  it 
is  evident  that  the  sun  might  descend  below  s" 
without  causing  the  total  cessation  of  twilight. 
Again,  the  rays  s"  a'  have  to  penetrate  the  dense 
strata  of  air  close  to  the  earth  before  they  reach 
A,  where  they  are  reflected  by  only  an  attenuated 
atmosphere  ;  and  they  have  again  to  pass  down 
through  the  dense  air  close  to  the  surface,  along 
the  line  a  o,  before  they  reach  the  observer  at  o 
— all  of  which  circumstances  cause  a  doubt  as  to 
the  results  of  this  calculation. — Other  methods 
have  been  applied  to  the  same  problem,  particu- 
larly those  resulting  from  the  observation,  not  of 
the  solar  depression  at  the  termination  of  twilight, 
but  rather  of  the  solar  depression  corresponding 
to  the  altitudes  of  what  is  called  the  crepuscular 
and  anticrepuscular  curves.  By  inspection  of 
fig.  3,  it  is  apparent  that,  at  the  moment  of  sun- 
set, the  whole  portion  of  the  atmosphere  visible 
from  o,  viz.,  f  a  a',  is  illuminated  by  direct 
sunshine;  but  as  the  sun  descends  below  the 
horizon,  a  part  of  the  air  near  f  Avill  be  in  sha- 
dow, and  that,  as  s  descends  lower  and  lower, 
tlie  shadow  will  rise  higher  and  higher  in  the 
air,  appearing  with  a  curved  outline,  which 
ascends  in  the  eastern  sky.  It  is  called  the  anti- 
crepuscular  curve  till  it  reaches  the  zenith,  when 
s  is  at  such  a  position  as  s',  after  which,  as  the 
sun  sinks  still  lower,  it  also  sinl?s  towards  the 
western  horizon,  and  is  named  the  crepuscular 
curve,  finishing  by  totally  disappearing  as  a  faint 
glow  close  to  the  earth  as  twilight  terminates. 
A  pure  and  transparent  atmosphere,  sucli  as  tliat 
of  the  summits  of  high  mountains,  is  most  fa- 
vourable for  tlie  observation  of  such  curves.  They 
have  been  made  the  subject  of  careful  observation 
by  Saussure  and  Lambert,  and  very  recently  by 
MM.  Martins  and  Bravais,  in  their  sojourn  at 
the  summit  of  the  Faulhorn.  In  the  Anminire 
j\/eteoroh//!que  de  France  for  IS.'jO  will  be  found 
the  details  of  the  mode  in  which  they  applied 
tlieir  oljservations  to  the  determination  of  the 
height  of  the  almosi)hcre.  Their  results  are,  that 
the  height  of  the  atmosphere  is  115,000  metres, 
and  that  the  crepuscular  curve  sets  when  the  sun 
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is  17°  below  the  horizon.  They  also  state  tliat 
under  very  favourable  circumstances,  after  the 
first  crepuscular  curve  had  set,  they  could  see  a 
whitish  light  illuminating  the  sky  toward  the 
north-west.  It  faded  so  gradually  away  towards 
the  zenith,  that  it  was  impossible  to  define  its 
boundary.  It  evidently  corresponded  to  parts  of 
the  air  for  which  the  crepuscular  curve  had  not 
set.  The  light  which  came  from  it  had  suffered 
a  double  reflection,  as  indicated  above  when  re- 
ferring to  the  uncertainty  of  the  evidence  of  the 
atmospheric  limits.  Among  the  most  remarkable 
circumstances  connected  Avith  the  twilight,  are 
its  very  variable  length  at  the  same  place  at  dif- 
ferent seasons  of  the  year,  and  its  variable  length 
for  places  in  different  latitudes.  Both  of  these 
are  easily  explained  by  a  more  attentive  exami- 
nation of  the  circumstances.  First,  with  r^ard 
to  the  variable  length  for  the  .■  ame  place  at  dif- 
ferent seasons  of  the  year.  It  is  well  known 
that,  at  different  seasons,  the  sun  attains  different 
altitudes  at  noon,  and  descends  in  a  course  in- 
clined at  different  angles  to  the  horizon.  In 
fig.  5,  if  G  s  represent  the  absolute  vertical 


Fig.  5. 

depth  of  18°  below  the  horizon,  which  requires 
to  be  attained  by  the  sun  before  twilight  caa 
end,  tlien  it  is  obvious  that  this  will  be  soon 
reached  by  a  passage  vertically  downward  ( 
occur  for  places  at  which  the  smi  is  vertical  at 
noon),  than  for  cases  such  as  f  s  or  e  s,  wliere  a 
much  longer  course  requires  to  be  run  before  a 
depth  G  s  can  be  obtained.  It  is  also  obvious 
that  for  places  at  which  for  any  season  of  the 
year  the  sun  never  descends,  even  when  due 
north  or  south,  18°  below  the  horizon,  there 
can  be  no  real  night  This  is  the  case  with 
every  place  for  which  the  least  polar  distance  of 
the  sun  is  only  18°  greater  than  the  latitude. 
The  latitude  of  Glasgow  is  55°.  .56',  hence,  if  we 
add  to  that  18°,  we  get  73°.  .56'.  Now,  the  least 
polar  distance  of  the  sun  is  at  midsummer  6  7*^, 
so  that  on  the  22d  of  June  the  sun  only  descends 
11°.. 4'  below  the  horizon.  Twilight  is  never 
extinguished  during  the  night  from  the  time  the 
polar  distance  of  the  sun  becomes  less  than 
73°.. 56'  till  it  attains  it  again  as  the  sun  proceeds 
south  with  the  advancing  season.  The  same 
considerations  will  easily  show  that,  for  places 
still  nearer  the  poles  the  twilight  will  be  more 
and  more  perfect,  till  we  reach  a  position  where, 
during  the  summer,  for  days  and  weeks  togetlier, 
the  sun  never  sets — all  of  which  can  be  readily 
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understood  by  reference  to  the  change  of  llie  lines  of 
illumination  at  various  positions  of  tlie  globe,  in 
such  a  diagram  as  fig.  1.    Setting  out  from  these 
iirinciples,  it  is  easy  to  compute  the  duration  of 
vilight  at  any  place  and  for  any  season  of  the 
i  ear,  by  means  of  the  formula  of  Spherical 
Trigonometry  and  the  co-ordinates  of  the  sun, 
as  supplied  by  any  astronomical  ephemeris. 
Twilight,  in  all  climates  and  at  all  seasons  of 
the  year,  is  distinguished  and  adorned  by  the 
rich  colour  then  assumed  by  the  atmosphere. 
!  In  general,  in  low  countries  and  in  deep  valleys, 
:  where  the  moisture  of  the  air  is  liable  to  great 
variations,  the  tints  of  colour  which  succeed  to 
1  junrise  and  sunset  are  subject  to  great  variety, 
and  can  scarcely  be  said  to  be  reducible  to  any 
1  i  law  or  distinct  order ;  but  on  mountainous  ele- 
'  /ations  where  the  strata  through  which  the  cre- 
1  nuscular  curves  are  seen  is  more  imiform  in  com- 
!  J  30sition,  the  tints  observable  succeed  each  other 
f  vith  far  greater  regularity.    Thus,  on  the  Faul- 
I  i  lorn,  M.  Bravais  observed  the  following  changes 
1  )f  colour  as  the  sun,  in  rising,  approached  the 
lorizon.    The  zenith-distance  greater  than  90° 
^'nifies  that  the  sun  had  not  yet  risen.  1st, 
he  zenith-distance  of  the  sun  is  102°.    In  the 
ast,  a  red  or  orange  band,  of  which  the  altitude 
-  0°  ;  the  height  of  the  crepuscular  curve  is  70°- 
lie  space  comprised  between  these  two  arcs  is  of 
bluish-white,  clearer  than  the  remainder,  of  the 
2d,  The  zenith-distance  of  the  sun  is  98°. 
lie  part  of  the  sky  from  the  horizon  to  1°..15' 
ititude,  is  red ;  above  this  a  yellow  tint  prevails 
p  to  3°..  10'.    The  green  begins  to  show  above 
Ills,  and  extends  to  5°  in  height ;  still  higher  a 
eble  blue  shade  appears,  extending  to  a  height 
f  25°,  farther  than  which  the  twihght  has  not 
et  reached.    3d,  Zenith-distance  of  the  sun 
G°.    The  elevation  of  the  orange  and  yellow 
!  ones  has  not  changed.    The  green  tint  prevails 
)  a  height  of  7°.    The  crepuscular  curve  has 
■  cached  an  altitude  of  70°.    4th,  The  zenith  dis- 
ince  of  the  sun  is  94°.    The  yellow  and  orange 
iiids  remain  at  the  same  height.    The  green 
me  extends  to  12°  ;  above  which  a  purple  tint 
'rnmences  to  show  itself,  in  favourable  circum- 
ances.    This  purple  tint  never  forms  till  the 
m  is  within  5°  of  rising,  and  never  after  it  is 
ithin  3°  of  rising.    It  attains  its  maximum  in- 
jt  -nsity  at  25°  in  height.  5th,  The  zenith-distance 
"  ■  the  sun  is  92°.   The  eastern  red  commences  to 
come  yellow.    The  superior  limit  of  the  yellow 
'iieis  always  3°.. 15".  From  this  to  18°ui  height 

I^green  colour  of  considerable  intensity  prevails. 
1 1  the  western  horizon  the  anticrepuscular  curve 
HS  reached  to  within  3°  of  the  horizon,  and  the 
lour  is  red  from  a  height  of  3°  up  to  15°.  The 
ifjnce  of  Optics  has  not  yet  sufficiently  advanced 
f  be  able  to  render  a  complete  account  of  all 


these  colours,  and  of  the  reasons  why  each  should 
be  limited  to  a  certain  altitude.    There  is  no 
doubt,  however,  but  that  the  principal  cause  of 
these  tints  is  to  be  found  in  the  fact  that  the  dif- 
ferently coloured  rays  of  which  white  light  is 
composed,  have  diff'erent  powers  of  penetrating 
the  atmosphere ;  the  most  refrangible,  such  as  the 
violet  and  blue,  being  most  easily  extinguished, 
and  the  red  having  even  a  greater  power  of  pene- 
tration than  the  yellow.    That  this  is  trne,  is 
proved  by  the  simplest  experiment  with  a  piece 
of  smoked  glass.    A  thin  layer  of  smoke  first 
extinguishes  the  blue  rays,  hence  the  transmitted 
hght  is  yellowish-red — a  greater  thickness  ex- 
tinguishes most  of  the  yellow,  and  the  rays  which 
penetrate  appear  orange.    If  still  a  deeper  de- 
posit is  interposed,  the  red  rays  alone  can  pene- 
trate.   The  simplest  observation  on  the  solar 
disc,  as  seen  through  the  smoky  atmosphere  of 
a  city,  amply  illustrates  the  same  piece  of  theory. 
It  is,  then,  to  the  unequal  powers  of  penetration 
of  the  solar  rays,  as  they  pass  through  the  densely 
vaporous  strata  of  the  lower  atmosphere,  that  the 
glories  of  twilight  are  chiefly  due.    The  blue  of 
the  mid-day  sky  is  the  colour  which  has  been 
kept  back  by  the  an-  from  the  rays  which  at  the 
same  instant  are  garnishing  the  sky  of  a  distant 
region  with  the  splendid  hues  of  sunset. 

Twinkling  of  the  Stars — ScintiUiction. 
The  twinlding  of  the  stars  need  not  be  described. 
It  seldom  occurs,  however,  unless  in  the  case  of  a 
Jixed  star — that  is  of  a  mere  Imiiinous  point.  Orbs 
that  have  apparent  discs,  such  as  the  large 
planets,  twinkle  very  rarely,  if,  indeed,  they 
ever  do  so.    The  explanation  of  the  pheno- 
menon was  first  given  by  Arago.    It  is  this: 
— Rays  of  light  coming  from  a  point  and  tra- 
versing an  atmosphere  composed  of  strata  un- 
equally hot,  dense,  and  humid,  must  travel 
with  unequal  velocities ;  and  if  these  rays  be  col- 
lected into  the  focus  of  a  lens,  as  they  are  by  the 
lens  of  the  eye,  we  shall  see  the  results  of  their 
reaching  us  in  different  phases,  by  an  alternately 
brightening  and  darkening  of  the  image  in  that 
focus.    It  is  sufEciently  clear  that  such  scintilla- 
tion can  only  take  place  if  the  rays  issue  from 
a  mere  point.    If  they  issue  from  a  disc,  i.e., 
from  many  neighbouring  points,    the  effects 
would  conflict,  and  on  the  whole  be  null.  This 
ex[)lains  also  why  the  very  faintest  stars  are 
visible  only  through  their  twinkling.  Their 
brightest  phase  is  a  phase  of  double  liyht ;  and 
they  may  be  seen  in  this  phase,  alliiough  in  their 
medium  state  they  woidd  have  always  remained 
invisible. 

Tyciioiiic  System.    The  astronomical  sys- 
tem of  Tycho  Brahe.    It  possesses  now  an  inte- 
rest merely  historical. 
Typl'oon.    See  Winds. 
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ITnilirn.    See  Penumbra  and  Eclipse. 
liiidiilatovy  Theory.    The  references  to  the 
theory  now  named,  and  the  expositions  of  its 
capabilities  already  made  in  this  Cyclopedia,  are 
so  numerous  and  full,  that  nothing  remains  as 
subject-matter  for  the  present  article  except  a 
general  summary.  The  Undulatory  Theory  in  its 
largest  acceptation  is  as  follows: — Tlie  influences 
transmitted  by  a  solar  beam,  or  probably  by  any 
source  of  radiant  light  or  heat  or  chemical 
power,  are  due  to  undulations  in  an  ethereal 
medium,  propagated  from  that  source  with  great 
velocity, — such  undulations  or  vibrations  going 
through  their  wave-phases  in  different  and,  in  all 
cases,  infinitesimal  although  measurable  periods 
of  time.    The  nature  of  the  impression  made  by 
these  vibrations  depends  on  their  rapidity.  Vibra- 
tions of  the  ether,  of  a  velocity  included  between 
400  millions  of  millions  and  800  millions  of  mil- 
lions per  second,  contain  the  entire  sphere  within 
which  the  sensation  of  light  or  colour  issues  as  a 
consequence.    Slower  vibrations  produce  the  sen- 
sation of  heat  merely;  and  quicker  vibrations 
yield  only  chemical  power.    Of  course  the  three 
effects  intermingle — the  middle  light-rays  pos- 
sessing all  the  three  efficiencies.     See  Spec- 
trum.    The  identification  of  these  three  ap- 
parently verj'  different  agencies,  may  not  pro- 
bably be  reckoned  complete  as  yet ;  nevertheless 
no  hesitation  need  be  felt  in  averring  that  the 
view  now  given  is  in  every  respect  the  most  pro- 
bable one.     The  practical  assimilation  of  the 
rays  of  invisible  heat,  with  the  rays  of  heat  that 
are  also  light-giving,  is  due  to  Melloni,  Knob- 
lauch, and  manj'  other  inquirers ;   nor  must 
mention  be  omitted  of  the  labours  of  Professor 
J.  D.  Forbes,  whose  recent  indifferent  health, 
physical   science  has  great  reason  to  regret. 
Every  inquiry  of  importance  connected  with  the 
habitudes  of  such  undulations  and  the  general 
bearings  of  the  theory,  having  its  analogue  in 
connection  with  the  Luminous  Spectrum,  we  shall 
in  this  place  merely  review  the  Undulatory  Theory 
o/"  Light.    This — perhaps  the  most  remarkable 
speculation  in  modern  physics — may  be  regarded 
under  two  aspects ;  first,  in  reference  to  its 
powfr  as  a  Geometrical  or  abstract  method  of 
comprehending  phenomena;  and  secondly,  as  & 
Physical  Theory. 

I.  The  Undulatory  Theory  viewed 
Geosietrically. — In  order  that  the  student 
appreiiend  the  true  geometrical  character  of  this 
theory,  he  must  hold  present  to  his  mind  several 
distinct  and  very  important  points. 

(1.)  General  Principles  of  Wave  Propagation. 
— The  general  nature  of  propagation  by  undu- 
latory movements  has  been  explained  under 
Waves,  and  elsewhere  in  our  pages.  The  pro- 
p.igation  of  a  Wave,  as  we  scarcely  require  to 
remark,  is  essentially  dilTcrent  from  the  motions 


of  the  particles  constituting  the  Wave.  The 
waves  of  sound,  for  instance,  or  the  pulsations  of 
the  atmosphere  that  produce  sound,  depend  for 
the  velocity  of  their  propagation  on  the  elasticity 
of  that  fluid,  while  the  waves  themselves  are  a 
succession  of  compressions  and  dilations,  in  which 
each  particle  moves  to  and  fro  within  a  varying 
but  determinate  range.    In  most  liquid  waves 
again,  thero  is  no  onward  motion  of  the  liquid 
particles  whatever — they  merely  rise  and  fall, 
or  oscillate  within  a  determinate  space  during  a 
determinate  time.    The  space  through  which  a 
molecule  rises  and  falls,  or  moves  to  and  fro,  is 
the  amplitude  of  its  vibration.  On  the  other  hand, 
an  assemblage  of  vibrating  molecules  in  all 
phases  of  a  vibration,  (no  phase  being  repeated), 
is  an  ethereal  wave,  and  the  length  of  such  an 
assemblage  is  generally  represented  by  X.    It  is 
clear  that  the  velocity  of  propagation  need  not  de- 
pend either  on  the  amplitude  or  the  quantity  X  : 
nay,  it  ma}'  be  conceived,  that  a  great  number 
of  such  waves — differing  in  their  elements — may 
co-exist,  or  form  a  sheaf  or  concurring  mass 
of  waves,  and  still  be  propagated  with  the  same 
velocity.    In  reference  to  a  large  class  of  optical 
phenomena  and  laws,  no  question  need  be  started 
as  to  the  nature  of  these  light-waves.    The  simple 
conception  of  propagation  by  undulation,  involves 
the  necessity  of  the  laws  of  Reflexion,  Kefrac- 
TiON,  Interference,  and  several  other  impor- 
tant affections  to  which  Radiant  Light  is  subject. 
— The  only  important  puzzle  as  to  the  general 
theory  of  propagation  by  waves  has  recently  been 
triumphantlj'  removed.    It  is  physically  impos- 
sible to  conceive  of  waves  diverging  from,  or 
converging  to,  a  mathematical  or  jnire  focal  point. 
But  Professor  Stokes  has  conclusivelj'  shown 
that  waves  spreading  from  an  origin  of  disturb- 
ance of  finite  magnitude  and  any  form,  sensibly 
agree  in  all  respects  with  waves  spreading  from 
a  pure  focal  point,  so  soon  as  they  have  obtained 
a  large  distance  from  the  focal  space.    So  that 
the  equations  resulting  from  the  conception  of  ab- 
solute focal  points  maybe  applied  without  sensible 
error  in  all  those  cases  in  which  it  is  usual  to 
apply  them. 

(2.)  The  general  Wave  of  Light  is  comjyosife,  or 
rather  an  aggregate  of  many  Waves. — The  general 
ligiit-wave  cannot  be  deemed  homogeneous. 
The  phenomena  of  colour,  as  evolved  by  Thin 
Plates,  in  Diffraction,  or  the  Interference 
of  common  ligiit,  and  above  all  in  Dispersion  by 
tiie  Prism  when  a  Spectntm  is  formed,  force  upon 
Theory  the  new  notion,  that  the  light- wave  is  com- 
posite. As  already  indicated  in  separate  parts  of 
our  volume,  this  composite  or  sheaf  can  be  ana- 
lyzed, and  ils  diffiTent  waves  separated.  The 
result  of  tliis  analysis,  in  connection  with  the 
colours,  whose  sensations  arc  excited  by  the  vari- 
ous waves,  is  presented  in  the  following  table  :— 
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The  difficultj'  of  a  theory  of  Dispersion,  in 
harmony  with  the  TJndulatory  Hypothesis,  is 
no-nr  entirely  resolved.  If  the  velocity  of  pro- 
pagation depended  solely  on  the  elasticity  of 
the  ethereal  medium,  as  originally  supposed, 
all  these  composite  -waves  would  of  course  be 
propagated  with  the  same  velocity,  and  there 
could  be  no  Dispersion.  But  M.  Cauchy,  taking 
a  larger  and  more  precise  view  of  the  conditions 
affecting  the  propagation  of  waves  in  a  medium 
like  that  demanded  by  the  Undulatory  Theory, 
showed  that  the  velocity  of  propagation  of  any 
■wave,  is  determined  by  the  following  formula  :— 

a,^  =  ai-\-  02  Ic'^  4-  Oi  -f-,  &c., 
where  /(;  =  __.  In  consequence  of  this  depend- 
ence of  a  upon  Jc,  there  must  be  Dispersion ;  and 
the  colour  of  any  portion  of  the  spectrum,  is  thus 
indissolubl}'  connected  with  its  refrangibilify. 
The  modification  introduced  by  M.  Cauchy,  as  the 
ground  of  the  foregoing  conclusion,  was  not  a 
specialty,  but  an  enlargement  or  fuller  view  of 
the  habitudes  of  elastic  media.  As  we  have  ex- 
plained under  Light,  he  simply  di.smisses  the 
convenient  geometrical  fiction,  that  "  the  sphere 
of  the  action,  or  of  the  vibration  of  the  separate 
mokcules,  is  infinitely  small  compared  with  the 
lenrjlh  of  the  wave." 

(3.)  Nature  or  Direction  of  the  Vibrations  con- 
stituting the  Light-wave. — Are  these  vibrations 
longitudinal,  like  those  of  the  waves  of  sound,  or 
arc  they  iramversal,  like  tliose  of  a  vibrating 
musical  string,  or  the  oscillations  of  a  particle 
in  a  liquid  wave  ?  A  question  started  by  the 
phenomenon  of  Por.AiuzATioN,  and  as  wc  have 
shown  under  that  article,  satisfactorily  resolved. 
Polarization,  or  the  presentation  sides,  by  any 
ray  or  set  of  waves,  is  impossible,  unless  the 
vibrations  constituting  these  waves  are  trans- 
verse. There  can  be  Refexion,  Refraction,  Inter- 
fcrence,  and  Dispersion  of  Sound';  but  Polariza- 
tion of  iSound  is  a  physical  impossibility.  The 
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waves  of  light  then,  must  consist  of  -vibrations 
executed  by  the  particles  of  the  ethereal  medium, 
transversely  to  the  direction  of  the  propagation  of 
these  waves.      Another  inquiry   however,  of 
much  more  delicacy,  and  concerning  which  even 
Cauchy  has   held  different  opinions,  remained 
to  be  exhausted.    A  plane-polarized  wave  is  dis- 
tinguished from  the  wave  of  common  light  in 
this:^ — The  vibration  of  the  molecules  which 
produce  it,  are,  of  course,  transversal,  like  tliose 
of  common  light :  but  further,  they  take  place 
in  one  plane,  or  may  be  represented  as  doing 
so.    Now  what  is  that  plane?    Is  it  indif- 
ferent, or  is  there  any  definite  or  fixed  plane, 
to  which  we  may  refer  it,  by  usual  mathe- 
matical symbols?    The  only  fixed  plane  indi- 
cated by  the  phenomenon  of  Polarization,  is  what 
is  rightly  termed  the  plane  of  polarization  ;  a 
plane  determined  as  follows  — In  the  case  of  a 
ray  of  light  polarized  by  reflexion,  that  plane  is 
the  plane  along  which  the  polarized  light  is  re- 
flected; but  a  more  general,  although  quite  equi- 
valent definition  is  this, — -When  a  polarized  ray 
is  extinguished  by  a  tourmaline  plate,  the  plane 
parallel  to  the  axis  of  this  plate,  is  termed  the 
plane  of  polarization  ;  when,  on  the  contrary,  the 
ray  seen  through  the  tourmaline  plate  has  its 
maximum  of  intensity,  the  plane  of  polarization 
is  perpendicular  to  the  axis  of  the  plate.  What 
relation  then  has  the  plane  in  which  the  ethereal 
molecules  vibrate,  with  this  determinate  plane  ? 
At  an  early  period  of  his  researches,  Cauchy  con- 
sidered the  two  planes  parallel,  or  rather  one  and 
the  same;  and  the  lamented  M'CuUagh  of  Dublin, 
as  well  as  Mr.  Green,  held  the  same  view. 
Cauchj',  however,  has  returned  to  the  opinion 
of  Fresnel,  viz.,  that  the  planes  are  perpendicular 
to  each  other;  and  this  supposition  promises  to 
be  a  secure  guide,  as  we  thread  the  labyrinth  of 
many  stOl  obscure  phenomena,  especially  those 
of  elliptic  polarization  by  reflexion.  It'cannot 
indeed  be  now  held  as  a  mere  assumption.  Pro- 
fessor Stokes  (see  Diffraction  in  Appendix) 
has  devised  and  executed  an  experiment  which 
must  be  termed  a  crucial  one,  cleai-ly  indicating 
tlie  perpendicularity  of  the  plane  of  vibration. 
The  doctrine  in  question  may  thus  be  held  as  the 
new  and  most  recent  fact  regarding  the  undula- 
tions that  determine  the  phenomena  of  Light. 

(4.)  Other  special  habitudes  of  the  I.ight-wave, 
and  of  the  Elastic  Ether  or  Medium. — Difficulties 
however,  and  those  of  no  light  order,  still  re- 
main and  are  brought  under  notice  in  a  man- 
ner quite  similar  to  tlie  procedures  that  revealed 
'■'Perturbations"  amid  the  celestial  mechanism. 
Tiie  non-existence  of  an  absolute  angle  of  polar- 
ization, or  rallior  its  identity  with  an  angle  of 
ma-vimum  polarization,  as  well  as  the  entire 
phenomena  of  tlio  resolution  by  reflexion  of  a 
plane -polarized  ray  or  of  a  ray  of  common 
hglit,  nito  rays  circularly  or  elliptieally  polar- 
ized—(tlic  plane-polarized  ray  being  merely 
that  case  of  elliptieally  polarized  light  iu  which 
859 
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the  minor  axis  of  the  ellipse  is,  to  the  senses, 
indefinitely  small),  —  these  and  other  pheno- 
mena demand  the  introduction  of  other  hy- 
potheses in  order  that  they  may  be  geometri- 
cally resolved.    It  has  become  necessarj^,  there- 
fore, to  fall  back,  to  some  extent,  on  molecular 
physics,   and   to  inquire    into   the  accidents 
that  may  occur,  in  consequence  of  certain  dis- 
turbances in  that  elastic  medium  whose  general 
afitections  have  already  been  defined.   These  most 
recent  and  subtle  modifications  of  the  former 
rather  confined  theory,  are  due  to  M.  Cauchy ; 
although,  in  one  very  important  point  the  truth 
was  discerned  by  our  excellent  Green,  and  the 
doctrine,  iu  other  respects— although  madequately 
— carried  out  by  another  inquirer  of  truest  genius, 
M'CuUagh.    Cauchy  soon  pierced  beyond  these 
more  general  actions  and  modifications  of  the  ethe- 
real medium.    He  saw,  stated,  and  calculated 
the  effects  of  two  grand  truths.    First,  that — 
on  the  disturbance  of  any  transverse  wave,  pro- 
pagated through  an   elastic  medium  of  any 
nature— there  must  be  generated,  along  with  the 
transverse  wave,  a,  normal  wave,  or  a  wave  whose 
du-ection  is  perpendicular  to  the  face  of  the 
wave.     Mr.  Green,  along  with  M.  Cauchy, 
attributes  to  this  normal  wave  the  effect  of  those 
alterations  of  phase  in  the  two  oppositely  polar- 
ized waves  constituting  a  common  ray,  which 
give  rise  to  the  class  of  phenomena  designated 
as  elliptical  polarization.    Secondly,  the  i7iten- 
sities  of  the  reflected  beams,  on  the  other  hand, 
are,  as  M.  Jamin  has  shown,  deducible  from 
other  formulse  by  M.  Cauchy,  m  which  the 
effects  of  extinction,  by  the  media,  are  held 
iu  account.— Nothing,  at  present,  is  more  ear- 
nestly to  be  desired  by  students  of  physical 
optics,  than  that  M.  Cauchy  should  devote  his 
leisure  to  the  production  of  a  full  and  coutmuous 
view  of  Molecular  Physics,  as  connected  with  the 
Undulatory  Theory  of  Light.  No  other  inquirer 
could  do  this  so  well ;  no  living  man  has  so 
thorough  a  right  to  assert  that  by  his  formulas 
he  has  established  the  laws  of  phenomena 
discerned  since  these  formulsB  were  produced, 
—formulse  rested  on  pure  a  priori  grounds. 
Cauchy  states  that  several  theoretical  conse- 
quences of  the   Undulatory  Theory  of  light 
may  still    be  verified :  for  instance,  he  avei-s 
that  the  normal  wave  of  Green,  which  is 
also  at  the  root  of  many  of  his  own  con- 
clusions, must  be  distinctly  and  individually 
visible,  so  soon  as  we  obtain  telescopic  and 
microscopic  powers  that  will  enable  us  to  dis- 
cern the  diameter  or  true  disc  of  SiRius.— 
In  the  meantime,  a  geometrical  difficulty  of  an- 
other kind  presses  itself  on  notice.  According 
to  all  conceptions  hitherto  entertained,  the  velo- 
city of  a  wave  on  entering  a  Medium  whose 
elasticities  vary  according  to  direction— say  a 
crysUil  with  more  than  one  geometrical  axis- 
ought  to  depend  on  the  direction  of  propa- 
gation 
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which  has  been  confirmed  by  experiment — the 
theory,  viz.,  of  transverse  perpendicular  vibra- 
tions— the  velocity  of  the  ray  within  that  medium 
must  depend  solely  on  the  direction  of  the  trans- 
versal characteristic  of  the  movement  propagated. 
The  difficulty  is  a  serious  one,  and  ought  to  be 
grappled  with.  It  has  been  suggested  that  the 
elasticity  of  the  luminiferous  medium  may  be  the 
same  in  all  directions  and  in  all  substances  ;  but 
that  the  inertia  of  the  mass  set  in  motion  may 
be  different  in  diiferent  substances,  and  in  doubly- 
refractmg  bodies,  different  also  for  diflerent  di- 
rections of  the  transversal  characteristic  of  the 
movement  propagated. 

II.    The  Undulatory  Theoey  viewed 
Physically. — What  is  this  Ether,  and  how  are 
these  geometrical  undulations  really  produced  ? 
Are  they  more  than  abstract  or  Mathematical 
Entities,  indicative  perhaps,  m  its  highest  empi- 
rical form,  of  some  grand  ultimate  Law?  It 
cannot  be  denied  that  great  physical  difficulties 
exist,  in  the  way  of  imagining  the  reality  of 
an  Ether,  such  as  these  geometrical  exigencies 
demand.     It  must  be  a  substance,  constituted 
to  resist  almost  entirely,  longitudinal  disturb- 
ance; for,  notwithstandmg  the  normal  evanes- 
cent waves  of  Green  and  Cauchy,  it  is  clear 
that  transversal  vibrations  must  proceed  within 
it,  of  immense  velocity,  and  be  propagated  with 
great  ease,  while  longitudinal  vibrations  are 
scarcely  propagated  at  all.    How  can  an  ether  of 
this  sort  be  fancied,  in  consistency  with  the  com- 
paratively free  movements  of  the  Pknets  ? 
Encke's  comet  indeed  indicates  the  reality  of 
a  resisting  medium ;  but  a  medium  of  the 
kind  of  which  we  have  been  speakmg,  ought, 
if  our  existing  physics  are  correct,  to  have 
made  its  substantiality  manifest  by  other  and 
indisputable  tokens.    Without  departing,  how- 
ever, from  the  general  foundations  of  this  Theorj', 
other  ^dews  of  its  physical  cause  may  be  en- 
tertained: in  illustration  of  the  possibility  of 
which  we  give  the  substance  of  a  modification 
very  recently  proposed— that,  viz.,  which  Pro- 
fessor Kaukine  has  denominated  an  Osciilatoi-y 
Theory.    The  subjoined  extract  is  from  a  paper 
read  before  the  British  Association  at  Hull,  in 
1853 — "The  hypothesis  now  to  be  proposed 
as  a' gvoimdv^oTk  for  the  undulatory  theory 
of  light,  consists  mainly  in  conceiving  that  the 
luminiferous  medium  is  constituted  of  detached 
atoms  or  nuclei  distributed  throughout  all  space, 
and  endowed  with  a  peculiar  species  of  polarity, 
in  virtue  of  which  three  orthogonal  axes  m  each 
atom  tend  to  place  themselves  parallel  respec- 
tively to  the  corresponding  axes  iu  every  other 
atom ;  and  that  plane-polarized  light  consists  m 
a  small  oscillatory  movement  of  each  atom  round 
an  axis  transverse  to  the  direction  of  propaga- 
tion.   Such  a  movement  would  be  transmitted 
through  such  a  medium  with  a  velocity  pro- 
portional,—directly,  to  the  square  root  of  the 
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atoms  in  a  given  small  space,  upon  those  in  a 
given  adjacent  small  space  lying  in  the  direction 
of  propagation,  in  consequence  of  a  given  amount 
of  relative  angular  displacement  round  the  axis 
of  oscillation  ; — and  inversely,  to  the  square  root 
of  the  sum  of  the  moments  of  inertia  round  the 
axes  of  oscillation  of  the  atoms  contained  in  a 
given  space,  loaded  with  such  portions  of  mole- 
cular atmospheres  surrounding  them  as  theyma}"^ 
carrj-  along  with  them  in  their  oscillations.  Then 
denoting  hy  h,  the  velocity  of  transmission  in  a 
given  direction  of  plane-waves  of  oscillation 
round  transverse  axes  parallel  to  a  given  line ; 
C,  a  co-efficient  of  polarity  or  rotative  force  for 
the  given  directions  of  propagation  and  of  axes ; 
M,  a  co-efficient  of  moment  of  inertia  for  the  given 
direction  of  axes;  the  above  principle  may  be 
represented  by  this  equation. 

The  co-efficient  of  polarity  in  question  is  proper 
only  to  an  axis  of  oscillation  transverse  to  the 
direction  of  propagation.  To  account  for  the 
stability  of  direction  of  the  axes  of  the  atoms, 
and  also  for  the  non-appearance,  in  ordinary 
cases,  of  phenomena  capable  of  being  ascribed  to 
oscillations  round  axes  parallel  to  the  direction  of 
propagation,  it  is  necessary  to  suppose  the  cor- 
responding co-efficient  for  the  latter  species  of 
oscillations  to  be  much  greater  than  tlie  co-effi- 
cient for  transverse  axes  of  oscillation. — It  is 
evident,  that  how  powerful  soever  the  polarity 
may  be,  which  is  here  ascribed  to  the  atoms  of 
the  luminiferous  medium,  it  is  a  kind  of  force 
which  must  be  absolutely  destitute  of  direct 
influence  on  resistance  to  change  of  volume  or 
change  of  figure  in  the  parts  of  that  medium, 
or  of  any  body  of  which  that  medium  may 
form  part ;  and  that,  consequently,  the  difHcultj' 
which  in  the  hypothesis  of  vibrations  arises 
from  the  necessity  of  ascribing  to  the  luminifer- 
ous medium  properties  like  those  of  an  elastic 
solid,  has  no  existence  in  the  hypothesis  of 
oscillations  now  proposed.  The  luminiferous 
atoms  may  now  be  supposed  to  be  diffused 
throughout  all  space,  and  as  molecular  nuclei, 
throughout  all  bodies;  the  distribution  and 
motion  of  their  centres  being  regulated  by  forces 
wholly  independent  of  tluit  species  of  polarity 
which  Is  the  means  of  transmitting  a  state  of 
oscillation  round  those  centres, 

"  (3-)  Qf  tlie  iJijfruclion  of  Plane -polarized 
Liffhl,  and  (he  relation  of  Axes  of  Oscillation  to 
Planes  of  Polarization. — In  the  diflraction  of  an 
oscillatory  movement  round  transverse  axes  past 
the  edge  of  an  obstacle,  a  law  holds  good  exactly 
analogous  to  that  demonstrated  by  Professor 
Stokes  for  a  transverse  vibratory  movement,  sub- 
stituting only  the  axis  of  oscillation  for  the  direc- 
tion of  vibration;  that  is  to  say, — 7'//,e  direction 
of  tlie  axes  of  oscillation  in  the  diffracted  wave  is 
the  projection  of  that  of  the  axes  of  oscillation  in 
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the  incident  wave  on  a  plane  tangent  to  the  front 
of  the  diffracted  wave. — Consequently,  oscilla- 
tions in  the  incident  wave,  round  axes  oblique  to 
the  diffracting  edge,  give  rise  to  oscillations  in 
the  diffracted  wave  round  axes  more  nearly 
parallel  to  the  diffracting  edge.  But  the  ex- 
periments of  Professor  Stokes  have  proved, 
that  light  polarized  in  a  plane  oblique  to 
the  diffracting  edge,  becomes,  after  diffraction, 
polarized  in  a  plane  more  nearly  perpendicular  to 
the  diffracting  edge. — Therefore  the  axes  of  oscil- 
lation in  plane-polarized  light  are  perpendicular 
to  the  plane  of  polarization. — Therefore  the  velo- 
city of  transmission  of  oscillations  round  trans- 
verse axes  through  the  luminiferous  medium  in 
a  crystalline  body  is  a  function  simplj'  of  the 
direction  of  the  axes  of  oscillation. — Now  if  the 
variations  of  the  velocity  of  transmission  arose 
from  variations  of  the  co-efficient  of  transverse 
polarity  (denoted  bj'  c),  they  would  depend  on 
the  direction  of  propagation  as  well  as  upon  that 
of  the  axes  of  oscillation,  so  that  the  plane  of 
polarization  would  be  that  which  contains  these 
two  directions.  Since  the  velocity  of  transmis- 
sion depends  on  the  direction  of  the  axes  of  os- 
cillation only,  it  follows  that  its  variations  in  a 
given  crystalline  medium  arise  wholly  from 
variations  of  the  moment  of  inertia  of  the  lumi- 
niferous atoms,  together  with  their  loads  of  ex- 
traneous matter. — Consequently  the  co-efficient  of 
polarity  c  for  transverse  axes  of  oscillation  is  the 
same  for  all  directions  in  a  given  substance. — 
To  account  for  the  known  laws  of  the  intensity 
and  phase  of  reflected  and  refracted  light  con- 
sistently with  the  hj'pothesis  of  oscillations,  it  is 
necessary  to  suppose  also  that  this  co-efficient  is 
the  same  for  all  substances ;  so  that  the  varia- 
tions of  the  velocities  of  light  and  indices  of 
refraction  for  different  media  depend  solelj'  on 
those  of  the  moments  of  inertia  of  the  loaded 
luminiferous  atoms. 

"(4-)  Of  the  Wave-surface  in  Crystalline 
Bodies. — Let  the  axes  of  co-ordinates  be  those  of 
molecular  symmetry  in  a  crystalline  medium. 
Let  Mj,  M2,  M3  be  co-efficients  proportional  to  thu 
moments  of  inertia  of  the  luminiferous  atoms 
with  their  loads  of  extraneous  matter,  round 
axes  parallel  to  x,  y,  z  respectively.  Let  r  be  a 
radius  vector  of  the  diverging  wave-surface  in 
the  direction  (a,  /3,  y).  Then  the  equation  of 
that  surface  for  polar  co-ordinates  is 

1       1    1  r 

?~r2'c"  i("2  +  M3)  cos  -}- 
(M3  +  Mj)  cos     -t-  (mj  -j-  M2)  cos  V] 
1    1  r 

+  —J  [1^2  M3  cos  "-a  +  M3  Mo  cos  2^  _|_ 

Mg  cos  "y]  =  0  ; 

and  for  rectangular  co-ordinates, 
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_!  (a;2  -f  2/*  +       •  (M2  Ms  a:-  +  JI3  Ml  2/- 

-|-    JIi  M2  2=)  —  —  [(M2  +  M3)  + 

(M3  +  Ml)  y\  +  (Ml  +  M2)  a;^]  +  1  =  o. 

Tlxe^  above  equations  are  exactly  those  of 
Fresnel's  -wave-surface,  witli  the  foUo^ralg  semi- 
axes  : — 


the  squares  of  the  semi-axes  of  the  waversurface 
along  each  axis  of  co-ordinates  being  inversely 
proportional  to  the  moments  of  inertia  of  the 
loaded  luminiferous  atoms  in  a  given  space  round 
the  other  two  axes  of  co-ordinates.  The  plane  of 
polarization  at  each  point  of  the  wave-surface  is 
perpendicular  to  the  direction  of  greatest  decli- 
vity.— The  equation  of  the  index  surface,  whose 
radius  in  any  direction  is  inversely  proportional 
to  the  normal  velocity  of  the  wave,  is  formed 
from  that  of  the  wave-surface  by  substituting 
respectively, 

1  11 

C,    — ,      —■,     —  ^ 
JIj      ]M2  M3 


Semi-axes. 

V  M3 

a/1 

V  Ml 

for 


Ml,     M2,  M3. 


These  equations  are  obtained  on  the  supposition 
that  the  co-efficient  of  polarity  for  axes  of  oscilla- 
tion parallel  to  the  direction  of  propagation 
(which  we  may  call  a)  is  either  very  large  or 
very  small  compared  Avith  that  for  transverse 
axes.  By  treating  the  ratio  of  these  quantities 
as  finite,  there  is  obtained  an  equation  of  the 
sixth  order,  representing  a  wave-surface  of  three 
sheets,  differing  somewhat  from  that  of  the  pro- 
pagation of  vibrations  in  an  elastic  crystalline 
solid  ;  inasmuch  as  the  former  has  always  three 
circular  sections,  while  the  latter  has  none,  un- 
less it  is  symmetrical  all  round  one  axis  at  least, 

A  .... 

By  increasing  the  ratio  —without  hmit,  this 

equation  is  made  to  approximate  indefinitely  to 
the  product  of  the  ecjuation  of  Fresnel's  wave- 
surface  by  the  following, 

-i.,+%^_H^i3-=l; 


wliich  represents  a  very  large  ellipsoidal  wave  of 
oscillations  round  axes  parallel  to  the  direction 
of  propagation. 
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"  (6.)  Of  Reflexion  and  Refraction. — Accord- 
ing to  the  proposed  hypothesis  of  oscillations,  the 
laws  of  the  phase  and  intensity  of  light  reflected 
and  refracted  at  the  bounding  surface  of  two 
transparent  substances  are  to  be  determined  by 
conditions  analogous  to  those  employed  in  the 
hypothesis  of  vibrations  by  M.  Cauchy  and  Mr. 
Green.    They  are  the  consequences  of  the  prin- 
ciple, that  if  we  have  two  sets  of  formulse  ex- 
pressing the  nature  and  magnitude  of  the  oscilla- 
tions in  the  two  substances  respectively,  then 
either  of  those  formulae,  being  applied  to^  a  par- 
ticle at  the  bounding  surface,  ought  to  give  the 
same  results.— According  to  this  principle,  the 
following  six  quantities  for  a  particle  at  the 
bounding  surface  must  be  the  same  at  every  ui- 
stant,  when  computed  by  either  of  the  two  sets 
of  formuliE : — The  three"  angular  displacements 
round  the  three  axes  of  co-ordinates, — The  three 
rotative  forces  round  the  same  three  axes. — 
There  is,  generally  speaking,  a  change  of  phase 
when  light  undergoes  refraction  or  reflexion.  It 
is  known  that  we  may  express  this  change  of 
phase  by  subdividing  each  reflected  or  refracted 
disturbance  into  two,  of  suitable  intensities  and 
signs ;  one  synchronous  in  phase  with  the  cor- 
responding incident  disturbance,  and  the  other 
retarded  by  a  quarter  of  an  vmdulation.  ^  There 
are  thus  twelve  quantities  to  be  found,  viz.,  the 
amplitudes  of  the  six  components  of  the  reflected 
disturbance,  and  those  of  the  sis  components  of 
the  refracted  disturbance.    To  determine  these 
quantities  there  are  twelve  conditions,  viz.,  the 
equality  at  every  instant,  according  to  the  for- 
muliE for  either  medium,  of  the  total  angular 
displacements,  and  of  the  total  rotative  forces, 
round  each  of  the  three  axes  of  co-ordinates,  for 
the  set  of  waves  composed  of  the  incident  wa\  e 
and  those  synchronous  with  it,  and  for  the  set  of 
M'aves  retarded  by  one  quarter  of  an  undulation. 
— The  results  of  these  conditions  have  been  in- 
vestigated in  detail  for  singly  refracting  sub- 
stances.—The  indices  of  refraction  of  such  sub- 
stances are  proportional  to  the  square  roots  of 
the  moments  of  inertia  of  the  loaded  limiiniferous 
atoms  in  a  given  space.    Thus,  if  the  co-eflicien  ts 
ji',  m"  are  proportional  to  tliese  moments  in  two 
given  substances  respectively,  then  the  index  of 
refraction  of  the  second  substance  relatively  to 
the  first  is 

-  V 

—In  the  case  of  light  incident  on  a  plane  surfncc 
between  two  such  media,  the  axes  of  co-ordinates 
may  be  assumed  re^ipectively  perpendicular  tu 
the"  reflecting  surface,  perpendicular  to  the 
plane  of  reiiexion,  and  along  the  intersection 
of  those  two  planes;  and  oscillations  round 
axes  normal  and  parallel  to  the  plane  of  reflex- 
ion may  be  considered  separately.— "VN'hen  tlie 
axes  of  oscillation  are  normal  to  the  plane  of 
reflexion,  that  is  to  say,  when  the  light  is  polar- 
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i  ized  in  that  plane,  the  formulaj  for  tbe  intensi- 
1  ties  of  the  reflected  and  refracted  light  agree 
.exactly  with  those  of  Fresnel.  When  the  re- 
!  flexion  talves  place  in  the  rarer  medium,  the  re- 
:  fleeted  light  is  retarded  by  half  an  undulation  ; 
1  when  in  tlie  denser,  there  is  no  change  of  phase 
I  unless  the  reflexion  is  total,  when  there  is  a 
c  certain  acceleration  of  phase  depending  on  the 
wangle  of  incidence.  In  the  last  case,  the  dis- 
tturbance  in  the  second  medium  is  an  evanescent 
filvave,  analogous  to  those  introduced  into  the 
\-ibrator3'  theory  by  M.  Cauchy  and  Mr.  Green; 
i  that  is  to  say,  a  wave  in  which  the  amplitude  of 
iioscillation  diminishes  in  proportion  to  an  expon- 
c-ential  function  of  the  distance  from  the  bound- 
idng  surface  (called  by  M.  Cauchy  the  mo- 
tdulus),  and  which  travels  along  that  surface 
with  a  velocity  less  than  the  velocity  of  an 
Inordinary  wave ;  the  square  of  the  negative 
exponent  of  the  modulus  being  proportional 
iito  the  difference  of  the  squares  of  those  ve- 
Uoeities,  divided  hy  the  square  of  the  velocity 

of  an  ordinary  wave  This  is  an  evanescent 

v.waveof  oscillation  round  transverse  axes. — How 
.large  soever  the  co-efficient  of  polarity  for  oscilla- 
itions  round  longitudinal  axes  may  be,  an  evan- 
escent wave  of  such  oscillations  may  travel  along 
tithe  bounding  surface  of  a  medium  with  any 
rvelocity,  however  slow,  provided  the  negative 
oxponeut  of  the  modulus  is  made  large  enough, 
t  Consequently,  in  framing  the  formula}  to  repre- 
sent oscillations  round  axes  parallel  to  the  plane 
cbf  incidence,  we  must  introduce  in  each  medium 
t-;wo  such  evanescent  waves  of  suitable  exponents 
aind  indeterminate  amplitudes ;  one  travelling 
fiiilong  the  surface  with  the  incident  wave,  and 
thhe  other  a  quarter  of  an  undulation  behind  it. 
Trhe  maximum  amplitudes  of  oscillation  in  these 
F«vanescent  waves  constitute  four  luilinown  quan- 
I  lities ;  the  amplitudes  in  the  two  ordinary  re- 
liiiected  waves  and  the  two  ordinary  refracted 
n.vaves,  differing  by  one  quarter  of  an  undulation, 
constitute  four  more  unknown  quantities,  making 
•■inght  in  all:  four  conditions  having  been  ful- 
iRUed  by  the  waves  polarized  in  the  plane  of 
incidence,  tiiere  remain  to  be  fulfilled  eight  con- 
ilitions,  viz.,  the  identity,  as  calculated  by  the 
fi'ormuhc  fur  the  first  and  second  substance  re- 
S".pectively,  of  the  following  eight  functions  at 
iihe  bounding  surface;  the  angular  displacement, 
land  the  rotative  forces,  round  each  of  the  two 
Uxes  in  the  plane  of  hici  hiicc,  for  the  incident 
ifvave  and  tiie  set  of  wnvci  synchronous  with  it, 
land  for  tlie  set  of  waves  retarded  by  one  quarter 
if>f  an  undulation.   The.se  conditions  are  sufficient 
10  determine  the  unknown  quantities,  and  to 
complete  tlie  solution  of  the  problem.    Tiic  fol- 
owing  is  a  general  statement  of  the  results  of  the 
■olution  when  the  second  medium  is  the  denser. 
They  agree  with  the  results  of  the  experiments 
f)f  M.  Jamin,  and  are  in  every  respect  analogous 
'0  those  deduced  from  the  iiypothesis  of  vibra- 
lidons  by  iVI.   Cauchy,   Mr.  Green,  and  Mr. 
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Haughton — Light  polarized  in  a  plane  per- 
pendicular to  the  plane  of  incidence,  suflisrs  by 
reflexion  at  a  perpendicular  incidence  no  altera- 
tion of  phase. — At  a  grazing  incidence  (or  when 
the  angle  of  incidence  differs  insensibly  from 
90°),  the  phase,  lilie  that  of  light  polarized  iu 
the  plane  of  incidence,  is  retarded  by  half  an  un- 
dulation.— The  variation  of  phase  with  the  angle 
of  incidence  is,  in  fact,  continuous;  but  it  is, 
generally  speaking,  not  appreciable  by  observa- 
tion, except  in  the  immediate  neighbourhood  of 
an  angle  called  by  M.  Jamin  the  principal 
incidence,  where  the  retardation  of  phase  is  a 
quarter  of  an  undulation. — This  angle  differs  by 
a  very  small  amount,  appreciable  only  in  certain 
substances,  from  the  polarizing  angle,  at  which 
tbe  intensity  of  light  polarized  in  a  plane  at 
right  angles  to  the  plane  of  incidence  is  a  mini- 
mum— The  "  Law  of  Brewster,"  that  the  tangent 
of  the  polarizing  angle  is  equal  to  the  index  of  re- 
fraction, is,  theoretically,  only  approximately 
true ;  but  the  error  is  quite  inappreciable. — 
When  the  second  medium  is  the  less  dense,  the 
phase  of  the  reflected  light  is  half  an  undulation 
in  advance  of  its  value  when  the  second  medium 
is  the  denser. — In  eitlier  case,  light  polarized  in 
planes  perpendicular  to  the  plane  of  incidence  is 
less  retarded,  that  is  to  saj',  is  accelerated  in 
phase,  as  compared  with  light  polarized  in  that 
plane  according  to  the  following  table : — 


Angle  of 
Incidence. 


0 


Relative 
Accelerution. 

^  undulation. 
5  undulation. 


Perpendicular  incidence, 
Principal  incidence, 
Grazing  incidence,  .  .  90  0 
In  the  case  of  total  reflexion,  light  polarized  iu 
planes  perpendicular  to  the  plane  of  incidence  has 
its  phase  more  accelerated  than  light  polarized 
in  that  plane,  by  an  amount  to  which  the  for- 
mula of  Fresnel  give  a  close  approximation. 
—The  proposed  hypothesis  has  not  yet  been  ap- 
plied to  reflexion  from  doubly  refracting  crystals; 
but  there  can  be  little  doubt  that  it  will  be  found 
to  represent  the  phenomena  con-ectly. 

"  (6.)  Of  Circular  and  Elliptic  Polarization. 
— Light  polarized  in  a  plane  oblique  to  the  angle 
of  incidence  is,  generally  speaking,  elliptically 
polarized  after  reflexion,  the  plane-polarized 
components  of  the  disturb.anco  boing  in  diflbrent 
phases. — According  to  the  hypothesis  of  oscilla- 
tions, circularl}-  and  elliptically  polarized  light, 
being  compounded  of  oscillations  in  different 
phases  round  two  transverse  axes,  consist  in  a 
sort  of  nutation  of  the  longitudinal  axis  of  each 
luminifcrous  atom.  The  direction  of  this  nuta- 
tion, and  the  form  of  the  circle  or  ellipse  described 
by  the  ends  of  the  longitudinal  axes,  servo  to  de- 
fine the  character  of  the  light.  Tlio  clli])sc  of 
nutation  has  its  axes  in  the  same  proportion 
with,  l)ut  per|)endieular  in  position  to,  those  of 
the  elliptic  orbit  supposed  to  be  described  by 
each  atom  according  to  the  hypothesis  of  yibra- 
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tions.  — ,The  molecular  mechanism  by  which 
certAui  media  transmit  right  and  lelt-handed 
circularly  or  elliptically  polarized  liglit  with 
different  velocities,  is  still  problematical  accord- 
ing to  cither  hypothesis.  The  laws  of  the 
phenomena,  iiowever,  may  be  represented  by 
means  of  the  assumption,  that  in  the  substances 
'.5ri  'qiiestion  the  extraneous  load  on  the  luminifer- 
Qvk  atoms  is  a.  function  of  th6  du-ection  of  niita- 
tion.'  ■■'■v^  ''■■■■:^:<hir,r  ■: 

"(7.)  0/  Dispersion. — If  we  assume  the  ex- 
tent of  sensible  direct  action  of  the  polarity  of  the 
Itiminiferous  atoms  to  be  appreciable  as  com- 
pared with  the  length  of  a  wave,  the  velocity  of 
propagation  (precisely  as  with  the  vibratory 
hypothesis)  is  found  to  consist  of  a .  constant 
quantity,  diminished  by  the  sum  of  a  series  in 
terms  of  the  reciprocal  of  the  square  of  the  length 
of  i  wave. — It  may  be  doubted,  however,  whether 
this  supposition  is  of  itself  adequate  to  explain 
the  phenomena  of  dispersion;  and  whether  it 
may  not  be  necessary  to  assume,  also,  that  the 
load  upon  the  luminiferous  atoms  is  a  function  of 
the  time  of  oscillation,  as  well  as  of  the  nature  of 
the  substance  and  the  position  of  the  axes  of  os- 
cillation.— -In  conclusion,  it  may  be  affirmed, 
that,  as  a  mathematical  system, ,  the  proposed 
theory  of  oscillations  round  axes  represents  the 
laws  of  all  the  phenomena  which  have  hitherto 
been  reduced  to  theoretical  principles,  as  well,  at 
least,  as  the  existing  theory  of  vibrations;  while 
as  a  physical  hypotliesis,  it  is  free  from  the  prin- 
cipal objections  to  ^^yjaicl^.th^ihypotliesia  of  yibra-: 
tions  is  liable."         [.  ■  ',,  .;. 

IJuivcrsal  Instrument.    See  Appendix. 

Urania.  One  of  the  A^teroids.  For  Elements, 
,&c.,  see  Asteroids..   j^.j^j'j  ^. 

Uranus.  The  planet  immediately  beyond 
Saturn  in  the  order  of  distances  from  the  Sun,  dis- 
jqdvered  accidentJilly  by.  Sir,  lyilli^m  Herschel  on 
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13th  March,  1781.  It  turned  out  afterwards  that 
tlie  planet  had  been  seen,  and  its  place  recorded 
no  fewer  than  fifteen  times  between  1690  and 
1771 ;  but  in  everj'  instance  it  was  mistaken  for 
a  fixed  star.  Tlie  mean  distance  of  Uranus  from 
the  iSun  is  1918229  times  the  distance  of  the 
Earth :  it  revolves  in  its  orbit  in  84  years,  5  days, 
19  hours,  41  minutes,  and  19  seconds :  it  rotates 
on  its  axis  in  9^  hours:  its  diameter  is  345,000 
miles,  and  its  density  0-18  that  of  the  Earth.  The 
remarlvable  part  jjlayed  by  the  ai)parent  irregular- 
ities of  Uranus  in  promoting  the  discovery  of  Nep- 
tune Qq.  v.),  has  already  been  fuUy  explained. 
There  is  mucli  that  is  mteresting  in  reference  to 
the  satellites  of  this  planet.  Sir  William  Herschel 
left  on  record  that  he  had  discovered  six.  Two 
of  these  only  have  witli  certainty  been  re-dis- 
covered, and  Mr.  Lasscl  has  seen  other  two,  wth 
periods  so  little  reconcilable  with  any  of  Her- 
schel's  six,  that  the  probability  is,  they  are  addi- 
tional ones.  In  this  case  Uranus  must  have 
eight  satellites,  for  there  is  no  great  likelihood 
that  Sir  'VVilliani  Herschel  committed  a  mistoke 
on  such  a  point.  Four  satellites  have  therefore 
still  to  be  looked  for.— These  small  bodies  appear 
to  hav6  retrogi'ade  motions,  and  tlieir  orbits  are 
inclined  nearly  80°  to  the  ecliptic.  Of  the 
physical  aspects  ^of  Uranns,  nothing  whatever  i3 
IcnOwri.  ■ '  '''         "  '     '  ' 

Ursa  Major,  and  ItlfSnor.  Two  of  the 
most  remarkable  northern  constellations.  The 
latter  contains  the  pole  star.  In  the  former  there 
are  seven  well  known  stars,  by  two  of  which — 
the  pointers — the  pole  star  is  readily  found.  Tliey 
are  disposed  in  the  form  of  a  quadrangle  joined 
at  one  of  its  corners  to  a  triangle,  and  are  all  of 
them  very  large.  A  line  tlirpugh  the  pointers 
passes  through  the  poh  star.  This  star  is  the 
largest  in  Ursa  Minor;— seven  stars  in  tlie  latter 
are  arranged  very  like  those  of  Ursa  Major. 
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Vacuum.  A  perfect  vacuum  or  space  void 
of  all  matter  seems  not  to  exist,  upon  the  hypo- 
thesis of  the  luminiferous  ether  and  the  retarding 
matter  in  the  case  of  Encke's  Comet.  We  can 
produce  no  perfect  vacuum;  ,  Jn  the  air-pump 
receiver  the  approximation  i?  very  rough,  and  in 
the  Torricellian  vacuum  (over  the  mercury  at  the 
top  of  a  barometer),  there  is  mercurial  vapour. 
.  Valve  An  arrangement  by  which  air  or  any 
fluid  may  be  alternately  admitted  into  and  ex- 
pelled fioin  a  vessel.  Vya  cannot  enter  here  into 
the  arrangements  by  which  the  mechanist  secures 
the  nmre  and  more  perfect^  performaac(j  of  those 
functions.  ,  .■         i «  i_ 

l'ani.-^l)uig  Point  aud  liinc.  ScQ PkRSPEC- 

TIVE. 

Vapour  is  any  substance  in  the  gaseous  con- 
dition, at  the  maximum  of  density  consistent 
with  that  condition.    This  is  the  strict  and  proper 


meaning  of  the  word  "Vapour.'"  It  is  some- 
times used  in  an  extended  sense,  identic.il  with 
that  of  "  gas, "  in  speaking  of  substances  who?e 
ordinary  condition  is  the  liquid  or  solid  ;  but  this 
extended  sense  tends  to  ambiguity,  and  M'ill  not 
be  used  in  the  present  article.  It  is  certain  that 
most  substances  are  voladk,  that  is  to  say,  tliat 
they  can  and  do  exist  in  the  state  of  vapour, 
at  all  attahiable  temperatures.  l^Iany  vapoin^ 
whose  existence  cannot  be  proved  by  mechanical 
or  cliemical  processes,  are  obvious  to  the  sense  oi 
smell;  for  example,  those  of  iron,  copivr,  lead, 
and  tin.  Whether  cr//  substances  are  volatile  at 
fdl  temperatures  is  yet  uncertain.  If  there  bo 
cases  of  exception,  it  is  to  be  imderstood  that  the 
laws  stated  in  the  sequel  of  this  article  do  not 
apply  to  Ihcm. 

§  1.  Pressure  and  Densit;/ of  Vapour.— For  each 
volatile  substance,  at  each  temperature,  there  « 
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a  certain  pressure  which  is  at  once  tlie  least  pres- 
sure under  which  the  substance  can  exist  in  the 
liquid  or  solid  state,  and  the  greatest  pressure 
which  it  can  sustain  in  the  gaseous  state  at  the 
given  temperature.  This  pressure  is  called  the 
pressure  0/ saturation,  or  tlie  pressure  of  vapour 
of  the  given  substance  at  the  given  temperature ; 
this  pressure  is  a  function  of  the  temperature,  and 
the  density  of  the  vapour  is  a  function  of  the 
pressure  and  the  temperature.  The  relation  be- 
tween the  pressure  of  vapour  and  the  temperature, 
for  various  substances,  has  been  the  subject  of 
many  series  of  experiments,  of  which  the  latest 
and  best  are  those  of  M.  Regnault  on  steam  (il/e- 
moires  de  VAcademie  des  Sciences,  1847),  and  on 
various  other  vapours  (Cumptes  Rendus,  1854.) 
The  best  sources  of  information  as  to  the  pres- 
sures of  vapours  are  the  tables  computed  by  M. 
Eegnault  from  those  experiments ;  but  such  pres- 
sures may  also  be  computed  in  most  cases  with 
great  accuracy  by  the  aid  of  a  formula,  which, 
with  the  constants  applicable  to  vapours,  as  de- 
duced from  M.  Regnault's  experiments,  is  given  in 
Heat,  jMecilvnical  Action  of,  §  19,  and  more 
fully  in  the  Edinhurgh  Philosophical  Journal, 
July,  1849,  and  the  Philosophical  Magazine. 
Dec,  1854.  The  general  result  of  such  formulse 
and  tables  is,  that  the  pressure  of  vapour  increases 
with  the  temperature  at  a  rate  which  itself  in- 
creases rapidly  with  the  temperature.  Tf  any 
vapour  were  a  perfect  gas,  its  density  Dj,  at  any 
temperature  Ti,  might  easily  be  computed,  when 
its  density  Dq,  at  some  other  temperature  Tq,  had 
been  ascertained  by  experiment,  by  means  of  the 
fonnula 

(1.)  ...     Dl  (Ti  +  4G1°.  2  Fahr.-)  _ 
Pi 

Dp  (Tq  +  461°.  2  Fahr.) . 

in  which  Pi  and  Pq  are  the  pressures  of  the  va- 
pour at  the  temperatures  Tj  and  Tq  respectively ; 
but  no  vapour  is  an  absolutely  perfect  gas ;  and  the 
density  of  every  vapour  increases  more  rapidly 
with  increase  of  pressure  than  that  which  would 
be  given  by  the  above  formula.    That  formula, 
however,  is  sufficiently  near  the  truth  for  practi- 
cal purposes  when  the  density  of  the  vapour  is 
below  certain  limits,  as  is  the  case  with  the  va- 
pours of  most  substances  at  the  temperatures 
which  usually  occur  in  the  atmospiiere.  The 
'  experimental  determination  of  tlie  densities  of 
vapours,  to  a  certaiji  rough  degree  of  approxima- 
■  tion,  sufficient  to  enable  the  formula  (1.)  to  be 
i  applied,  is  easy,  and  is  assisted  by  a  knowledge 
'  of  their  chemical  composition,  in  consequence  of 
1  the  well  established  \a.\\-s,  first,  that  perfect  gases 
t  combine  by  volumes  in  simple  numerical  ratios 
I  only;  and,  secondly,  that  the  volume  of  a  given 
'  weight  of  a  compound  perfect  gas  always  bears 
•  simple  numerical  ratios  to  the  volumes  which  its 
I  constituents  would  occupy  separately.    An  ox- 
1  ample  of  the  application  of  these  laws  ia  given  in 
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Steam.  In  stating  the  results  of  such  compula- 
tions (which  are  of  frequent  occurrence  in  works 
on  chemistry),  Tq  is  generally  assumed  =  32° 

as  a  standard  temperature,  and  the  quotient  ^ 

IS  computed,  Dq  being  the  approximate  weight  of  a 
cubic  foot  of  the  vapour,  and  Pq  the  pressure  in 
atviosjiheres  of  14;7  lbs.  to  the  inch.  What  is 
conventionally  caHed  the  specific  gravity  of  a 

Do 

quotient  —  for  the 


vapour  is  the  ratio  of  the 


vapour  in  question  to  the  corresponding  quantity 
for  atmospheric  air.  The  specific  gravities  of 
vapours  and  gases  are  proportional  either  to  their 
atomic  weights,  or  to  some  simple  multiple  of 
their  atomic  weights.    The  following  are  the 

Do 

values  of  —  in  lb,  per  cubic  foot  per  atmosphere, 

for  a  few  gases  and  vapours : — 

Air,   0-0807281  Etlier, 

Oxygen   0089256  ' 

Hydrogen,   0-005592 

Cartonic  acid,  ..  0-12344 
Steam   0-05022 


  0-2093 

Bisulplniret  of  )  a. 01, 7 

carbon  j 

Mercury,   0-563 


The  direct  experimental  determination  of  the 
densities  of  vapours,  to  a  degree  of  accuracy  suf- 
ficient to  show  the  exact  amount  of  their  devia- 
tion from  the  perfectly  gaseous  condition,  has  not 
yet  been  accomplished,  A  method  of  computing 
the  probable  value  of  such  densities  theoretically, 
from  the  heat  which  disappears  in  evaporating  a 
given  quantity  of  the  substance,  is  explained  and 
illustrated  in  Heat,  Mechanical  Action  of, 
§20, 

§  2.  Atmospheres  ofVapour — Spheroidal  State. 
— From  what  has  been  stated,  it  appears  that 
every  solid  or  liquid  substance  in  a  state  of  mole- 
cular equilibrium,  wherever  it  is  not  enveloped 
by  another  solid  or  liquid  substance,  is  enveloped 
by  an  atmosphere  of  its  own  vapour,  of  a  density 
and  pressure  depending  on  the  temperature  (pro- 
vided the  substance  be  volatile  at  that  tempera- 
ture.)   It  has  been  suggested  as  a  hypothesis, 
that  the  density  of  a  very  thin  layer  of  this 
atmosphere,  immediately  adjoining  the  surface  of 
such  liquid  or  solid,  may,  owing  to  the  attraction 
of  the  liquid  or  solid,  be  much  greater  than  tlio 
density  at  considerable  distances,  and  that  the 
elasticity  of  an  atmosphere  of  vapour  so  consti- 
tuted may  be  the  cause  of  that  resistance  to  being 
brought  into  absolute  contact,  which  is  displaj-ed 
by  the  surfaces  of  solid  and  liquid  bodies  in  gene- 
ral (e.g.,  when  raindrops  roll  on  the  surface  of  a 
river),  and  which  is  so  great  at  high  tempera- 
tures as  to  produce  what  is  called  the  qjheroidal 
state"  of  masses  of  liquid,  in  -ivhicli  tliey  remain 
suspended  over  hot  solid  surfaces  witli  a  visible 
interval  between.    The  only  substance  on  the 
earth's  surface  which  is  sufliciently  abiuidant  to 
pervade  the  whole  of  the  eartii's  atmosphere  at 
all  times  with  vapour,  to  an  amount  appreciable 
by  mechanical  and  chemical  processes,  is  water. 
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§  3.  Mixtures  of  Vapours  and  Gases. — It  has 
already  been  explained  (Heat,  Mechanical  Ac- 
tion OF,  §  9),  that  the  pressure  exerted  agahist 
t!;e  interior  of  a  vessel  by  a  given  quantity  of  a 
perfect  gas  enclosed  in  it,  is  the  sum  of  the  pres- 
sures ■which  any  number  of  parts  into  which 
such  quantity  maj'  be  divided  would  exert  sepa- 
rately, if  each  were  enclosed  in  a  vessel  of  the 
same  bulk  alone,  at  the  same  temperature ;  and 
that,  although  this,  law  is  not  exactly  true  for 
any  actual  gas,  it  is  very  nearly  true  for  many. 
Thus,  if  0-080728  lb.  of  air,  at  32°,  being  en- 
closed in  a  vessel  of  one  cubic  foot  of  capacity, 
exert  a  pressure  of  one  atmosphere,  or  14-7  lbs., 
on  each  square  inch  of  the  interior  of  the  vessel, 
then  will  each  additional  0-080728  lb.  of  air 
which  is  enclosed,  at  32°,  in  the  same  vessel, 
produce  very  nearly  an  additional  atmosphere  of 
pressure.    It  has  now  further  to  be  explained, 
that  the  same  law  is  applicable  to  mixtures  ofr/ases 
of  different  kinds.    For  example,  0-12344  lb.  of 
carbonic  acid  gas,  at  32°,  being  enclosed  in  a  ves- 
sel of  one  cubic  foot  in  capacity,  exerts  a  pressure 
of  one  atmosphere;  consequently,  if  0-080728  lb. 
of  air,  and  0-12344  lb.  of  carbonic  acid,  mixed, 
be  enclosed  at  the  temperature  of  32°  in  a  vessel 
of  one  cubic  foot  of  capacity,  the  mixture  will 
exert  a  pressure  of  two  atmospheres.    As  a  se- 
cond example— let  0-080728  lb.  of  air,  at  212°, 
be  enclosed  in  a  vessel  of  one  cubic  foot,  it  will 
212°  -|-  461°-2 

exert  a  pressure 
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atmosphere.    Let  0-0379  lb.  of  steam,  at  212°, 
be  enclosed  in  a  vessel  of  one  cubic  foot ;  it  will 
exert  a  pressure  of  one  atmosphere.  Conse- 
quently, if  0-080728  lb.  of  air,  and  0-0379  lb.  of 
steam,' be  mixed  and  enclosed  together,  at  212°, 
in  a  vessel  of  one  cubic  foot,  the  mixture  will 
exert  a  pressure  of  2-305  atmospheres.    It  is  a 
common,  but  erroneous  practice,  in  elementary 
books  on  Physics,  to  describe  this  law  as  consti- 
tuting a  difference  between  mixed  and  homogene- 
ous gases  ■  whereas  it  is  obvious,  that  for  mixed 
and  homogeneous  gases  the  law  of  pressure  is  ex- 
actly the  same,  viz.,  that  the  pressure  of  the 
■\v-hole  of  a  gaseous  mass  is  the  sum  of  the  pres- 
sure of  all  its  parts.    This  is  one  of  the  laws  of 
mixtures  of  gases  and  vapours. — A  second  law 
is,  that  the  presence  of  a  for  eifjn  gaseous  substance 
in' contact  iviih  the  surface  of  a  solid  or  liquid,  does 
not  affect  the  density  of  the  vapour  oj  that  soltd 
or  liquid,  unless  (as  M.  Kegnault  has  recently 
shown)  there  be  a  tendency  to  chemical  combma- 
tion  between  the  two  substances,  in  which  case 
the  density  of  the  vapour  is  slightly  increased. 
For  example :  let  there  be  a  mass  of  liqmd  water 
in  a  receiver,  at  the  temperature  of  212°;  and 
above  the  surface  of  the  liquid  water,  let  there 
be  a  space  of  one  cubic  foot ;— it  is  necessary  to 
molecular  equilibrium  at  the  given  temperature 
of  212°,  that  that  space  of  one  cubic  foot  should 
contain  0  0379  lb.  of  steam,  whether  the  space 
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be  void  of  all  other  substances,  or  filled  with  any 
quantity  of  air,  or  of  any  other  gaseous  substanci; 
which  does  not  exert  an  appreciable  chemical 
attraction  on  the  water.    To  illustrate  the  law 
further,  let  the  temperature  of  the  water  be  50° ; 
then  it  is  necessary  to  molecular  equilibrium  that 
the  space  of  one  cubic  foot  above  the  water  should 
contain  0-00058  lb.  of  watery  vapour,  whether 
and  to  what  amount  soever  air,  or  any  other 
gaseous  substance  not  chemicallj'  attracting  the 
water,  be  contained  in  the  same  space. — This, 
and  the  preceding  law  of  mixtures  of  gases 
and  vapours  (discovered  by  Dalton  and  Ga)'- 
LuRsac),  enable  the  following  question  to  be 
solved : — Prollevi.  Given  the  total  pressure  p,  of 
a  mixture  of  a  gas  and  of  a  given  vapour,  in  a 
space  saturated  with  the  vapour  at  the  tempera- 
ture T ;  required  the  pressure  and  density  of  the 
gas  separately. — Solution.  Find,  from  a  table  of 
experiments,  or  from  a  formula,  the  pressure  of 
saturation  of  the  vapour  for  the  given  tempera- 
ture T ;  let  it  be  denoted  by  ^ ;  then  the  pressure 
of  the  gas  is  p  — p\  and  its  density  is  less  than 
the  density  which  it  would  have  had  imder  the 
pressure  p,  if  no  vapour  had  been  present,  in  the 

ratio  — ~. — Example.  A  space  contains  mixed 

air  and  steam,  being  saturated  with  steam  at  5Q°, 
and  the  total  pressure  is  14-7  lbs.  on  the  square 
inch ;  what  is  the  pressure  of  the  air  separately, 
and  what  weight  of  air  is  contained  in  each  cubic 
foot  of  the  space?— .Answer.  Either  from  M.  Eeg- 
nault's  experiments,  or  from  the  formula  already 
cited,  it  appears  that  the  pressure  of  the  steam  is 
0-175  lb.  per  square  inch ;  consequently,  the^pres- 
sure  of  the  air  separately  is  14-7  —  0-175  = 
14-525  lbs.  per  square  inch.  Also,  the  weight  of 
air  in  a  cubic  foot,  at  14-7  lbs.  per  square  inch  and 
50°,  had  there  been  no  steam  present,  would  have 
493°-2 


been  0-080728  X 
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=^  0-077885 


lb. ;  consequently  the  weight  of  air  actnally  pre- 
sent along  with  the  steam,  in  a  cubic  foot,  i3 

0-077885  X  =  0-076976  lb.  A  second 

problem  is,  to  find  the  density  of  the  mixture  of 
gas  and  vapour ;  which  is  solved  by  adding  to  the 
density  of  the  gas  already  found,  the  density  of 
the  vapour  as  computed  by  the  methods  formerly 
referred  to.  Thus,  in  the  case  last  given,  it  ap- 
pears, by  computing  from  the  latent  heat  of  eva- 
poration, that  the  weight  of  steam  in  a  cubic  foot 
is  0-00058  lb.;  consequently,  the  weiglit  of_a 
cubic  foot  of  the  mixture  of  air  and  stcnu  is 
0-070976  +  0-00058  =  0-077556  lb.  ^^«n 
respect  to  the  amount  of  the  deviations  from  t  le 
laws  given  in  this  section,  wliich  occur  when  tlio 
ingredients  of  the  gaseous  mixture  have  a  chemi- 
cal affinity  for  each  other,  the  reader  is  refcrrea 
to  the  later  researches  of  M.  Koguault  alreaay 
mentioned. 
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§  4.  Evaporaiion  and  Condensation.~W\\m 
tlie  density  of  the  vaporous  atmosphere  of  a  solid 
or  liquid  is  diminished,  by  the  enlargement  of 
the  space  in  which  the  substance  is  contained,  or 
by  the  removal  of  part  of  the  vapour,  whether  by 
mechanical  displacement  or  by  condensation  in 
an  adjoining  space,  the  solid  or  liquid  evaporates 
until  the  vapour  is  restored  to  the  density  corres- 
ponding to  the  existing  temperature.    The  same 
thing  takes  place  when  the  molecular  equilibrium 
is  disturbed  by  communicating  heat  to  the  solid 
or  liquid. — When  the  density  of  the  vaporous 
atmosphere  is  increased,  by  the  contraction  of  the 
space  in  which  the  substance  is  contained,  or  the 
addition  of  vapour  from  another  source,  part  of 
the  vapour  condenses  until  equilibrium  is  restored 
as  before.   The  same  thing  takes  place  when  the 
equilibrium  is  disturbed  by  abstracting  heat  from 
the  vapour.— Evaporation  is  accompanied  by  the 
disappearance  of  heat,  called  the  Latmt  Heat  of 
Evaporaiion,  and  condensation  by  the  re-appear- 
ance of  heat,  according  to  laws  stated  in  Heat, 
Mfchanical  Action  of,  §  §  19  and  21.  AVhen 
ithe  space  above  the  solid  or  liquid  is  void  of 
1  foreign  substances,  the  restoration  of  equilibrium 
iis  sensibly  instantaneous  ;  when  that  space  con- 
i  tains  foreign  gaseous  substances,  it  is  more  or  less 
r  retarded,  although  the  conditions  of  equilibrium 
sare  not  changed.    It  is  the  retardation  of  the 
difTusion  of  watery  vapour  by  the  presence  of  air 
which  prevents  every  part  of  the  atmosphere  from 
being  always  saturated. 

§  5.  Ehullition.—W'hm  the  communication  of 
heat  to  a  liquid  mass  and  the  removal  of  the 
vapour  are  carried  on  continuously,  so  that,  the 
pressure  throughout  the  mass  of  liquid  is  not 
'-,Teater  than  that  of  saturation  for  its  temper- 
ature, evaporation  takes  place,  from  the  exposed 
surface  of  the  liquid,  and  also  from  its  interior ; 
it  gives  out  bubbles,  and  is  said  to  boil.  The 
ascertaining  by  experiment  of  the  temperatures  of 
ebullition,  or  boiling  points,  of  a  liquid  luider 
\  various  pressures,  is  the  most  accurate  method  of 
i  Jetermining  the  relation  between  the  temperature 
•and  pressure  of  saturation  of  its  vapour. — Con- 
■  versely,  when  that  relation  is  known,  the  boiling 
loint  of  the  fluid  may  be  made  the  means  of 
neasuring  the  pressure  on  it.     On  this  principle 
s  founded  the  method  invented  by  Wollaston, 
md  since  perfected  by  Dr.  J.  D.  Forbes,  of 
leducing  the  atmospheric  pressure,  from  the 
loiling  point  of  water  in  an  open  vessel. — When 
he  term  hoilinfj  point  of  a  fluid  is  used  without 
lualification,  it  means  the  boiling  point  under 
lie  average  atmospheric  pressure  of  14-7  lbs.  on 
he  square  inch.— The  presence  in  a  liquid  of  a 
,>3S  volatile  substance  dissolved  in  it,  resists 
bullition,  and  raises  the  tcmjierature  at  wliicii 
he  liquid  boils,  under  a  given  pressure;  hut 
inless  the  dissolved  substance  enters  into  the 
(imposition  of  the  vapour,  the  relation  between 
1)6  temperature  and  pressure  of  saturation  of  the 
itter  remains  unchanged.    A  resistance  to  ebul- 
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lition  is  also  offered  by  a  vessel  of  a  material 
which  attracts  the  liquid ;  and  the  boiling  takes 
place  by  starts.  To  avoid  the  errors  which 
causes  of  this  kind  produce  in  the  measurement 
of  boiling  points,  it  is  advisable  to  place  the  ther- 
mometer not  in  the  liquid,  but  in  the  vapour. 

Vapour,  Nebulous  or  Ve$«icular,  is  a  con- 
dition of  fluids  more  properly  called  Cloud,  Mist, 
or  Fog,  inasmuch  as  it  is  not  a  vaporous  condi- 
tion, but  a  particular  form  of  the  liquid  condition, 
in  which  the  fluid  floats  in  the  air  in  the  form  of 
innumerable  small  globules,  which  are  with  good 
reason  believed  to  be  vesicles  or  hollow  bubbles. 
The  hollowness  of  the  globules  of  cloud  has  of 
late  been  confirmed  by  some  optical  researches  of 
M.  Bravais  on  the  Fog-bow.  The  condition  of 
cloud  is  one  into  which  fluids  pass  from  the  state 
of  vapour,  on  being  condensed  bv  mingling  with 
cold  air.  It  is  probable  that  "the  globiUes  of 
cloud  are  filled  and  enveloped  with  a  vaporous 
atmosphere.  By  heat  they  are  made  to  evapo- 
rate and  disappear ;  by  cold  to  coalesce  into 
liquid  drops,  which  fall  to  the  ground,  or  adhere 
to  neighbouring  solid  bodies. 

Variable.    A  quantity  considered  in  any  m- 
vestigation  may  be  regarded  as  either  constant 
or  varying  during  the  course  of  it.  Thus  a  rect- 
angle may  be  considered  as  described  by  a  con- 
stant line  which  moves  parallel  to  itself  along  a 
given  line.    Any  plane  curve  may  be  considered 
as  described  in  the  same  way  by  a  variable 
straight  line. 
Variation.   See  Lunar  Theory. 
Variatious,  Calculus  of.    Allusion  has 
already  been  made  to  the  principles  of  this  re- 
markable method  in  Analysis.     Its  foundation 
is  a  method  of  differentiation,  but  quite  of  a 
peculiar  kind.    For  instance,  it  is  the  primary 
object  of  the  ordinary  calculus,  to  determine  the 
form  that  must  be  assumed  by  the  function  tp  x, 
if  X  should  receive  an  increment  or  become  x  + 
h.    In  the  calculus  of  Variations  the  object  is  to 
ascertam  and  lay  down  the  laws  of  the  changes 
supervening  on  a  slight  alteration  of  the/om  r/ 
the  function,  or  should  <p  x  become  ipi  x.  Had 
space  permitted,  we  should  have  given  an  out- 
Ime  of  the  pi'esent  gi-asp  of  this  calculus.  Pro- 
blems of  laoperimeters,  formerly  insoluble,  it 
commands  with  utmost  ease.    Its  power  over 
mechanical  problems,  was  long  ago  demonstrated 
by  Lagrange.    At  present  tliere  is  no  depart- 
ment of  high  physics  that  can  be  touched  with- 
out its  aid.    The  student  is  recommended  to  the 
treatise  by  Mr.  Airy,  the  more  extensive  one  of 
Professor  Jellett,  and  the  great  German  work  of 
Strauch. 

Variation   of  tbc  ITffooM.    See  Lunar 

TlIKOUY. 

Vault.     Unfortunately  we  can  now  add 

nothuig  more  to  the  elementary  theory  given  of 
the  Akoh  under  a  former  article.  The  student 
IS  referred  to  an  excellent  and  perspicuous  ele- 
mentary work-Hann's  Theovij  of  Bridges,  and 


ahove^  .all,  others  to  Pidfessor  Moseley's  .E'Mtonee^;  i 
.il^gi^pd  Architecture.::  ; 
^;„;yector,  Radius.'"  WiieS'-a;'tii&y''afescHWk 
4iiy  path  round  a  fixed  point,  the  radius  vector  at 
any  moment  is  the  line  drawn  from  the  fixed 
point  to  the  position,  of  the  body  at  that  time. 
^IjTcIocity.    The  speed  with  which  a  body  is 
ij^oving.    If  the  body  move  uniformly,  this  may 
^yidently  be  ineasured  by  the  quotient  of  the 
space  di\T[cled  by  the  time.    Thus  ,  the  velocity 
30  miles  an  hour,  would  be  repreiiented  by  30 
if  the  units  be  miles  and  hours.    Where  the 
,  niovenjient  is  not  uniform,  the  velocity  is  measured 
^■^j^jthe  sjDace  described  in  an  infinitely  small  time 

'Mk^' W  the  tiihe:  Thus       is  the  measure  of 

'^eiolAi^'.''  For  angular  veWcity,"See  Rotation. 
■ .T'ef ociiics  Vii'tiial,  Principle  of.  Under 
StAtics,  the  notion  of  this  principle  has  been 
unfolded  and  its  nature  described,  as  the  formal 
Imk  between  the  general  principles  of  Equi- 
'  librium  dnd  Abstract  Analysis.     Its  merit 
indeed  is,  that  it  contains  and  expresses  in 
an  analytic  form,  the  entire  foundations  and 
peciiliarities  of  statical  problems.     Many  de- 
monstrations have  been  given  of  the  principle  of 
'  Virtual  velocities ;  some  of  them  resting  on  very 
"aBstract  mathematics,  and  —  exactly  as  they 
'have  done  so— w'ith  indilferent  success.     It  is 
hot  an  abstract  mathematical  proposition  a^t 
all.    Just  as  the  principle  of  D'Alembert  is  a 
permissible  generalization  of  the  law  of  the 
equality  of  action  and  re-action,  so  is  this  prin- 
ciple of  Varignoh,  or  rather  of  Lagi'ange,  a  pennis- 
sible  generalization  of  the  simplest  and  best 
"  Jinown  laws  of  equilibrium.     In  neither  case, 
however,  is  the  generalization  reached  by  rash  or 
arbitrary  inference.    Certain  definite  notions  or 
laws  or  modes  of  reasoning  on  these  subjects  hav- 
"  ihg  been  accepted — whether  on  the  authoritj^  of 
•'liiiiversal  experience  or  of  intuition,  or  what  is 
•'hearer  the  tnith,  a  mixtm-e  of  the  two— a  few 
elementary  facts  or  formal  expressions  of  facts,  be- 
'  tome  capable  of  being  generalized  into  those  two 
•"*laws.   We  are  touching  however  on  metaphy- 
'  'siCal  rather  than  on  phj'sical  diflaculties.  The 
'  "Scientific  import  of  the  princiiile  of  virtual  veloci- 
ties, is  that  belonging  to  a  link,  as  aforesaid  ;  as 
iD'Alembert's  principle,  in  its  tm-n,  resolves 
Dynamical  into  Statical  problems. — See  a  very 
^'interesting  article  by  Professor  De  Morgan  in 
'  Knight's  Cgclopredia. 

Veiiiilntioii  has  been  defined  "  the  art  of 
•  supplying  enclosed  spaces  with  adequate  quan 
'  tities  of  pure  atmos[)heric  air."  Man  does  not 
live  by  bread  alone.  Besides  food  to  cat  and 
water  to  drink,  he  must  have  air  to  breathe. 
From  the  moment  of  his  birth  to  that  of  his 
death,  twenty  times  every  minute,  he  must  in 
hale  his  aerial  draught.  Of  his  material  wants 
the  demand  for  air  is  by  far  the  most  inexorable, 
lood  he  may  go  without  for  many  hours ;  water 


be  TCt(uirfeS  diily  occasionally ;  but  let  him  Ije 
deprived  of  air  for  a  few  seconds  only,  and 
death  is  iilevitable. — -The  gaseous  compound  pro- 
vided'hy  natilre  for  the  use  of  man  in  respira- 
tion—Common or  atmospheric  air — consists  df 
two  ingredients,  oxygen  and  azote,  combined  in 
the  proportion  of  one  measure  of  the  former  to 
four  of  the  latter.    Of  no  other  mixture  can  he 
partake  with  perfect  eafetj'.    A  man  of  average 
size  inhales  about  three  thousand  gallons  of 
air  in  a  day.    To  meet  this  air,  physiologists 
tell  us  that  the  heart  sends  two  ounces  of  blood, 
seventy -five  times  a  minute,  or  twenty -four 
hogsheads  in  twenty -four  hours.    Not  a  few 
important  consequences  ensue  from  bringing  to- 
gether these  enormous  quantities  of  air  and  blood. 
A  fire  without  flame  is  kindled,  and  a  large  amount 
of  heat  is  produced.     The  blood  is  purified,  tbe 
air  is  vitiated ;  a  fifth  part  of  the  oxygen  of  the 
inspired  air  disappears,  and  is  replaced  by  a 
deadly  poison,  carbonic  acid  gas.    The  mixture 
ex-pired  is  wholly  unfit  for  the  support  of  animal 
life.    When  man  is  in  the  open  air,  the  evolu- 
tion of  the  noxious  products  of  respiration  is  at- 
tended with  little  harm.    Being  warmer  than 
the  surrounding  air,  and  therefore,  bulk  for  bulk, 
lighter,  they  immediately,  like  oil  in  water,  rife 
to  a  higher  level,  where  they  are  speedily  dif- 
fused, leaving  their  place  to  be  filled  hy  the 
rushing  in  of  the  colder,  denser  fluid  around. — 
But  we  do  not  live  alwaj-s  in  .the  open  air.  At- 
mospheric \'icissitudes,  were  there  nothing  else, 
compel  us  to  have  recoiu-se  to  "  ceiled  houses." 
In  these,  it  will  readily  be  perceived,  the  process 
of  respiration  is  carried  on  in  circumstances  alto- 
gether different.    In  few  cases  is  there  provided 
either  outlet  or  inlet  for  air.    In  the  earlier  ages 
when  the  openings  for  light  were  at  the  same  time 
openings  for  air,  something  like  ventilation  ne^ 
cessarily  took  place,  but  the  invention  of  glass 
windows  put  an  end  to  tliat.    It  need  cause 
no  surprise  that  such  a  state  of  matters  should 
frequently  be  attended  with  injurious  conse- 
quences.   With  tlie  causes  of  contamination  io 
fuU  acti\nty,  and  the  natural  movements  of  the 
air,  whereby  the  defilement  might  be  neutral- 
ized, carefully  and  studiously  prevented,  what 
can  possibly  follow  but  disease  and  sometimes 
death?    Numberless  plans  have  been  adopted 
for  clearing  buildings  or  apartments,  of  foul  air. 
From  the  days  of  Desaguliers  and  Hales,  fsw 
years  have  elapsed  without  the  aiipenrance  of  an 
expedient  for  accomplishing  complete  and  perfiE«t 
ventilation.    It  is  well,  however,  to  keep  in 
mind  that  the  leading  principles  involved  in  tbe 
problem  are  few.    In  every  system  of  domestic 
ventilation  there  must  be  an  outlet  for  the  vitiafw 
air,  and  an  inlet  for  fresli  air.    Having  obtained 
these,  the  next  point  to  be  considered  is, 
means  to  be  used  to  cause  a  current  between  tbe 
two.    In  the  spontaneous  ventilation  of  nature, 
we  have  scon  that  the  heat  of  the  expired  air  m 
ordinary  circumstances  is  enough  for  this  purpose, 
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and  there  can  be  no  doubt  that  but  for  artificial 
interniptions  the  case  in  rooms  would  be  exactly' 
the  same.  The  cause  of  motion  would  be  the 
ditference  of  temperature  between  the  air  ex- 
jielled  from  the  chest  of  the  individual  breatli- 
ing,  and  that  immediately  outside  the  apartment. 
An  operation,  in  short,  would  be  instituted  iden- 
tical in  character  with  the  draught  of  the  common 
chinmey.  Few  apartments,  however,  are  con- 
structed with  a  view  to  admit  of  this  simple  pro- 
cess being  brought  into  play.  The  ceilings  are 
almost  invariably  flat  and  impervious.  If  these 
be  outlet  or  inlet  at  all,  these,  generally  speaking, 
are  furnished  by  very  sorry  make-shifts,— such 
as  imperfectly  fitted  casements,  wai-ped  doors, 
keyholes,  and  chinks  in  the  walls  of  the  building. 
But  what  of  the  chimney?  it  may  be  asked 
is  not  the  open  fire-place  and  flue  quite  a  suffi- 
cient outlet  for  the  vitiated  air  ?    There  can  be 

!  no  doubt  that  as  at  present  constructed  they  are 
not  The  brisk  draught  caused  by  a  blazing  fire 
in  an  open  gi-ate  does  much,  certainly,  to  change 
the  air  near  the  floor,  but  this  is  by  no  means  all 
that  is  wanted.  The  hotter  strata  near  the  ceil- 
ing, contain  the  baneful  products  of  breathing  and 
burning,  togetherwith  various  animal  exhalations; 
and  these,  it  is  obvious,  can  be  but  little  affected  by 
the  chimney  current.  Several  contrivances  have 
been  brought  forward  with  the  view  of  aiding 

I  the  open  fire-place  in  ventilating  the  apartment. 
Tredgold  recommended  an  inverted  syphon,  the 

( one  leg  to  open  into  the  chimney, — the  mouth  of 

I  the  tube,  with  a  register,  being  placed  near  the 
ceiling.  Mr.  Toyubee  inserted  into  the  chimney, 
a  little  way  from  the  ceiling  of  the  room,  a  square 
iron  tube,  fitted  at  the  end  opening  into  the  room 
with  a  plate  of  perforated  zinc,  and  a  flap  of  oUed 

!  silk  to  act  as  a  valve,  allowing  the  foul  air  to  pass 
np  and  prevent  smoke  coming  down.  Another  in- 
strument, intended  to  answer  the  same  purpose, 

i  is  the  balanced  valve  of  Dr.  Arnott.    Where  the 

■  outlets  and  inlets  are  properly  adjusted,  this  con- 
trivance often  proves  of  great  service  in  seeming  a 
draught  from  the  upper  part  of  the  apartment 
In  most  places  fitted  up  with  the  view  of  allow- 
ing spontaneous  ventilation  full  play,  it  is  cus- 
tomary to  have  the  abduction  tubes  at  the  roof, 
and  the  induction  tubes  near  the  floor.  This 
arrangement,  however  good  theoretically,  is  in 
practice  attended  wth  inconvenience.  Cold  cur- 
rents on  the  lower  portions  of  the  bodj'  are  un- 
avoidable. A  plan  altogether  different  from  these 
has  been  tried  lately,  and  apparently  with  the 
best  results.  The  method  adverted  to  is  founded 
on  the  circumstance  that  one  tube,  provided  it  be 
sufficiently  capacious,  maj'  serve  at  one  and  the 
same  instant  for  abduction  and  induction, — the 
centre  being  occupied  by  a  column  of  warm  out- 

.  going  air,  while  towards  the  circumference  a 

■stream  of  cool  air  is  rusliing  inwards.  Although 
a  partial  knowledge  of  the  fact  of  counter  cur- 
rents taking  place  in  a  single  opening  was  pos- 

:  sesse J  by  the  earlier  AVritera  on!  ventilatiouj  Mr. 
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M'Kinnell,  of  Glasgow,  was.  the  first,  it  is  be- 
lieved, to  discover,  and  draw  attention  to,  this 
invariable  arrangement  of  aerial  cuiTOnts  in  the 
circumstances  described.  Openings  of  sufficient 
capacity,  however,  to  admit  of  the  unimpeded 
movements  of  these  currents,  would,  in  the  cli- 
mate of  Britain,  be  intolerable.  But,  on  inves- 
tigation, it  was  found  that  the  same  effects  could 
be  obtained  in  smaller  space  by  relicNdng  the 
ascending  and  descending  currents  from  mutual 
contact.  Mr.  M'Kinnell's  patent  ventilator  is 
constructed  on  these  principles.  It  consists 
mainly  of  two  tubes  arranged  concentrically, 
the  inner  discharging  the  vitiated  air,  while  the 
fresh  supply  flows  down  the  outer  tube.  It  is 
almost  automatic  in  its  action,  requiring  little 
or  no  attention  in  ordinary  circumstances.  It 
removes  the  air  as  it  is  vitiated,  and  supplies  its 
place  with  pure  air,  in  the  exact  amount  required, 
in  currents  so  gentle  as  scarcely  to  be  perceptible. 
The  contrivance  also  possesses  this  great  advan- 
tage, that  it  can  be  introduced,  and  acts  as  effec- 
tively, between  the  ceiling  and  floor  of  the  lower 
storeys  of  buildings  as  in  apartments  having  im- 
mediate access  to  the  roof.  It  may  be  well  to 
mention  that  the  schools  of  the  Highland  Society, 
and  a  number  of  other  public  buildings  in  Glas- 
gow, have  been  ventilated  on  this  principle  witli 
the  best  possible  results.  Several  scientific  gen- 
tlemen of  eminence  have  examined  the  apparatus 
in  operation,  and  have  spoken  favoiu-ably  regard- 
ing its  merits,  as  an  instrument  at  once  simple 
and  effective.  Such  bemg  the  ^act,  it  is  to  be 
hoped  that  the  capabilities  of  the  invention  to 
attain  the  important  end  in  view  will  be  fairly 
tested ;  and  it  will  be  gi-atify-iug,  if  the  long  vexed 
question  as  to  the  best  mode  of  ventilation  should 
be  set  at  rest  by  this  appeal  to  what  seems  to  be 
one  of  those  laws  which  cannot  be  violated  or 
overlooked  with  impunity- — the  laws  of  Nature. 

Vcims.  The  second,  and  to  the  eye,  the  most 
beautiful  star  in  the  heavens.  Being  nearer  the 
sun  than  the  earth,  her  apparent  path  is  mainly 
an  oscillation  to  and  fro — with  the  sun  as  its 
centre, — from  which  central  point  the  planet  de- 
parts only  about  4G°; — an  angle  termed  her 
maximum  elongation.  According  to  the  side  of 
the  sun  on  which  she  is,  Venus  is  our  morning  or 
evening  star.  If  to  the  east  of  that  luminai-y, 
she  sets  after  him,  and  then  is  the  Htisper  of  the 
ancients  ;  if  on  the  west,  she  rises  first,  and  then 
is  the  welcome  Lucifer.  The  light  of  Venus  is  a 
dazzling  white,  and  so  brilliant  as  to  cast  a  dis- 
tinct shadow  even  under  our  northern  impure 
skies.  The  planet's  mean  distance  from  the  sun  is 
08,897,500  miles,  so  that,  when  at  inferior  con- 
junction she  is  only  27  millions  of  miles  from 
tlie  Eartli.  The  diameter  of  Venus  is  7,807 
miles— loss  than  that  of  the  earth  by  a  verv 
small  amount;  her  density  is  fully  one-eightli 
greater  than  tlie  density  of  our  globe,  or  more 
accurately  1-12;  the  period  of  her  orbital  re- 
volution 224  days,  IG  hours,  49  minutes,  and  7 
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seconds ;  and  the  length  of  her  day  is  23  hours, 
'21  minutes,  22  seconds.    From  the  comparative 
proximity  of  this  planet,  one  might  reasonably 
expect  that  much  information  concerning  its  sur- 
face has  been  accumulated.    Unfortimately  this 
is  not  the  case.    When  Venus  is  nearest  us,  only 
a  very  small  part  of  her  illuminated  portion  is 
turned  towards  the  earth,  and  she  is  then  very 
near  the  sun.    But  further,  the  planet  appears  to 
have  a  very  dense  atmosphere  charged  with 
clouds ;  and  the  consequence  is  that  her  true 
surface  has  been  rarely  if  ever  seen.    We  may 
safely  dismiss  the  details  and  measurements  of 
her  mountains  given  by  Schroeter,  as  pure  ro- 
mance ;  nevertheless  it  is  not  so  easy  to  discard 
the  numerous  intimations  of  the  existence  of 
mountains  that  were  noticed  by  Sir  William 
Herschel.    Indeed,  there  is  an  antecedent  proba- 
bility in  favour  of  such  a  fact,  inasmuch  as  the 
upheaving  cause  that  has  disrupted  and  rendered 
so  uneven  the  smfaces  of  other  better  known 
bodies,  is  in  all  lilselihood  a  cosmical  one.    If  the 
determination  usually  given  of  the  inclination  of 
the  axis  of  Venus  to  the  plane  of  its  orbit,  viz., 
74°,  be  correct,  the  relations  of  the  surface  of  the 
planet  to  heat  and  the  seasons,  must  be  very  dif- 
ferent from  ours ;  the  breadth  of  its  torrid  zone 
must  be  equal  to  nearly  five-sixths  of  its  entire 
curcumference.    In  this  respect  Venus  stands  out 
in  remarkable  contrast  with  Jupiter,  for  this  gor- 
geous planet  may  be  said  to  have  no  seasons. 
The  orbit  of  Venus  lying  within  the  orbit  of  the 
earth,  that  planet  necessarily  has  phases.    It  is 
not,  however,  at  superior  conjunction  or  when  she 
is  full,  that  she  sends  out  the  greatest  quantity  of 
light.    At  that  position  in  her  orbit  she  is  far- 
thest from  the  earth,  and  her  light  is  diminished 
by  distance.    Her  position  of  greatest  brilliancy 
is  an  intermediate  point,  viz.,  when  her  elonga- 
tion is  40°,  although  then  she  is  in  phase. 
Venus,  because  of  her  proximity  and  her  mass, 
must  largely  affect  the  earth's  orbit  by  inducing 
perturbations.    One  of  these,  of  long  period,  has 
been  determined  only  in  recent  times.  The  general 
relations  of  the  two'pknets  in  their  orbits  are  the 
following : — Thirleen  times  the  period  of  Venus 
is  verj'  neariy  equal  to  eight  times  that  of  the 
eartli ;  and  this  gives  rise  to  an  approximate  co- 
incidence of  every  fifth  conjunction  in  the  same 
parts  of  each  orbit.     The  coincidence  is  not 
exact,  so  that  besides  the  effects  arising  from 
the  relation  just  stated,  there  is  necessarily  ac- 
cumulating, effects  springing  out  of  this  non- 
exactness.    These  pass  though  a  course  idso, 
occupying  very  many  years,  and  constitute  a  lon(j 
imquulity.    The  detection  and  full  discussion  of 
this  inequality  is  due  to  Mr.  Airy.    It  amounts 
to  only  a  few  seconds  at  its  maximum,  and  its 
period  is  240  years.    We  have  already  referred 
under  LunAK  Thiwry  to  a  similar  action  of 
Venus  on  our  Moon. 

VcniiH,  Trniii-ifs  of.  If  the  orbits  of  the 
two  planets  between  us  and  the  sun  lay  la  the 
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plane  of  the  ecliptic  it  is  ea-sy  to  see  that,  at  one 
period  of  ever}'  revolution  they  would  seem  to  an 
observer  on  the  earth  to  transit  or  pass  across 
the  Sim's  disc,  exactly  as  each  of  the  satellites  of 
Jupiter  transits  at  every  revolution  the  disc  of  that 
planet.  The  inclinations  of  the  two  orbits,  how- 
ever, interfere  mth  the  regularity  of  this  occur- 
rence ;  and  we  have  such  transits  accordingly  only 
when — as  in  the  case  of  eclipses  of  the  sun  and 
moon — the  nodes  of  these  orbits  are  in  suitable 
positions.  These  phenomena  are  of  no  impor- 
tance in  regard  of  any  light  they  shed  on  the 
physical  character,  or  relations  of  anj'  of  the 
bodies  concerned ;  but  they,  constitute  our  b&st 
means  of  ascertaining  the  distance,  or  the  paral- 
lax of  the  sun.    A  simple  illustration  will  make 
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the  process  clear.  Let  s  s'  be  the  vertical 
diameter  of  the  sun,  e  e'  the  vertical  diameter  of 
the  earth,  and  v  an  interv^eniug  body.  An 
observer  at  e,  will  see  that  body  projected  on  the 
sun  at  T,  while  one  at  E'  sees  its  projection  at  x'. 
If  then  that  distance  t  t'  can  be  measured,  as 
well  as  the  distance  B  e',  it  is  plain  that  the 
ratio  of  the  distances  e  v  and  v  t  are  determined, 
for  because  of  the  similarity  of  the  triangles,  the 
followuQg  proposition  holds 

EE':  T  t'  =  E  V  :  A'  T. 
Should  E  V  be  also  known,  the  distance  v  x,  and 
therefore  e  t  would  thus  be  determined.  It 
scarcely  requires  to  be  remarked  that  the  nearer 
the  body  v  is  to  the  earth,  the  intercepted  space 
T  will  appear  larger,  and  that  errors  of  me;i- 
surementwill  therefore  less  affect  the  accuracy  of 
the  result ;  on  which  account  as  Avell  as  several 
others,  the  transits  of  Venus  are  of  much  more 
importance  than  those  of  Mercurj-  in  their  appli- 
cation to  determine  the  distance  or  parallax  of 
the  sun.  The  practical  question  remains,  how- 
ever, by  what  means  shall  we  measure  x  x'  ? 
Let  the  occurrence  be  transferred  to  the  disc  of 
the  sun.  If  that  disc  is 
represented  by  the  sub- 
joined circle,  the  paths  of 
the  two  ap])arent  transits 
will  evidenlly  be  x  x"  and 
T'  X'" ;  and  as  these  are 
of  diflwent  lengths,  the 
periods  occupied  by  tlie 
transits  will  be  different 
Now,  as  tlie  distance  be- 
tween the  two  chords  is  necessarUy  a  funct_ 
of  that  difference,  an  accurate  detennmaU 
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of  the  one  will  necesaarily  conduct  to  a  coiTect 
value  of  the  former.  The  problem  is  there- 
fore reduced  to  this — required  the  periods  occu- 
pied by  Veuus  in  passing  across  the  disc  of  the 
sun,  as  that  phenomenon  is  seen  by  observers  at 
difterent  places  of  the  earth  suitably  chosen  and 
at  considerable  distances  from  each  other.  The 
calculation  is  not  so  brief  certainly  as  represented 
in  our  illustration,  but  as  the  entire  nature  of 
coiTections,  &c.,  that  are  required,  is  explained 
in  Eclipses  and  Occultatioms,  they  need  not 
be  again  discussed.  Tliese  transits  are  of  very 
rare  occurrence,  and  the  intervals  of  time  that 
separate  them  might  well  appear  capricious; 
they  form  a  recurrence,  however — the  following 
being  the  cycle  in  years,  8,  122.  8,  105.  The 
transits  never  happen  unless  in  J  une  and  No- 
vember. On  the  last  occasion,  when  Captain 
Cook  had  it  in  charge  to  observe  from  Otaheite, 
viz.,  in  1769,  the  sun's  parallax  was  determined 
to  be  8"-5776.  One  hundred  and  Jive  years 
added  to  1769,  brings  us  to  the  year  1874, 
when  the  next  transit  will  occur  on  December 
8th;  and  eight  years  farther  on,  viz.,  on  Decem- 
ber 6th,  1882,  another  opportunity  of  repeating 
the  measurements  will  be  within  reach  of  Astro- 
nomers. There  will  not  be  another  such  tran- 
sit until  the  year  2004. 

Vernier.  When  the  unit  of  any  line  is 
divided  into  the  largest  number  of  small  equal 
parts  that  can  be  introduced  conveniently  to  the 
mechanician,  many  purposes  induce  us  to  seek 
for  a  still  minuter  subdivision.  The  method  by 
which  Vernier  procured  this  was  the  following: — 
Let  one  of  the  units  be  divided  by  mechanical 
means  into  m  parts  ;  and  let  a  little  sliding  scale, 
upon  which  a  unit  is  engraved  be  divided  uito 
»»  -|-  1  parts.  Then  suppose  that  in  the  measm-e- 
ment  of  any  magnitude  which  reaches 
up  to  the  point  p,  the  last  imit  divi- 
sion on  the  original  scale  of  measure- 
ment A,  is  at  H.  Then  let  the  sub- 
division go  on  as  marked  in  the  figure, 
B-  r  P  lying  between  the  «th  and  the  n  + 
1th.  Move  the  Veniier  is  which  is 
attached  to  the  instrument  by  a  very 
fine  screw  motion,  until  a  division  of 
it  be  just  at  p.  Count  down  how 
many  spaces  on  the  vernier  we  have 
to  go  before  there  is  a  point  for  which 
Us  division  exactly  coincides  with  tliat  of  the 
original  scale,  and  suppose  that  p  divisions 
are  so  necessarj-.     Then  if  the  space  p  k  be 

called  x,  we  have  x  +  (p  —  1.)  — =  ^,  . 
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Hence  the  value  rt  p  is  accurately  measured. 
— To  discern  how  much  smaller  a  quantity 
may  be  thus  measured,  than  by  the  ordi- 
nary' processes  of  measm-mg  by  mths  and  m 
-j-  Iths;  we  remark  that  the  only  two  ap- 
proximations to  the  value  of  h  p,  without  tlie 

veriiier  would  be  —  «  and  — '  '('w'-f-','i)."^ow  if  ;j 
m  m 

=  1,  the  additional  quantitj'  measured  is  — p— 

»«  +  1 

of  the  division  of  a.  Thus  if  the  di-^dsions  ai-e  in 
lOths,  the  vernier  enables  us  to  read  with  the 
same  accuracy  to  llOths.— This  is  the  only  im- 
portant method  now  used.  Another,  called  after 
Nonius  has  become  quite  obsolete.  Microscopes 
are  usually  attached  to  an  instrument  provided 
with  a  vernier,  so  as  to  enable  us  to  see  accu- 
rately when  p,  one  of  the  vernier  division  lines, 
coincides  with  one  of  the  division  Imes  of  the 
proper  scale. 

Vertical.  The  direction  in  which  a  plummet 
hangs — that  is  the  direction  of  the  radius  of  the 
earth.  This  not  quite  the  direction  (v.  Devia- 
tion) near  a  large  mountain,  in  consequence  of 
the  attraction  of  the  mountain  itself. 

Vesta.  One  of  the  Asteroids.  For  Elements, 
&c.,  see  AsTEEOiDS. 

Vibration.  See  ACOUSTICS,  Undulatoky 
Theory,  &c. 

Victoria.  One  of  the  Asteroids.  For  Ele- 
ments, &c.,  see  Asteroids. 

Virgo.  A  well  known  constellation  in  the 
Zodiac. 

Vision.  The  phenomena  of  vision  have  been 
largely  discussed  under  other  articles.  See  Eye, 
Parallax  Binoculak,  Stereoscope,  &c. 

Vis  Viva;  liiving  Forces,  Coiiscrvnliou 

of.  During  the  Augustan  period  of  Leibnitz  and 
the  BernouilMs,  a  question  was  hotly  debated  as 
to  the  right  measure  of  force, — viz.,  whether  it 
ought  to  be  the  mass  multiplied  by  the  square  oj 
the  velocity,  or  by  the  siinple  velocity.  D'Alcm- 
bert,  in  his  very  beautiful  treatise  on  Dynamics, 
represents'  the  question  as  a  purelj'  verbal  one.  1 1 
was  not  so ;  although  no  practical  problem  could 
turn  up,  about  whose  treatment  the  scientiliu 
combatants  would  have  disagreed.  Hence  the 
controversy  must  have  been  caused  by  the  omis- 
sion, from  general  propositions,  of  considerations 
that  always  entered  with  duo  weight  into  the 
treatment  of  special  [jropositious;  or  in  the  general 
proposition,  an  imperfect  dulinition  of  some  of 

these  considerations  must  have  been  admitted.  
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The  vis  viva  of  any  system  of  bodies  in  motion, 

is  the  sum  of  all  the  masses,  each  multiplied  hy 
the  sqtinre  of  its  velocity.    If  the  system  consist 
of  a  finite  number  of  separate  molecales,  the 
theorem  is  expressed  by  the  equation ; — 
2  m  .  z)  3 

If  we  treat  of  a  continuous  mass  of  a  body,  for 
instance,  the  expression  is : — 
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The  Comervation  of  the  Vires  Vivce  is  this, — no 
system  of  bodies  in  motion,  can  acquire  or  lose 
any  quantity  of  vis  viva,  in  consequence  of  the 
mutual  action  of  its  difi'erent  parts.  This  loss  or 
acquisition  must  accrue  through  the  agency  of 
external  forces.  In  technical  language,  when 
external  forces  are  not  operative,  we  have  2  m  w  ' 
necessarily  constant.  This  proposition  is  so  valu- 
able, that  it  may  be  taken  as  one  main  founda- 
tion of  the  philosophy  of  Machines.  Still  far- 
ther, in  all  cases  that  occur  in  nature,  the  amount 
of  the  vis  viva  acquired  in  passing  from  one 
position  to  another,  depends  on  the  co-ordinates 
which  settle  the  initial  and  final  positions. 

Voltaic  Pile.  Shortly  after  the  discovery, 
by  Galvani,  of  the  remarkable  effects  of  associ- 
ated metals  and  liquids,  in  developing  an  agency 
capable  of  powerfully  affecting  the  nerves  of  living 
or  recently  killed  animals.  Prof  Volta  of  Pavia, 
deeply  interested  in  the  new  field  thus  opened  up 
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to  research,  was  led  to  notice  particularly  the  im- 
portance of  the  contact  of  the  dissimilar  metals  in 
developing  this  phenomenon.  By  some  fortunate 
combination  of  thought,  he  conceived  the  happy 
idea  not  onh'  of  increasing  the  amount  of  energj' 
by  enlarging  the  surfaces  of  the  metallic  plates  in 
contact,  but  also  of  greatly  modifying  it  by  placing 
one  combination  or  element  above  another,  and 
conducting  the  cuiTcnt  thus  produced  through 
wires  connected  with  the  upper  and  lower  plates. 
This  arrangement  was  called  the  Pile,  its  ends 
were  named  the  poles  from 
their  opposite  qualities.  The 
figure  represents  a  portion  of  ^ 
a  pile,  such  as  that  first  con- 
structed by  Volta ;  z  is  a 
zinc  plate,  h  a  similar  plate 
of  copper,  and  c  of  cloth  of 
the  same  size.  The  cloth  is 
moistened  with  an  acidu- 
lated solution,  such  as  one 
part  of  sulphuric  acid,  and 
twelve  parts  of  water.  An 
element  consists  of  zinc,  copper,  cloth,  and  these 
elements  are  placed  above  each  other,  in  the 
order  indicated.  The  current  of  electricity  is 
supposed  to  travel  as  shown  by  the  arrows. — 
For  the  improvements  on  this  wonderful  ap- 
paratus see  Battery  and  Electro-Dynamics. 

Vortex  Wheel,  or  Turbine.  See  Water- 
Wheels. 


Waterspout.  The  meteorological  phenome- 
n  )n  known  by  the  name  of  waterspout  has  been 
long  the  subject  of  terror  and  amazement  to  the 
sailor,  and  of  inquiry  and  conjecture  to  the 
philosopher.  The  apparition  itself  is  thus  de- 
*  scribed  by  Malte  Brun : — "  Underneath  a  dense 
cloud  the  sea  becomes  agitated  with  violent  com- 
motion, the  waves  dart  rapidly  round  the  centre 
of  the  agitated  mass  of  water,  on  arriving  at 
which  they  are  dispersed  into  vapour,  and  rise 
whirling  round  in  a  spiral  direction  towards  the 
cloud.  This  conical  ascending  column  is  met 
by  another  descending  which  joins  with  it.  The 
lower  is  often  from  five  to  eighty  fathoms  in 
diameter  at  its  base.  Both  columns,  however, 
diminish  towards  the  middle  so  as  to  be  not  more 
than  three  or  four  feet  in  diameter.  The  entire 
column  presents  itself  in  the  form  of  a  hollow 
cvlinder,  or  tube  of  glass,  empty  within.  It 
glides  over  the  sea  without  any  noise  being  lieard." 
As  to  the  real  nature  of  the  column  which  con- 
stitutes the  chief  part  of  this  phenomenon,  and  as 
to  the  causes  wliich  give  rise  to  it,  very  many 
conjectures  have  been  made  by  Benjamin  Frank- 
lin, Malte  Brun,  Oersted,  Peltier,  and  others, 
some  of  tliem  plausible  but  incomplete,  and  alto- 
getlier  deficient  in  proof;  others  untenable  ns 
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being  contrary  to  the  established  principles  of 
physics.  Recently  the  subject  has  been  made 
matter  of  theoretical  and  experimental  research 
by  Dr.  Taylor  of  Glasgow,  and  the  results  pre- 
sented to  the  British  Association  in  a  paper  read 
at  the  Glasgow  meeting  in  1855.  As  the  ex- 
planation seems  to  be  complete  and  satisfactory, 
the  object  of  this  article  will  be  best  attained  by 
the  following  extract  from  the  paper  referred  to : 

 "  Although  some  theories  of  the  waterspout, 

more  or  less  plausible,  have  been  proposed,  yet  I 
believe  it  may  l)e  correctly  stated  that  no  attempt 
has  been  made  from  any  of  them  to  accoxmt  for 
all  the  phenomena,  far  less  to  give  anytliing  like 
a  rigid  analysis  or  experimental  proof.  The 
theory  whicli'  seems  most  eligible  is  that  which 
supix)ses  the  cause  of  the  appearance  of  the  spout 
to  be  a  whirlwind,  produced  most  probably  as  is 
seen  on  the  small  scale  in  dust  eddies,  or  dimples 
in  a  stream  of  water.  But  the  dilliculty  comes 
to  be  felt  in  the  details.  What  is  the  tube  or 
spout  ?  Wliat  force  projects  it  downward  and 
again  draws  it  up  ?  If  it  be  the  superincum- 
bent pressure  forcing  dowi  a  portion  of  air 
and  cloud  into  the  rarefied  space  in  the  in- 
terior of  the  rotating  column,  how  does  this 
account  for  the  strange  ajipearancc  frequenUy 
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seen,  of  four  or  even  more  snake -like  tubes 
descending  close  together?'  Is  it  possible  to  sup- 
pose each  to  have  a  separate  ■wliirl  round  it '? 
This  cannot  be,  as  the  opposite  currents  when 
I  they  join  would  destroy  each  other.  See  fig.  1. 
I  Again,  the  columns  or 

Vi  spouts  are  frequently  seen 

"  to  have  a  regular  coil- 

ing motion  like  a  liv- 
ing snake,  and  also  to 
dilate  and  collapse  like 
the  drinking  throat  of 
an  animal.  I  adopt  the 
theory  that  the  pheno- 
menon is  one  of  rotation, 
^'S-  !•  and  subject  the  matter 

to  calculation,  thus: — 1st,  Is  it  possible  that 
the  spout  can  be  a  real  vacuum   as  some 
;have  supposed?     If  so,  the  rotatory  motion 
imust  be  great  enough  to  generate  at  its  ex- 
■  terior  limits  sufficient  centrifugal  pressure  to 
sustain  the  whole  force  of  the  atmosphere. 
Suppose  then  that  we  have  a  line  of  particles 
rotating  in  a  horizontal  plane  round  its  one  end 
;as  a  centre  as  at  c,  then  xu  being  the  angular 
1  velocity  r  w  will  be  the  absolute  velocity  of  any 


Fig.  2. 


[larticle  whose  distance  from  c  is  r,  and  its  cen- 

Then  the  out- 


trifugal  force  is  ^  ^  or  r  w-. 


ward  force  at  d  being  due  to  the  accumulation  of 
the  efforts  of  the  whole  line  of  particles  we  have 

«2 


=/ 


r  d  r  =: 


-j-  c,  and  if  we 


take  the  diameter  of  the  tube  or  non-rotnting 
jiart  to  be  inconsiderable,  c  will  be  =  o  and  f  = 

— - —  where  r  now  signifies  the  outer  limit  of 

'  the  revolving  line  of  particles,  but  v  =  r  w,  bo 

-  —  F,  and  this  centrifugal  force  acting  on  the 

■xterior  particle  is  to  be,  in  the  case  of  a  va- 
( unm  being  left  at  c,  equal  to  the  whole  accumu- 
lative force  of  gravity,  which  if  h  be  the  height 
jf  a  uniform  atmosphere,  will  be  h  (/  where  fj  is 
v' 

illhe  force  of  gravity,  so  ~  =  n  y  or  v''  =  2  ii  i; 

trv=:\/  2g  ir,  which  is  also  the  velocity  which 
i  body  could  acquire  by  falling  freely  from  the 
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height  II.  So  we  see  that  the  exterior  boundary  of 
the  revolving  plate  of  air  would  require  to  have  a 
velocity  altogether  incredible  and  utterly  incom- 
patible with  the  comparatively  harmless  nature 
of  waterspouts — -twenty-five  miles  per  minute, 
while  the  most  violent  hurricane  has  only  a  speed 
of  from  one  to  two  miles  per  minute.  Ships  have 
passed  through  waterspouts  with  only  the  loss  of 
a  sail  or  two.  But,  indeed,  it  is  evident  that,  xm- 
less  the  whirl  extended  to  the  upper  limits  of  the 
atmosphere,  it  is  utterly  impossible  that  a  vacuum 
could  subsist,  even  were  the  rotatory  velocity 
of  the  surrounding  air  great  enough.  If  the 
phenomenon  be  one  produced  by  rotation  there 
can  be  only  a  slight  degree  of  rarefaction  in  these 
spouts,  far  less  can  they  be  emptj'  tubes  as  is 

often  supposed  Again,  suppose  rotation  only 

gentle  in  degree,  we  can  see  that  the  tendency 
will  be  for  the  air  which  lies  immediately  above 
and  below  the  axis  of  motion  to  be  thrust  like 
two  cones  into  its  interior,  and  the  problem  now 
for  solution  is  as  follows : — Taking  the  air  above, 
and  supposing  it  specifically  lighter,  and  there- 
fore it  will  have  a  tendency  to 
remain  up,  unless  pushed  down, 
and  to  return  again  when  the  push- 
ing force  ceases.  If  such  a  column 
be  depressed  into  the  interior  of  a 
mass  of  denser  air  (supposing  it 
to  have  as  great  elasticity)  it 
will  be  pushed  up  with  a  force 
equal  to  the  difference  between  its 
own  weight  and  the  weight  of  an 
equivalent  column  of  the  exterior 
air.  If  k  be  the  height  of  these  columns,  and 
cl  the  density  of  the  lighter  or  internal  one, 
that  of  the  external  being  unity,  we  have  the 
pressures  to  each  other  as  h  to  lid  and  the 

difference  between  them  will  be  A          hd  or 

^  (1  _ —  d)  and  this  is  the  pressure  which  the 
centrifugal  force  of  the  revolving  air  must  sus- 
tain, as  it  is  that  with  which  the  depressed 
column  tends  to  rise.  That  the  centrifugal 
force  may  be  equal  to  this,  we  must  have  v  = 
gh  0-  —  d).  Suppose  a  not  unlikely  case, 
that  the  height  of  the  descended  column  of  the 
spout  is  400  feet,  and  that  the  density  of  the 
stratum  of  au-  and  cloud  composing  it  is  -99, 
while  the  external  air  at  the  average  height  is  1, 
then  the  velocity  of  ro- 
tation necessary  to  re- 
tain it  depressed,  or  to 
depress  it,  is  got  by  the 

400  X  -01  =  16  feet 
per  second,  which  is  the 
extreme  velocity  requi- 
site at  the  part  of  tlic 
revolving  column  far- 
thest from  the  spout. 


Fig.  4 
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Seeing  that  this  view  of  the  matter  gives  a  very 
moderate  speed  as  sufficient  for  the  depression 


of  cloudy  shreds  down,  into  the  interipr  of  the 
revolving  air,  I  resolved  to  submit  the  sup- 
position to  experiment.  I  take  a  glass  box  (fig.  5) 
supported  on  a  wooden 
tray  and  suspended  bj'  a 
long  twisted  string.  The 
glass  plates  composing 
the  sides  of  the  box  are 
about  eighteen  inches 
square,  and  are  not  closely 
joined  at  the  corners,  but 
leave  long  narrow  slits, 
as  represen  t  ed .  T  he  cover 
is  of  glass  aud  has  a  cir- 
cular hole  in  it  of  two 
inches  or  more  in  dia- 
meter. A  piece  of  burn- 
ing nitrated  paper  is 
dropped  into  the  interior, 
Fig-  5.  and  produces  a  white 

BTOoke,  which,  Avhen  it  cools,  is  somewhat  heavier 
than  the  air.    A  thin,  loose,  stratum  of  cotton 
wool  is  now  placed  on  the  upper  opening  to 
prevent  external  agitation  from  disturbing  the 
atmosphere  -nathin,  and  at  the  same  time  to 
allow  free  admission  for  the  air.     The  whole 
is  now  set  into  rotation,  and  almost  imme- 
diately the  dark  column  of  the  external  atmo- 
sphere begins  to  descend  in  a  beautiful  conical 
form,  like  a  black  finger,  and  exactly  resembling 
the  waterspout.  It,  before  long,  passes  completely 
to  the  bottom,  if  the  rotation  be  quick  enough, 
after  which,  as  the  speed  slackens,  tbe  column  is 
again  drawn  up  (of  course  in  reality  pushed  or 
floated),  and  widens  out,  leaving  an  irregular 
border,  exactly  as  after  the  termination  of  the 
real  waterspout.     The  action  evidently  is  the 
passage  of  the  internal  heav}'  vapour  through 
the  slits  left  at  the  corners  by  centrifugal  force, 
and  the  descent  of  the  external  atmosphere  from 
above  to  take  possession  of  the  partial  vacuum. 
The  ascent  of  a  similar  cone  would,  of  course, 
take  place  from  an  opening  in  the  bottom,  as 
happens  with  the  air  and  spraj'  from  the  sea  in  the 
real  waterspout ;  but  this  part  of  the  operation 
presents  ditBculties  in  practice.  A  gende  rotation 
is  sufficient  for  the  above  experiment.— While 
making  these  experiments,  I  was  pleased  to  find 
that  frequently  two,  three,  or  even  four  or  more 
cones  descended  and  appeared,  as  the  whole 
revolved,  to  coil  and  twist  round  each  other.  I 
likewise  saw  a  complete  explanation  of  the  so 
called  swallowing  action  of  tlie  waterspout.  The 
shreds  forming  the  descending  columns  are  fre 
quently  not  round,  but  flat  at  one  end  and  round 
at  another,  and  sometimes  resemble  a  slightly 
twisted  ribbon.    So,  when  a  flat  part,  seen  at  a 
distance  great  enoiigh  to  prevent  its  rotation 
being  detected,  presents  itself  alternately  edge- 
ways and  tiicn  with  its  flat  side  to  tlie  eye,  it 
seems  as  if  it  had  dilated  and  subsequently  col- 
lapsed, giving  the  appearance  of  drinking. — In 
conclusion,  I  would  slate  that  the  waterspout 


Qonsists  of  shreds  of  cloudy  ;air  pushed  down  into 
the  interior  of  the  portion  of  the  atmosphere 
below,  whicli  has  been  rarefied  by  the  action  of  a 
rotation,  probably  originally  caused  by  contend- 
ing currents.  When  the  rotation  is  very  regidar 
and  circumstances  Ikvourable,  the  descending 
column  may  possess  symmetrj'  and  a  circular 
section,  but  at  other  times  there  may  be  many 
columns,  which  then,  however,  have  not  each  a 
separate  rotation  about  it,  but  go  round  with  the 
general  mass ;  the  rotation  in  the  central  space, 
where  they  exist,  being  of  course  slow.  The 
ascent  of  the  spray  and  air  from  the  surface  of 
the  sea,  or  of  light  bodies  from  the  land,  is  pro- 
duced by  the  same  cause." 

Water- Wheels  are  rotating  engines  whereby 
water,  set  in  motion  by  the  earth's  graviUtion, 
is  made  to  perform  work.  Their  first  invention 
is  of  unknown  antiquity.  ,    ,  „ 

§  1.  General  Theory.— The  power  of  a  water- 
wheel  may  be  stated  in  two  ways :  as  total  power 
and  as  available  poicer.    The  total  power  is  the 
whole  energy  lost  in  a  given  time  by  the  water, 
which  is  supplied  to  the  wheel,  and  is  a  matter 
for  theoretical  computation,  when  the  elevations 
and  velocities  of  the  water  before  and  after  acting 
on  the  wheel  are  given,  and  also  the  quantity  of 
water  supplied  to  the  wheel  in  a  given  time ;  the 
available  power  is  the  work  which  the  wheel  is 
capable  of  performing  in  a  given  time  when  ap- 
plied to  overcome  the  resistance  of  mechanism, 
and  falls  short  of  the  total  power  by  reason  of 
waste  of  energj-^,  whose  amount  can  be  determined 
by  special  experiment  only.  The  total,  or  rtmxi- 
inum  theoretical  efficiency  of  a  water-wheel,  is 
the  ratio  of  the  whole  energy  lost  by  the  water 
in  acting  on  the  wheel,  to  the  whole  energy 
possessed  by  it  before  so  acting.    The  avaUahh 
efficiency  is"  the  ratio  of  the  work  performed  by 
the  wheel  to  the  whole  energy  possessed  by  the 
water  before  acting  on  it.— Water  may  act  on  9- 
wheel  either  by  its  toeight,  or  by  its  velocitj/,' 
that  is,  either  by  its  potential,  or  by  its  actm 
energy.    See  Machines.    Water  acting  by  it§ 
weight  may  either  press  directly  on  the  wheeili 
or  may  transmit  pressure  to  the  wheel  mdirectly 
through  an  intervening  mass  of  water.  In  eithe^ 
case  the  potential  energy  of  the  water  is  found 
multiplying  the  weight  of  water  supplied  to  the 
wheel  in  an  unit  of  time,  into  tlie  elevation  of  the 
upper  surface  of  the  water  just  before  it  begins  to 
press  on  the  wheel  directly  or  indirectly,  above 
the  upper  surface  of  the  water  just  after  it  has 
ceased  to  press  on  the  wheel.    The  actual  enenm 
of  the  water  is  found  by  multiplying  the  weight 
of  water  supplied  to  the  wheel  in  an  imit  of  time 
by  the  height  from  which  it  must  fall  in  order  1" 
acquire  the  velocity  which  it  has  just  before  be- 
ginning to  press  on  tlie  wliecl  |  which  height  is 
found  by  dividing  the  half-square  of  that  vclocitv 
bv  the  accelerating  force  of  gravity.    'J"he  total 
power  of  tlie  wheel  is  found  by  adding  together 
the  potential  aud  actual  energy  as  already  do- 
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fined,  and  subtracting  the  actual  energy  due  to 
the  velocit}-  which  the  water  has  just  after  ceas- 
ing to  press  on  tlie  wheel.  A  main  object  of  skill 
in  tlie  designing  and  construction  of  water-wheels 
is  (o  insure  that  the  latter  velocity  shall  be  neither 
less  nor  more  than  sufficient  to  prevent  the  accu- 
mulation of  wafer  about  the  wheel.  To  express 
symbolically  what  has  been  stated,  let  q  denote 
the  weight  of  water,  in  pounds,  supplied  to  the 
wheel  in  a  second ;  ii  the  difference  of  elevation, 
in  feet,  of  the  surface  of  the  water  before  and  after 
its  action  on  the  -^'heel ;  the  velocity  of  the 
water,  in  feet  per  second,  just  before  it  begins  to 
press  on  the  wheel,  or  su^yply-velocitij ;  Vo  the 
velocity  of  the  water  just  after  it  has  ceased  to 
act  on  the  wheel,  or  discharge-velocity.  ■ 
Then  the  potential  energy  of  the  water  is 

QH  foot-pounds  per  second ; 
the  actual  energy. 


Q        foot-pounds  per  second : 
o4'4 


the  total  energy, 

+  foot-pounds  per  second ; 

tb.e  energy  of  the  water  when  discharged, 
foot-pounds  per  second ; 
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the  total  power  of  the  wheel, 


Q  I  H  +    g^.^    j  foot-pounds  per  second ; 


the  maximum  theoretical  efficiency, 


H  + 
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The  special  theory  of  water-wheels  consists  mainly 
in  determining  the  relation  which  the  discharge- 
1-elocity  V2  bears,  for  each  different  construction 
of  wheel,  to  the  suppty- velocity  Vi  and  height  of 
descent  h.    The  quantity 

"  +  64^1 

may  be  called  the  theorelical  fall  or  head.  The 
available  efficiency  of  a  water-  wheel  falls  short  of 
the  maximum  theoretical  efficiency  principallj' 
from  the  following  causes. —  1.  The  resistance 
of  the  channel  and  orifices  by  which  the  water 
is  supplied,  which  causes  the  actual  height  from 
which  the  water  must  descend  in  order  to  acquire 
the  supply-velocity     to  be  greater  than 

V 
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Tlie  effect  of  such  resistance 
putting  for  the  actual  fall, 

/being  the  co-efficient  of  resistance  of  the  channel 


is  expressed  by 
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and  orifices  of  supplj',  determined  according  to  tli9 
principles  of  hydraulics. — 2.  The  escape  of  part 
of  the  water  before  it  has  completed  its  action  on 
the  wheel ; — 3.  The  agitation  and  mutual  friction 
of  the  particles  of  water  acting  on  the  wheel ; — 
and,  4.  The  friction  of  the  wheel.  The  effects  of 
the  last  thj-ee  causes  are  expressed  by  multiply- 
ing the  total  power  and  the  theoretical  efficiency 
of  tlie  wheel  by  an  empirically-determined  frac- 
tional co-efficient;  so  that  the  available  power  is 
denoted  by 

(l-/fc)Q(HH- 
and  the  available  efficiency  by 

 H,+  ^-^^~^^^ 

CI-.*), 


C4-4 
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The  quantity^^ij^^' 
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may  be  called  the  effective  full. 

§  2.  Classification,  Parts,  and  Adjuncts  of 
Water-  Wheels. — Water- wheels  may  be  classified 
as  follows: — Overshot -luheels  and  High  Breast- 
wheels,  being  vertical  wheels,  on  which  the  water 
acts  chiefly  by  its  weight,  or  by  potential  energy. 
Undershot-wheels  and  Low  Breast-wheels,  being 
vertical  wheels,  on  which  the  water  acts  chiefly  bv 
its  velocity,  or  by  actual  energy ;  and  Turbines, 
being  horizontal  wheels,  on  which  the  water 
acts  partly  by  potential  and  partly  by  actual 
energy,  being  supplied  and  discharged  in  all 
du-ections  round  the  vertical  axis.  The  following 
are  the  essential  parts  common  to  all  classes  of 
water-wheels:— 1.  The  axis  or  shaft,  and  its 
gudgeons  or  pivots.  2.  The  radiating  parts  on 
which  the  water  acts;  which  in  Overshot  and 
Breast- wheels  are  Biicltets  or  cells ;  in  Undershot- 
wheels,  Floats;  in  some  Turbmes  vanes,  and  in 
others  hollow  arms.  The  necessary  adjuncts  of  a 
water-wheel  are,— 1.  The  Reservoir  or  Pentstocl; 
from  which  the  water  is  supplied.  2.  The  Sluice 
or  Valve  for  regulating  tiie  expenditure  of  water, 
which  is  sometimes  acted  upon  by  a  Governor  or 
revolving  pendulum.  3.  The  Tail- Pace,  or  chan- 
nel for  carrying  away  the  water  discharged. 

§  3.  Overshot  and  High  Breast-  Wheels. — The 
water  is  supplied  to  tliis  class  of  wheels  at  or  near 
the  summit,  and  acts  wholly,  or  almost  whollv 
by  its  weight.  The  periphery  of  an  Overshot- 
wheel  consists  of  the  c7-owns  or  shrouding,  being 
two  thin  vertical  rings,  connected  with  the  shaft 
by  arms  and  braces,  and  having  tlic  space  be- 
tween them  divided  into  cells  by  curved  or  an- 
gular trough -shaped  partitions  called  buch-ls. 
The  water  pours  from  the  pentstock  through  the 
regulating  sluice,  into  tiie  openings  at  the  outer 
edges  of  the  circle  of  buckets,  filling  them  in 
succession.  Forineriy  the  buckets  used  to  be 
closed  at  their  Liner  sides,  but  now  they  are 
875 
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made  with  openings  for  the  escape  and  re-entrance 
of  air.    While  the  buckets  are  descending,  part 
of  the  water  overflows  and  escapes,  and  this  is  a 
cause  of  waste  of  energy :  as  each  bucket  arrives 
at  the  lowest  point  of  its  revolution,  it  discharges 
all  its  water  mto  the  tail-race,  and  ascends  empty. 
A  high  breast-wheel  differs  from  an  overshot- 
■wheel  chiefly  in  having  the  water  poured  into 
the  buckets  at  a  somewhat  lower  elevation  as 
compared  with  the  summit  of  the  wheel,  and  in 
being  provided  with  a  casing  or  trough,  called  a 
breast,  of  the  form  of  an  arc  of  a  circle,  extending 
from  the  regulating  sluice  to  the  commencement 
of  the  tail-race,  and  nearly  fitthig  the  periphery 
of  the  wheel,  which  revolves  within  it.  The  effect 
of  the  breast  is  to  prevent  the  overflow  of  water 
from  the  lips  of  the  buckets  until  they  are  over 
the  tail-race.    The  usual  velocity  of  the  peri- 
phery of  overshot  and  high  breast-wheels  is  from 
three  to  six  feet  per  second ;  and  their  available 
(■fficiency,  when  well  designed  and  constructed,  is 
from  0-7  to  0  8.    The  diameter  of  an  overshot 
or  high  breast-wheel  must  evidently  be  equal  to 
or  greater  than  the  height  of  the  fall  of  water; 
and  they  are,  consequently,  sometimes  of  enor- 
mous size.    A  few  exist  exceeding  seventy  feet 
in  diameter.    Wheels  of  this  class  are  the  best 
where  there  are  large  supplies  of  water,  and  falls 
that  are  not  too  low.  They  have  been  much  im- 
proved of  late  years  by  various  engineers,  and 
especiallv  by  Mr.  Fairbaim.  ■ 

§  4.  'Undershot  and  Low  Breast-Wheels.— \ 
Wheels  of  this  class  are  driven  chiefly  by  the  im- 
pulse of  water,  discharged  from  an  opening  at  the 
bottom  of  the  reservoir  with  the  velocity  produced 
by  the  fall,  against  floats  or  boards.   Every  such 
wheel  has  a  certain  velocity  of  maximum  efficiency, 
being  the  velocity  of  the  wheel  which  gives  the 
least  possible  velocity  to  the  discharged  water, 
and  bearing  a  ratio  to  the  supply-velocity  of  the 
water  which  depends  on  the  form  of  the  floats, 
but  does  not  in  any  case  differ  much  from  -j. 
In  undershot- wheels  of  the  old  construction,  the 
floats  are  flat  boards  in  the  direction  of  radii  of  the 
wheel;  and  the  maximum  theoretical  efficiency 
is  %    The  available  efliciency  is  much  less,  sel- 
dom exceeding  ^.    An  undershot  -  wheel,  pro- 
vided with  a  breast  or  casing  extenduig  as  belore 
described  from  the  sluice  to  the  commencement 
of  the  tail-race,  becomes  a  low  brcaat-wheel,  in 
which  the  water  acts  partly  by  weight,  though 
chiefly  by  impulse.    This  class  of  wheels  was 
much  improved  by  Poncelet,  ^vho  curved  the 
floats  with  a  concavity  backwards,  adjusting  thur 
position  and  figure  so  tliat  tlie  water  should  be 
Supplied  to  them  without  shock,  and  should  drop 
from  them  into  the  tail-race  without  any  hori- 
zontal velocity.    The  maximum  theoretical  efli- 
ciency of  such  wheels  is  as  great  as  that  of  over- 
r.hot  wliecls ;  but  their  available  cllicicncy  has  not 
been  found  to  exceed  0-6.  They  are  well  adapted 
to  low  falls  with  large  supplies  of  water.  _ 
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water-wheel  with  a  vertical  axis,  receiving  and 
discharging  water  in  all  directions  round  that 
axis.  It  is  driven  partly  by  the  weight  of  water 
and  partly  by  the  impulse,  and  has  a  certain 
velocity  of  maximum  effect,  bearing  a  ratio  to 
the  fall  of  water  which  depends  on  the  construc- 
tion of  the  turbine,  and  which  i?,  in  general,  about 
half  the  velocity  at  which  the  turbine  would  re- 
volve if  unloaded.    The  maximum  theoretical 
efficiency  of  every  well  designed  turbine  differs 
from  unity  only  by  the  amount  due  to  the 
velocity  requisite  to  discharge  the  water:  the 
available  efficiency  is  variously  stated,  but  may 
be  held  to  range  from  0-66  to  0  8.  Turbines  are 
easily  adapted  both  to  high  and  to  low  falls,  and 
are  specially  well  suited  for  high  falls  with  small 
supplies  of  water ;  they  have  also  the  advantage 
of  being  capable  of  working  drowned,  or  wholly 
immersed  in  the  water  of  the  tail-race.  Turbmes 
are  of  three  classes.— CZuss  1.  The  Re-action 
Turbine,  or  Barker's  mil,  modified  and  improved 
by  various  inventors,  and  especially  by  Messrs. 
Whitelaw  and  Stirrat.    In  the  best  form  of  this 
turbine,  the  water  is  conducted  from  the  pentstock 
by  a  large  pipe  into  the  centre  of  a  hollow  ro- 
tating disc,  provided  with  two  or  three  hollow 
arms,  which  discharge  the  water  through  orifices 
directed  backwards,  m  streams  tangential  to  the 
chcle  of  revolution  of  the  oiifices.    The  great 
improvement  of  Messrs.  Whitelaw  and  Stirrat, 
consisted  in  placing  valves  for  adjusting  the  ex- 
penditure of  water  to  the  work  to  be  performed 
at  the  oi'ifices  of  discharge.    The  best  form  for 
the  arms  has  been  elaborately  hivestigated,  but 
to  little  piuTJOse,  the  essential  qualities  being- 
abundance  of  room  within  for  the  motion  of  the 
water  from  the  central  pipe  to  the  orifices,  and  little 
resisting  surface  without.^  The  velocity  of  maxi- 
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Plan  of  Reaction  Turbine. 


w  liiiis  «iin  m'ti^  ""11   .  ,      .       .  1 

5.  Turbines.  — A  tiu-binc  is  a  horizontal 


A  Supply  Pipe.        BB  Arms  of  disc       cc  Orifices. 

mum  theoretical  efficiency  for  the  revolution  of  tlie 
orifices  is  nearly  that  with  which  a  jet  wouia 
isc^ue  from  these  orifices  if  at  rest— CTws  2.  ine 
Internally  Supplied  Vane-Turbine,  perfected  by 
U.  Fouriievron,  is  represented  in  plan  by  figure  i- 
A  large  pipe  a  supplies  water  from  the  pentstocK 
to  a  fixed  or  cylindrical  water-chamber  b  b,  having 
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orifices  all  round  its  peripherj',  to  which  the  water 
is  so  dii-ected  by  curved  guide-blades,  that  it 
strilces  in  an  almost  tangentiid  direction  against 
the  vanes  of  the  wheel  c  c,  which  encircles  the 
water-chamber.  1'hose  blades  are  curved  back- 
ward in  such  a  form,  that  when  the  turbine  re- 
volves at  its  proper  velocity  the  -water  is  dis- 
charged without  rotatory  motion.    The  rules  for 


properly  determining  the  fonns  and  proportions 
of  this  turbine  are  given  in  detail  in  M.  Four- 
neyron's  work  on  the  subject. — Class  3.  The 
Externally  Supplied  Vane- Turbine,  or  Vortex 
Water-  Wheel  of  Mr.  James  Thomson,  is  repre- 
sented in  plan  by  figure  3.    a  is  a  cj-lindrical 

■water-chamber,  sup- 
plied by  a  large  pipe 
or  pipes  from  the 
pentstock.  b  B  b  b 
curved  guide-blades, 
so  placed  as  to  cause 
the  water,  in  moving 
from  the  circumfer- 
ence to  the  centre  of 
the  chamber,  to  form 
a  vortex  or  whirl- 
pool. These  blades 
are  moveable  about 
pivots  at  c  c  c  c,  so 
as  to  adjust  the  open- 
the  passage  of  water. 
i>  the  wheel,  with  vanes  round  its  circumfer- 
ence, and  a  large  orifice,  or  pair  of  orifices  in 
its  centre,  for  the  discharge  of  the  water  into 
the  tail-race.  The  vanes,  at  their  outer  ends,  are 
in  the  directions  of  radii  of  the  wheel,  so  as  to  be 
acted  on  perpendicularly  by  the  whirlpool ;  but 
towards  their  inner  ends  they  are  curved  back- 
wards in  such  direction  that  the  water,  when 
delivered  from  thorn  into  the  central  discharge- 
orifices,  has  no  rotatory  motion.  The  best  velo- 
city for  the  periphery  of  this  wheel  is  that  due 
to  one-half  of  the  fall ;  and  for  a  given  fall,  it  is 
much  less  than  the  best  velocity  for  other  classes 
of  turbines.  This  is  a  considerable  practical  ad- 
vantage. Another  advantage  is  the  ease  with 
which,  by  means  of  the  moveable  guide-blades, 
the  expenditure  of  water  is  adjusted  to  the  work 
to  be  performed.  See  Fairbaim  On  Water- 
Wlieels;  Rankine  On  Prime  Movers. 
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^'arcs.  Weber  divides  waves  into  two 
kinds,  standing  waves  and  progressive  waves. 
The  first  kind  are  seen  in  the  motions  of  the 
particles  of  a  stretched  string  which  has  been 
drawn  aside  in  the  middle  and  allowed  after- 
wards to  move  by  its  own  elasticity  and  tension, 
as  in  fig.  1,  where  the  particle  a  moves  with 
a  gradually  in-  ^ 

creasing  velocity  ^---»-  . 

till  it  reaches  the 
position  of  repose 
indicated  by  the 


A'" 
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continuous  line,  durirg  which  motion  it  is  urged  by 
the  decreasing  tension.  Here  it  would  remain  were 
it  not  for  the  momentum  it  has  acquired.  In  con- 
sequence of  this,  however,  it  still  proceeds,  and 
now  against  the  force  of  tension.  Its  velocity  is 
thus  gradually  destroyed,  and  it  comes  to  rest  in 
a  position  a',  again  to  commence  a  new  vibration 
towards  A,  and  so  on,  till  the  air  and  other 
resisting  causes  gradually  exhaust  its  energy. 
This  energy  exists,  at  one  part  of  the  motion,  it 
will  be  seen,  wholly  in  the  tension  of  the  string, 
and  at  another  wholly  in  momentum,  or  vis  viva 
of  the  particles,  and  at  intermediate  parts  of  both. 
The  one  is  called  potential  energy,  and  the  other 
actual  energy.  If  the  potential  energy  is  pro- 
portional always  to  the  distance  from  the  neutral 
or  quiescent  position,  it  is  easy  to  prove  that 
large  and  small  vibrations  will  be  performed  in 
the  same  time,  and  the  reasoning  is  precisely  the 
same  as  that  employed  in  the  case  of  the  cycloidal 
pendulum.  This  is  very  nearly  the  fact  for 
stretched  cords  of  such  substances  as  musical 
strings  are  made  of,  wliere  Hooke's  law  "  ut 
tensio  sic  vis,"  holds  good.  Hence  the  valuable 
property,  that  the  note  of  such  a  musical  strinij 
is  the  same  whether  it  is  softly  or  strongly  struck. 
It  will  be  noticed  that  in  this  kind  of  vibration 
or  curve  motion,  all  the  particles  of  the  string 
similarly  move  or  come  to  rest  at  the  same 
instant,  or,  in  other  words,  that  they  are  all  in 
the  same  phase  of  movement  simultaneous!}' ; 
hence  the  name  standing  waves.  It  is  otherwise 
with  the  movements  of  the  atmospheric  particles 
which  are  set  in  motion  by  such  a  string,  and 
which  constitute  the  sound  derived  fi'oni  it.  The 
air  being  a  compressible  and  elastic  substance, 
the  moving  string  drives  one  particle  closer  against 
another  than  its  normal  position ;  this  arouses  a 
repulsive  action  between  these  two,  which  sets  the 
farther  one  in  forward  motion  against  the  one 
still  more  in  advance,  till  the  diminishing  dis- 
tance between  them  is  able  to  overcome  its 
inertia  by  the  resulting  repulsion,  when  a  corre- 
sponding movement  of  its  mass  begins,  and  so 
on,  in  a  manner  more  easy  to  conceive  than 
shortly  to  describe.  A  condensation  of  aerial 
particles  thus  propagates  itself  with  a  velocity 
depandent  on  the  elastic  forces  alono,  and  there- 
fore the  same  for  all  varieties  of  impulse.  The 
string  after  communicating  this  impulse  recedes 
thus  leaving  a  vacuity  between  it  and  the  con- 
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tiguoits  aerial  particles.  Back  into  this  tliey  are 
pressed  by  tlie  elastic  forces,  and  follow  the  string, 
ill  its  opposite  excursion,  thus  propagating,  now 
a  rarefaction  which  follows  the  preceding  con- 
densation, exactly  at  the  same  rate  and  in  a 
manner  similar  to  that  which  has  been  described. 
If  the  string  still  continue  to  vibrate,  another 
condensation  and  rarefaction  will  foUow,  which 
will  spread  themselves  onAvard  from  particle  to 
jmrticle,  and  thus  a  series  of  similar  movements 
affecting  successively  tlie  same  particles,  will 
follow  each  other.  In  this  case,  therefore,  for  a 
certain  distance  from  the  string,  the  particles  are 
approaching  each  other,  while  at  the  same  in- 
stant, farther  on,  the  pai-tieles  are  receding  from 
each  other,  or  rarefaction  is  occurring.  Diu-ing 
this  process,  it  is  evident  that  the  motions  of  any 
individual  particle  must  be  opposite  at  diflerent 
times,  and  also  that  each  particle  must  succes- 
sively undergo  the  same  motions.  Thus  in  the 
annexed  fig.  (fig.  2),  the  upright  lines,  a,  b,  c, 
>ic.,  represent  contiguous  strata  of  aerial  par- 
ticles in  a  state  of  undulation  up  to  p,  while 
those  beyond  are  in  repose.  From  A  to  d  the 
particles  are  moving  forward ;  from  d  to  G  they 
are  moving  backward.  From  g  to  k  they  are 
moving  backward,  and  from  k  to  0  forward. 
The  particles  moving  in  the  same  direction  at 
any  instant  are  said  to  be  in  the  same  phase. 


Fig.  2. 

The  particles  m  any  one  phase,  though  they 
move  in  the  same  direction,  yet  have  different 
velocities.  In  the  lower  part  of  fig.  2,  the  velo- 
cities are  represented  by  lines  drawn  downwards 
from  the  straight  line,  and  are  proportional  to 
tiie  lengths  of  tliose  lines.  The  curves,  instead 
of  being,  as  in  this  case,  parts  of  circles,  might 
be  any  whatever  in  different  kinds  of  undulation. 
Thus,  it  will  be  seen,  that  while  A  is  at  rest,  b  is 
in  rapid  motion,  o  less  so,  and  d  is  at  rest,  e 
moving  in  an  opposite  direction,  f  moving  more 
rapidly  in  tliis  direction,  g  is  at  rest.  Each  of 
these  in  their  tm-n  going  tlu-ough  all  tlie  move- 
ments of  the  others  successively.  From  any 
one  point  in  a  certain  state  of  motion  or  density 
to  another  point  in  the  same  state,  is  called  the 
lenyth  of  a  wave.  In  this  way  waves  of  sound 
travel  onward  with  admirable  regularity,  and 
with  uniform  speed,  losing  strength  in  so  far  as 
llie  amplitudes  of  tiic  motion  of  tlie  individual 
molecules  is  concerned,  but  continuing  of  the 
same  leiif/lhs  and  perioiU.  Indi\'idual  waves 
cross  each  other  and  separate  witliout  mutual 
destruction,  each  particle  talving  on,  tl^ . ino,vc- 
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ments  due  to  the  combined  influences,  as  pointed 
out  by  the  laws  of  mechanics,  proving  by  tlie 
agreement  of  theorj'  and  observation,  that  it  is 
by  undulation  of  the  atmosphere  that  sound  is 
propagated,  and  tliat  the  aerial  particles  m  their 
movements  are  regulated  by  the  same  laws  which 
govern  the  most  ponderous  and  solid  masses. 
Wave  motion  of  a  similar  kind,  that  is,  alternate 
condensation  and  rarefaction,  conveys  sound  and 
all  other  impulses  through  liquids  and  sohds 
whether  it  be  the  gentle  impidse  of  a  vibrating 
bell,  the  stroke  of  a  hammer  on  a  bar  of  iron  iu 
passing  from  particle  to  particle  of  its  substance, 
or  the  impulse  of  the  earthquake.  It  has  been,  by 
application  of  the  mechanics  of  undulating  motion 
to  a  hypothetical  substance  called  ether,  tliat  re- 
sults so  marvellous  have  been  achieved  in  physi- 
cal optics,  and  the  theory  of  undulation  is  destined 
to  play  a  part  no  less  important  iu  the  science  of 
heat,  and  it  may  be,  of  electricity.  It  would  be 
altogether  impossible,  within  the  assigned  limits 
of  the  present  volume,  to  enter  on  a  subject  so 
vast  as  to  have  occupied  a  considerable  portion  of 
the  lives  of  Lagrange,  Euler,  the  BernouiUis, 
Poisson,  Fresnel,  Young,  and  many  other  mathe- 
maticians. Newton  was  the  first  who  attempted 
successfully  to  explain  undulation  by  the  prm- 
ciples  of  mechanics,  and  to  deduce  the  laws 
which  regulate  its  propagation,  and  though  his 
methods  are  deficient  to  some  extent  in  generality, 
and  even  in  applicability,  compared  with  those 
which  have  been  devised  since  the  modern  improve- 
ments in  analysis,  they  yet  have  the  advantage 
of  being  far  more  perspicuous,  enjoying  in  tliis 
respect  the  full  superiority  of  geometrical  repre- 
sentation as  compared  wi;h  the  results  of  .sym- 
bolical analysis.  In  what  follows,  therefore,  on 
the  undulation  of  liquids,  we  shall  take  the 
method  set  forth  by  Newton  in  the  eighth  section 
of  the  second  book  of  the  Principla.  Waves,  in 
a  liquid  where  the  compressibility  of  the  liquid 
is  mconsiderable,  as  in  the  case  of  water,  are 
propagated  by  alternate  movements,  not  of  con- 
densation and  raref^iction  of  contiguous  particles, 
but,  by  elevation  and  depression  of  the  superficial 
parts  of  the  liquid,  so  as  to  call  into  play  the 
force  of  gravity  in  producing  a  pressure  primarily 
in  a  vertical  direction,  but  which,  by  a  property 
of  liquids  (equality  of  pressure  iu  all  directions), 
is  coiivertetl  into  pressure  producing  lateral  dis- 
placement in  a  manner  that  may  be  illustrated  as 
follows: — If  a  stone  be  tlirowi  into  a  pool  of 
still  water  the  particles  against  which  it  impinges 
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Fig.  8. 


are  pushed  down,  and  as  water  is  nearly  incom- 
pressible the  parts  at  b  and  c  must  necessarily  he 
pushed  up  to  make  way  for  A.  The  i^arts  b  and 
<!  are  now  in  tlio  position  of  loads  laid  on  the 
siirface  at  those  points  which  each  press  doffix- 
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'vrard  and  force  up  cohtigitons  portions  on  each 
side,  which  again      a  similar  manner  descend 
and  propagate  the  motion  to  others,  and  so  on. 
Here  there  is  no  elastic  force  called  into  play, 
but  the  -weight  and  momentum  of  the  particles 
acting  according  to  the  laws  of  equilibrium  of 
nuids,  develop  the  alternating  movements  of  the 
in.di^-idaal  particles,  and  as  a  consequence  of  these, 
cause  the  waves  to  spread  regularly  outward 
rfrom  the  centre  of  disturbance.    It  is  evident 
that,  in  the  ■^^■ave  motions  of  liquids,  it  is  the 
wave  form  alone  that  progresses  ;  the  individual 
particles  of  the  liquid  merely  moving  to  and  fro 
through  short  distances,  and  at  the  end  of  every 
wave  returning  to  the  same  position.    Any  one 
who  has  obseri-ed  the  march  of  a  line  of  foot 
soldiers,  must  have  noticed  the  wave  motions 
which  run  rapidly  along  the  line.    This  arises 
from  the  want  of  perfect  coincidence  between  the 
movements  of  the  different  portions  of  the  column. 
Those  in  the  front  move  the  foot  a  little  earlier 
than  those  farther  to  the  rear,  and  this  retardation 
proceeds  regularly  back,  so  that  after  a  certain 
.distance,  the  descent  of  the  foot  is  occurring  at 
•'the  same  instant  as  the  lifting  of  those  in  front, 
jand  in  the  interval  all  degrees  of  intermediate 
ijnovements  have  occurred.    As  a  consequence  of 
ilthis,  a  wave  is  seen  along  the  heads  of  the  men, 
;Some  rising  while  others  are  sinking.    In  such  a 
'.case  it  is  clear  that  the  individual  men  rise  and 
ffall  merely  (neglecting  in  the  meantime  their 
ra-eal  progress),  perhaps  only  once  in  a  second, 
■■iwhereas  the  wave  may  proceed  1,000  yards  in  the 
■same  time.    A  little  consideration  of  this  simple 
iillustration  will  point  out  one  of  the  most  impor- 
itant  peculiarities  of  wave  motion,  viz.,  that  the 
-rapidity  of  movement  of  the  wave,  or  its  velocity 
along  the  line,  does  not  depend  on  the  extent  of 
the  movements  of  each  man,  but  upon  the  time 
he  takes  to  complete  a  step,  and  above  all,  on 
■what  alone  determines  the  length  of  the  wave, 
he  degree  of  retardation  of  movement  from  man 
o  man.  Thus  if  one-fortieth  of  the  time  of  a  step 
s  lost  by  each  man,  then  the  twentieth  man  will 
jc  at  his  greatest  height  while  the  fortieth  is  onl3' 
jj  beginning  to  rise.    The  length  of  a  wave  will 
'  ^xtend  over  forty  men,  and  over  this  distance 
'.  ill  the  wave  run  during  the  time  of  each  step. 
■  To  proceed  with  ITewton'.s  investigation  of  tlie 
Ijliaws  of  progression  of  liquid  waves.    He  points 
)ut  the  analogy  of  the  hind  of  motion  observed 
II  a  pendnlura,  and  in  tlie  individual  particles  of 
n  undidating  liquid.    Both  proceed  from  rest 
lirough  more  and  more  rapid  motion  to  rest 
■  igain,  and  so  on.    Both  are  impelled  l)y  pressures 
!  -esidting  from  gravity,  which  vary  in  a  manner 
i  in  each  case  nearly  identical.    In  fig,  4,  let  a  c 
r  -epresent  the  level  of  water  in  a  bent  tube,  and 
l  et  some  force  be  applied,  so  that  the  level  be 
•aised  in  one  leg  to  is,  and  depressed  in  the  otlier 
jy  a  similar  quantity  to  o,  it  will  then  oscillate, 
md  it  will  be  observed  that  all  the  oscillations, 
>mall  and  great,  till  it  comes  to  rest,  will  be 
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Fig.  4. 


performed'in  the  sa^d'titne.  '  The  reasoti  of  this 
will  be  manifest  from  the  consideration,  that  the 
impelling  force  is  the  load 
of  water  above  the  level, 
viz.,  at  the  beginning  of 
the  oscillation  e  a  and 
c  G,  or  t\vice  e  a  :  and  the 
distance  to  be  passed  over 
is  also  twice  e  a  for  each 
oscillation.  But  as  the 
undulations  decaj',  and 
become  smaller,  the  load 
of  water  or  the  driving 
forces  become  smaller,  and  the  time  taken  would  be 
greater  were  it  not  for  the  circumstance,  that  the 
spaces  to  be  run  over  are  less  in  the  same  degree. 
For  it  is  an  axiom  in  mechanics,  that  with  the 
same  load,  if  the  spaces  and  driving  forces  be 
proportional,  the  times  will  be  equal.  Hence  is 
derived  the  law  of  isochronism  of  the  undulations. 
Next,  to  discover  the  law  which  connects  the 
time  and  the  velocity  of  a  wave  with  its  length. 
If  a  pendulum,  s  p,  fig.  4,  be  taken  of  half  the 
length  of  the  undulating  column  of  water,  and  it  be 
separated  from  its  position  of  repose  in  the  vertical 
hne,  by  a  space  equal  to  e  a,  the  displacement 
of  the  water,  it  follows  by  the  well-kno^vn  laws 
of  the  pendulimi,  that  the  driving  force  will  be 
to  the  whole  weight  of  the  pendulum  as  p  q  to 
p  s,  that  is  as  E  A  to  half  the  column  of  liquid, 
or  as  Q  B  A  to  the  whole  column ;  that  is,  the 
drivuig  forces  in  the  two  cases  are  the  same  parts 
of  the  load  to  be  driven,  and  the  spaces  to  be 
passed  over  are  equal,  so  the  times  of  describing 
tiiese  spaces  must  be  equal  also.  If  then  we 
know  the  times  of  undidation  of  a  pendulum  of 
the  same  length  as  half  the  wave,  we  also  know 
the  time  of  a  wave,  and  hence  the  velocity  with 
which  it  travels,  as  it  travels  its  own  length  in 
the  time  of  two  oscillations,  Now,  the  time  of 
a  pendulum  is  given  by  the  formula  i  =  3-14 

22  where  l  is  the  length  in  feet,  and 

t  is  the  number  of  seconds.  According  to  the 
foregoing  theorj^,  if  we  substitute  in  this  for- 
mula, half  the  length  of  the  undulating  column 
for  L,  we  will  have  the  time  o'f  oscillation  of 
the  water  in  the  tube.  Experiment  verifies 
this.    We  see  that  from  the  formula  i  =  4 
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which  the  above  becomes  when  we 


put  T.  for  the  length  of  the  wave  that  the  time  of 
an  oscillation  is  proportional  to  the  square  root  of 
the  wave  length,  which  is  exactly  the  result  ar- 
rived at  by  the  most  approved  modern  researches. 
Newton  remarks  that  it  is  not  true  that  the  par- 
ticles in  real  waves  of  water  move  back  and  for- 
ward exactly  in  the  manner  of  the  liquid  in  the 
syphon,  but  that  they  describe  cun'cd  paths  re- 
entering into  themselves,  and  therefore  that  this 
mode  of  investigation  can  only  be  approximately 
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correct ;  but  the  same  remark  applies  to  every 
mode  ■which  has  hitherto  been  used  for  the 
theoretical  examination  of  wave  motion.  Cal- 
culations made  by  means  of  a  formula  derived 
from  Newton's  method,  only  differ  very  little 
from  the  results  of  observation  on  actual  sea 
waves.   In  the  analytical  treatment  of  the  ques- 
tion of  waves,  the  conditions  of  the  motion  of  the 
aqueous  particles  are  expressed  in  equations  de- 
rived from  the  circumstances,  1st,  that  any  mass 
of  water,  though  altered  in  form,  must  still  occupy 
the  same  volume;  2d,  that  movement  is  periodic 
or  oscillatory;  and,  3d,  that  the  particles  are 
subject  to  the  action  of  gravity,  and  that  they 
transmit  to  each  other  equal  pressure  in  every 
direction.    There  are  thus  got  three  equations, 
which  by  elimination  determine  the  horizontal 
and  vertical  displacements  of  the  particles  in 
terms  of  the  time,  of  the  position  of  the  par- 
ticle when  at  rest,  and  of  the  wave  lengths 
or  the  distance  between  two  successive  par- 
ticles in  the  same  phase.    The  methods  which 
must  be  followed  in  the  discussion  of  those 
equations  would  be  unintelligible,  without  the 
introduction  of  symbolical  representation  to  an 
extent  inadmissible  in  the  present  volume.  For 
the  details,  the  reader  is  referred  to  the  treatise 
on  Waves  in  the  Encycloprndia  Metropolitaiia. 
Some  of  the  results  only  can  be  given.  When 
the  length  of  the  wave  is  not  greater  than 
the  depth  of  the  water,  the  velocity  depends 
(sensibly)  only  on  its  length,  and  is  proportional 
to  the  square  root  of  its  length.  When  the  length 
of  the  wave  is  not  less  than  a  thousand  times  the 
depth  of  the  water,  the  velocity  of  the  wave  de- 
pends only  on  the  depth,  and  is  proportional  to 
the  sciuare  root  of  the  depth.    When  the  depth 
is  great  in  comparison  with  the  length  of  the 
wave  (as  in  the  case  of  ordinary  waves  in  the 
open  sea),  the  motion  of  the  water  at  any  great 
depth  below  the  surface  is  wholly  insignificant  in 
comparison  with  that  at  the  surface.  As  the  depth 
below  the  surface  proceeds  in  arithmetical  pro- 
s;ression,  the  motion  diminishes  in  geometrical 
progression;  and,  at  a  depth  equal  to  the  length  of 
the  wave,  the  motion  is  diminished  to  -gi^-th  part 
at  the  surface.   In  waves,  shallow  in  comparison 
to  the  whole  depth,  the  gi-eatest  horizontal  mo- 
tion is  equal  to  the  greatest  vertical  motion.  In 
ordinarj'  cases  of  small  waves,  the  motions  of  the 
individual  particles  is  in  circular  orbits  round 
their  positions  of  equilibrium  as  centres.  In 
other  cases,  especially  where  the  length  of  the 
wave  is  great  in  comparison  to  the  depth  of 
the  water,  the  particles  move  in  elliptical  orbits, 
with  different  degrees  of  flatness  at  diO^erent 
depths.    These  results  of  theory  are  confirmed  by 
observation.   Weber  has  made  many  experiments 
on  waves  on  a  small  scale  in  glass  troughs,  and 
observed  the  motions  of  the  particles  at  diflTerent 
depths,  by  means  of  small  particles  of  floating 
dust.    He  showed  that,  in  the  case  of  many 
regular  waves,  the  particles  all  revolve  in  circles, 
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with  a  uniform  velocity,  and  he  gi\-es  diagrams 
showing  the  manner  in  which  the  revolution  of 
the  particles,  each  in  succession  being  in  a  different 
part  of  its  orbit  at  the  same  instant,  causes  an 
approach  of  particles,  and  therefore  from  the  in- 
compressibihty  of  the  fluid,  a  rise  of  the  surface 
at  one  part,  while  a  recession  of  particles  causes 
a  depression.  Fig.  5  is  an  elementary  portion  of 
such  a  diagram  for  a  single  particle.    In  cases 


of  less  regularity  the  particles  revolve  in  ellipses 
or  similar  figures.  Mr.  Russell,  in  his  repons 
to  the  British  Association,  has  detailed  several 
important  experiments  on  the  velocities  and 
depths  of  waves,  and  he  has  for  the  first  time 
investigated  the  peculiarities  of  the  wave  gene- 
rated by  the  movement  of  a  solid  through  a 
liquid,  which  he  calls  the  oscillatmg  wave,  or 
wave  of  translation.— Captain  Scoresby  on  a 
recent  vovage  to  America  observed  waves  30  feet 
high,  and'  650  feet  long.  The  horizontal  pressure 
of°waves  encountering  an  object  has  been  made 
the  subject  of  experiment  by  means  of  Stephen- 
son's Marine  Dvnamometer.  It  was  found  that 
the  Atlantic  waves  frequently  exerted  a  pressure 
of  three  tons  on  each  square  foot,  while  in  the 
German  Ocean  the  force  did  not  exceed  one  and 
a-half  tons.  Waves  run  to  vast  distances  alon? 
the  surface  of  the  sea,  but  do  not  agitate  the 
water  to  any  gi-eat  depth.  Thus,  the  same  wave 
runs  continuouslv  from  Cape  Horn  to  the  Island 
of  Ascension,  a  distance  of  3,000  miles,  and  the 
waves  from  tropical  storms  frequently  visit  the 
British  coasts,  while  at  a  depth  of  a  few  hun- 
dred feet  the  ocean  remains  in  perpetual  repose. 
For  further  developments  of  the  theory  of  Undu- 
lation, the  reader  is  referred  to  Sound,  Undtil.v- 
TORY  Theory,  &c.,  &c.  ,   .  ,  , 

Watt's  Indicator.  For  the  pnnciples  of 
all  such  instruments,  see  Dinamomktkr. 

Weather.  The  name  generally  given  to  the 
condition  of  anv  locality  at  any  given  time,  as  to 
the  elements  of  climate.  In  those  vanable  coun- 
tries in  which  we  live,  fine  or  bad  weather 
usuallv  signifies,  fair  seasons  or  rainy  seasons. 
In  manv  regions  of  the  globe,  there  are  stated 
and  regiilar  periods  of  rain  and  serene  sky;  so 
that  the  prediction  of  the  weather  becomes  nn 
easy  task  and  excites  little  attention :  with  u^- 
however,  who  live  under  a  climate  so  changeable, 
and  to  whom,  as  to  all  the  world,  fair  seasons  are 
of  high  importance,  men  catch  eagerly  at  sigiis 
of  what  is  to  happen,  and  have  embodied  their 
experience  in  proverbs.  It  cannot  be  doubted 
that  there  are  signs,  having  a  distinct  physical 
ground,  that  ultimate  the  future  with  more  or 
less  precbion.    Of  tlie  popular  signs,  however, 
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f  we  mav  safely  dismiss- as  altogether  groundless, 
•the  common  proverbs  connected  •with  the  Moon. 
IThe  change  of  the  moon,  the  periods  -vvhen  she 
enters  on  her  new  or  full  state,  or  her  state  of 
quadrature,  have  nothing  -ivhatever  to  do  vvith 
;  the  subject,  and  would  never  have  attained  even 
m  popular  authority,  unless  in  regions  like  ours 

•  where  a  guess  is  as  likely  to  be  right  as  to  be 

•  -wrong,  and  where  the  coiTect  guess  or  prognosti- 
c-cation is  always  the  surest  to  be  remembered. 

There  is  only  one  possible  influence  of  the  moon 
this  direction — that,  -viz.,  derived  from  her 
''f/7u.  There  seems  some  ground  for  the  assertion, 
that  fuU  moon  has  a  certain  efficacj'  in  dis- 
pelling clouds:  possibly  because  she  must  then 
"rausmit  a  certain  amount  of  radiant  heat — 
•vhich  heat  is  absorbed  by  our  atmosphere. 
The  beneficence  attribnted  to  the  harvest  moon 
tmay  thus  be  not  whoUy  a  fable.   If  it  is  not,  we 
should  expect  comparatively  good  weather  when 
full  moon  occurs,  with  ahigh  northern  declination 
of  our  nocturnal  luminarj-.  —  All  other  popular 
i  indications  or  prognostics  are  connected  -(vith  the 
clouds  ;  these  have  been  well  explained  by  Sir 
Humphrey  Davy  in  his  Salnionia.    One  of  the 
speakers  in  the  dialogue,  inquiring  why  the  clouds 
in  the  west,  being  red,  with  a  tinge  of  purple, 
-should  portend  fair  weather,  is  answered,  that  the 
lair,  when  dry,  refracts  more  of  the  red  and  heat- 
iimaking  rays  than  when  moist ;  and  as  dry  air 
:  is  not  perfectly  transparent,  those  rays  are  re- 
liflected  in  the  horizon.    It  is  added  that  a  cop- 
i>ery  or  yellow  sunset  foretells  rain ;  but  that,  as 
m  indication  of  approaching  wet  weather,  no- 
thing is  more  certain  than  a  halo  roimd  the 
moon,  since  it  is  produced  by  precipitated  water : 
-.  the  larger  the  circle  is,  the  neai-er  are  the 
clouds ;  consequently,  the  more  ready  to  descend 
'  !i  rain.    In  explaining  why  a  rainbow  in  the 
morning  betokens  rain,  and  one  in  the  evening 
t.fair  weather,  it  is  stated  that  the  bow  can  only 
■  be  seen  when  the  clouds  depositing  the  rain  are 
opposite  to  the  sun ;  thus  in  the  morning  the  bow 
is  in  the  west,  and  in  the  evenuig  in  the  east ; 
and  as  the  rains  in  this  country  are  usually 
ijrought  by  westerly  winds,  a  bow  in  the  west 
indicates  that  the  rain  is  coming  towards  the 
■spectator;  whereas  a  bow  in  the  cast  indicates 

that  the  rain  is  passing  away  from  him  The 

indications  of  fine  weather  from  swallows  fiyitig 
:high,  is  explained  by  stating  that  the  insects  on 
iwhich  these  birds  feed  delight  to  fly  in  a  warm 
stratum  of  air;  but  warm  air  being  lighter  than 
that  which  is  moist,  occupies  a  higher  part  of  the 
atmosphere,  and  therefore  the  birds  then  find 
their  prey  in  the  upper  regions.    On  the  con- 
trary, when  the  warm  air  is  near  the  surface  of 
;illie  earth,  the  insects  and  bu-ds  arc  there  also, 
md  then,  as  the  cold  air  from  above  descends 
nto  it,  a  deposition  of  water  takes  place.  The 
i  pinion  that  sea-birds  come  to  land  in  order  to 
I  void  an  approaching  storm,  is  stated  to  be  er- 
uneous ;  and  the  cause  assigned  is,  that  as  the 


fish  upon  which  the  birds  prey  go  deep  into  the 
water  during  storms,  the  birds  come  to  land 
merely  on  account  of  tiie  gi'eater  certainty  of 
finding  food  there  than  out  at  sea.  It  may  be 
observed  here,  that  the  Idud  of  cloud  which  is 
designated  cirro-stratus,  is  almost  always  followed 
by  a  depression  of  temperature  in  the  atmosphere, 
and  by  -wind  or  rain. — In  a  section  of  Eain,  we 
have  described  the  relations  of  the  rise  and  fall 
of  the  mercurial  column,  with  that  meteor. 

Weight  of  Observations.  This  subject  has 
already  been  discussed,  in  so  far  as  our  space  will 
permit,  under  Ereob,  Frobajbilities,  and 
Squares  the  Least.  The  student  is  referred 
to  the  works  on  Probabilities  by  De  Morgan  and 
Galloway. 

Weiglits  and  Measures.  In  so  far  as  an 
article  with  this  title  may  be  presumed  to  com- 
prise an  account  of  the  weights  and  measures  in 
use  in  civilized  coimti'ieSj  we  renounce  all  inten- 
tion of  writing  it  here.  We  can  advert  only, 
and  that  with  every  bre-sdty,  to  the  principles 
involved  in  the  adoption  of  units,  and  in  the 
mode  of  multiplying  and  subdividing  those  imits. 
— (1.)  There  are  no  natm-al  units,  except  as  to 
quantities  of  time  and  angular  magnitude.  The 
sidereal  day  is  a  fixed  unit  of  time,  and  the  right 
angle  a  fixed  unit  of  angular  magnitude.  All 
other  units  are  conventional,^ — only  it  were  well 
that  civilized  nations  could  agree  and  adopt  some 
owe  convention.  Whence  however,  one  standard 
of  length — whence  one  unit  of  weif/ht?  Several 
attempts  have  been  made  to  derive  a  natural  stan- 
dard or  unit  of  length  from  some  fixed  dimension 
in  Natm'e.  For  instance,  the  French  government 
defined  a  metre  as  the  ten-millionth  part  of  a 
quarter  of  the  meridian, — which  quantity  they 
trusted  that  their  great  survey  woidd  ascertain 
-with  an  idtimate  exactness.  English  scientific 
men  on  the  other  hand  prefen-ed  as  an  unit,  the 
length  of  the  pendulum  vibrating  seconds  in  a 
given  latitude.  But  as  the  result  of  the  last  com- 
mission appointed  by  the  British  government,  we 
have  the  recommendation  that  all  attempts  to 
obtain  a  natural  standard  be  abandoned,  that  a 
return  be  made  to  the  old  plan  of  standai'ds 
manufactured  in  metal,  and  that  the  unit  be 
taken  from  our  best  existing  representation  of  the 
old  standards.  It  would  seem  strange,  to  recom- 
mend a  retrogression  to  the  authority  of  standards 
wliich  have  no  absoluie  authority,  and  of  which 
we  have  no  perfectly  accurate  copies;  but  the 
balance  of  convenience  is  decidedly  with  the  con- 
clusion of  the  commissioners, — the  uncertainty 
being  capable  of  being  made  less  in  this  way  than 
in  any  other.  The  commissioners  proceeded 
farther,  and  accomplished  the  fabrication  of  a 
standard,  by  use  of  precautions  and  an  amount  of 
care  and  skill  superior  to  wliioh,  nothing  »ould  be 
demanded  by  the  most  delicate  and  important 
problem  in  engineering.  As  to  standards  of 
weight,  these  were  formerly  referred  to  standards 
of  length — the  unit  being  a  cubic  inch  of  distilled 
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Tvater.    The  commissioners  recommend  howeA'er 
that  capacity  be  not  henceforth  measured  by 
length  but  by  weight ;  and  that  the  unit  hence- 
forth shall  be  a  pound  avoirdupois  carefully 
preserved  in  the  form  of  a  piece  of  metal  or  other 
durable  substance. — (2.)  Scientific  abstractions 
having  thus  been  abandoned  as  unfit  for  practical 
uses  in  the  determination  of  units,  it  remains  to 
inquire  -whether  aid  from  theory  might  not  help 
us  towards  a  regular  and  uniform  system  of 
divisions  and  subdivisions?    Now  there  is  per- 
haps no  change,  so  simple  in  itself  which  promises 
to  yield  so  great  an  amount  of  practical  advantage 
to  the  great  body  of  the  people,  as  the  adop- 
tion of  a  i)uve\y' decimal  system  in  the  arrange- 
ment of  the  various  denominations  of  weights, 
measures,  and  money.    This  is  a  change  which 
has  been  long  contemplated  and  frequently  and 
strongly  urged  by  a  few  mathematicians  and 
others  whose  attention  has  been  more  especially 
directed  to  the  subject ;  but  the  question  is  one 
In  which  it  is  found  extremely  difficult  to  interest 
any  considerable  section  of  the  public,  and  in  the 
absence  of  popular  feeling  it  is  to  be  regretted 
that  even  the  most  obviously  useful  and  necessary 
reforms  are  too  apt  to  be  postponed  to  questions 
of  a  far  less  important  but  more  exciting  character. 
— The  various  scales,  according  to  which  the  dif- 
ferent denominations  of  British  weights,  measures, 
and  money  are  now  related  to  each  other,  present 
tlie  most  inconceivable  anomalies,  and  are  indeed 
quite  barbarously  complex  and  confusing.  In 
avoidupois  weight  the  scale  in  use  is  16,  16,  28, 
4,  and  20;  in  troy  weight,  24,  20,  and  12;  in 
apothecaries'  weight,  20,  3,  8,  and  12;  in  long 
12,  3,  51  40,  8,  and  3 ;  in  superficial 


measure,  ~  ,  ,  ^,  ,  , 
measure,  144,  9,  3^,  40,  and  4 ;  in  liquid  and 
dry  measures,  4,  2,  4,  2,  4,  8,  and  10;  and  in 
money,  4,  12,  and  20.  It  is  impossible  to  esti- 
mate with  any  degi-ee  of  accuracy  the  amount  of 
labour  annually  throivn  away  by  the  nation  at 
large,  while  persisting  in  performing  the  manifold 
computations  necessary  to  its  gigantic  commerce 
and  industry,  by  means  of  a  series  of  tables  so 
needlessly  complicated  and  imperfect  as  those  now 
in  use.  But  the  waste  of  time  and  loss  of  money 
must  be  something  quite  enormous,  while  every  day 
it  becomes  greater  and  greater.  Were  the  difl'erent 
denominations  of  weights,  measures,  and  money 
brought  into  harmony  with  the  fundamental 
principle  of  our  common  arithmetic,  by  the 
adoption  of  a  purely  decimal  arrangement,  it  may 
safely  be  affirmed  that  the  labour  of  commercial 
and  "professional  calculations  would  be  reduced 
much  below  one-half  of  what  is  now  expended 
in  this  direction,  while  the  risk  of  errors  would 
be  diminished  in  a  still  greater  ratio.— In  an 
educational  point  of  \ncw,  this  question  is  also 
very  important,  more  especially  as  regards  the 
instruction  of  the  children  of  the  poorer  classes. 
"Were  a  decimal  system  introduced,  the  -^Tirious 
denominations  of  weights,  measures,  and  money, 
increasing  and  dimiuishing  by  a  uniform  scale  of 
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tens  and  tenths,  the  labour  of  imparting  and  of 
acquiring  a  knowledge  of  all  the  arithmetic 
necessary  for  ordinary  commercial  purposes  would 
evidently  be  greatly  abridged.  Sir  J ohn  Bowring 
states  that,  in  China,  where  a  uniform  decimal 
system  is  in  use,  a  boy  at  school  becomes  a  better 
practical  arithmetician  in  a  month  than  a  boy  in 
an  English  school  can  become  in  a  year.  There 
may  possibly  be  a  little  over-colouring  here ;  but 
when  it  is  considered  that  for  ordinary  commercial 
computations  nothing  would  be  required  beyond 
the  power  of  applying  readily  the  four  simple 
rules,  it  is  not  to  be  disputed  that,  in  so  far  as 
arithmetic  is  concerned,  a  lad  of  ordinarj'  intelli- 
gence might  do  more  by  attending  an  evening 
class,  during  a  single  winter  session  to  qualify 
himself  for  a  place  in  a  shop  or  office  than  he 
could  now  do  even  by  a  years'  constant  attend- 
ance at  a  regular  day  school. — Headers,  who  have 
not  hitherto  considered  the  subject,  are  recom- 
mended to  refer  to  the  French  Tables  of  Weights, 
Measures,  and  Money,  which  are  constructed  on 
a  uniform  decimal  scale.    FuU  information  re- 
garding the  progress  of  the  question  in  this 
country  will  be  found  in  the  following  publica- 
tions :  —  Report  of  the  Royal  Commission,  ap- 
pointed in  1838,  on  a  Decimal  System  of  Weights 
and  Measures ;  Report  of  the  Royal  Commission, 
appointed  in  1843,  on  Decimal  Coinage;  Report 
of  Committee  of  House  of  Commons,  appointed  in 
1853,  on  Decimal  Coinage;  Sir  Charles  Pasley's 
volume  on  a  Decimal  System  of  Weights,  Measures, 
and  Money ;  and  the  publications  of  the  "  Decimal 
Association,"  established  in  London  in  1854,  to 
promote  a  decimal  system  of  money,  &c.,  &c._ 

Wheel  and  Axle.  One  of  the  mechanical 
powers.  Its  form  and  mode  of  operation  are 
known  to  every  one.  It  is  e%-ident  enough  that 
it  is  simply  a  lever  aiTangement  in  which  the 
arms  (the  radii  or  spokes)  are  changed  contin- 
ually as  the  machine  moves,  the  arms  remainmg, 
however,  of  constant  length.  The  ratio  of  the 
power  to  the  weight  is  therefore  inversely  as  the 
radius  of  the  wheel  to  that  of  the  axle. 

Wliirl|»ooI.  A  place  in  a  river  or  in  the 
sea,  where,  in  consequence  of  obstructions  that 
cause  the  meeting  of  various  currents,  the  water 
takes  on  a  revolving  motion.  When  different 
currents  meet  in  this  way  there  is  no  resultant 
mechanicallv  possible  except  a  whiripool.  In 
various  portions  of  the  ocean,  most  powerful 
results  of  this  sort  are  evolved,  —  witness  the 
Maelstrom,  Scylla,  and  our  own  Corrjnrreckan. 
Tliey  are  all  reducible  to  the  same  principle. 
See  Winds. 

Wliirlvrind.    See  Winds. 
Winds.  The  Theory  of  the  Winds,  although 
far  from  perfect,  has  recently  been  greatly  ad- 
vanced by  important  discoveries  in  three  directions. 
We  shall  briefly  state  these  in  their  order. 

I.  TitEORT  OF  THE  WiNDS  IN  GeXERAI^ — 

If  tbe  surface  of  our  globe  were  equally  warm  at 
every  part,  and  continued  so,  the  Atmosphere 
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would  remain  ever  at  rest,  i.e.,  winds  could  not 
exist.  But  if  any  one  spot  or  region  of  the 
terrestrial  superficies  be  heated  more  than  another, 
the  equilibrium  of  its  superincumbent  aerial  mass 
imust  be  disturbed,  and  motion  will  necessarily 
ensue.  The  rationale  of  the  process  is  very  simple. 
The  column  of  air  resting  on  the  heated  region, 
becomes  also  heated  by  conduction,  convection, 
and  to  some  extent  by  radiation.  It  expands 
therefore,  or  augments  in  length,  and  must  Jloio 
over  at  its  highest  part.  The  barometer  must 
therefore  fall  at  the  earth's  surface,  and,  in  obe- 
dience to  the  fundamental  laws  of  the  Statics  of 
Fluids,  a  rush  of  air  will  ensue  towards  the  heated 
region  from  aU  quarters  near  the  surface.  Two 
currents  or  winds  result  therefore :  one  from  the 
heated  region  in  the  upper  parts  of  the  atmo- 
sphere, and  another  towards  it,  at  the  surface 
and  low  elevations.  The  entire  habitudes  of  these 
currents — their  intensities  at  all  heights,  and  of 
course  the  elevation  of  the  neutral  stratum,  or 
the  stratum  where  there  is  no  current— have  been 
analyzed  by  the  late  Professor  Daniel,  in  his 
most  instructive  work  on  Meteorologij,  to  which 
again  we  earnestly  refer  the  student. — Apply 
this  elementary  conception  to  the  actual  earth, 
and  how  extreme  the  complexity  of  its  winds  ! 
Let  a  variation  of  surface -temperature  occur 
through  any  cause — even  the  shifting  of  a  cloud 
— and  peculiar  aerial  currents  must  ensue !  Never- 
theless there  are  general  laws.  For  instance,  there 
must  in  the  main  be  a  tendency  to  upper  currents 
from  equator  to  both  poles,  and  of  compensating 
under  currents  from  both  poles  to  the  equator. 
"Within  the  tropics,  the  annual  course  of  the 
sun's  declination  must  also  produce  regular  aerial 
changes :  and — stiU  more  minutely — so  must  the 

■  alternation  of  day  and  night,  especially  in  coun- 

■  tries  on  the  sea-board. — But  there  is  a  second 
I  cosmical  element  of  paramont  moment  in  refer- 
I  ence  to  all  movements  of  the  atmosphere.  That 
<  element  is  the  diurnal  rotation  of  the  earth.  Let 
;  us  see  how  this  must  affect  the  two  great  winds 
I  of  which  we  have  just  spoken,  viz.,'  the  under 
1  current  from  the  poles  to  the  equator,  and  the 
1  upper  current  from  the  equator  to  the  poles.  A 

particle  of  air  at  the  pole,  has  no  motion  of  rota- 
tion ;  and  if  one  could  suppose  it  transferred  at 
once  to  the  earth's  surface  at  the  equator,  it  would 
rest  stuhhj,  over  a  surface  rotating  from  west  to 
east  with  a  great  velocity.   The  stabilitij  of  such  a 
particle  would  have  precisely  the  effect  of  an  east 
1  wind  blowing  with  the  velocity  of  the  earth's 
r  rotation.    And  it  is  easy  to  sec  that  through  all 
;  the  regions — say  between  North  pole  and  equator 
— this  polar  current  must  take  on  an  easterly  in- 
clination ;  that  is  to  say,  it  will  produce  winds 

between  pure  north  and  pure  east  tiie  pure 

north  wind  existing  only  at  the  pole  tiie  pure 

cast  only  at  the  equator, — while  north -easts 
must  prevail  in  the  intermediate  or  temperate 
zones.  Because  of  precisely  the  same  principle, 
only  reversed  in  its  action,  the  upper  current 
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from  equator  to  pole,  must  become  a  purely  west 
wind  at  the  pole,  having  changed  gradually  to  that 
direction  from  its  initial  direction  of  pure  south — 
passing  in  the  temperate  zones  through  the  in- 
termediate inclination  of  south-west. — The  equa- 
torial east  winds  are  of  course  the  Trade  icinds : 
the  Monsoons  owe  important  modifications  to  the 
cause  now  specified :  and  it  is  well  known  that  in 
the  temperate  zones,  our  chief  winds  are  those 
from  the  north-east  and  south-west.    The  alter- 
nation of  these  opposite  currents,  is  owing  to  the 
fact,  that,  through  various  causes,  the  equatorial 
and  polar  currents  often  change  places, — the  one 
descending  to  the  earth's  surface,  and  the  other 
ascending. — The  irregular  winds  prevailing  in 
the  temperate  zones — say  over  Europe — involve 
indeed  no  other  causes  than  differences  of  tem- 
perature.   Suppose,  for  instance,  that  a  general 
south-west  occupies  the  upper  regions,  but  that 
the  western  part  of  Europe  is  verj'  hot,  while  the 
eastern  districts  remain  very  cold  with  a  clouded 
sky.    This  difference  of  temperature  wU  imme- 
diately give  rise  to  an  east  mnd,  and  when  this 
wind  meets  that  from  the  south-west,  there  will 
be  a  south-east  wind,  that  may  be  transformed 
into  a  true  south  wind.    M.  Dove  has  indeed 
deduced  in  a  most  simple  and  ingenious  waj',  the 
evolution  of  aU  winds  from  the  reignmg  south- 
west and  south-east  aerial  currents.    He  con- 
cludes, further,  that  in  general  the  winds  must 
succeed  each  other  in  a  certain  determinate  order 
— an  order  which  he  designates  as  the  t,aw  of  the 

Rotation  of  the  Wind- Vane.   The  law  is  this :  

in  the  regular  succession  of  phenomena,  the  wind, 
in  our  latitudes,  should  turn  from  the  east  to  the 
south  and  to  the  west, — thence  through  the  north 
to  the  east  again.  In  the  southern  hemisphere 
the  course  is  reversed.  The  reader  should  con- 
sult Dove's  original  memoirs  in  his  Meteovo- 
logische  Untersuchungen,  or  the  discussion  of  the 
same  subject  in  the  Manual  by  Kaemtz,  as  trans- 
lated by  Mr.  Walker. — We  close  this  part  of  our 
subject  with  an  account  of  the  main  winds  ori- 
ginating in  the  efficient  causes  just  unfolded, — 
an  account  copied  by  kind  permission  of  tlie 
Editor  from  the  Notes  to  Johnston's  invaluable 
Physical  A  tlas. 

(1.)  Trade  Winds. — The  trade  winds  are  so 
certain  in  their  course,  and  navigation  is  so 
simple  where  they  blow  steadih',  that  for  tliis 
reason  the  early  Spanish  navigators  gave  to  tlic 
trade  wind  region  of  the  Atlantic  between  Euro])e 
and  America,  the  name  of  the  "Ladies'  Gulf." 
Whore  these  ivinds  are  well  establisiicd,  tiie 
weather  is  constantly  fine,  and  the  slcy  in  general 
clear.  If  they  suddenly  cease,  the  slcy  lower;;, 
and,  in  certain  localities,  rain  and  storm  succecil, 
Avilh  a  violence  and  a  duration  proportioned  to 
tlio  vicinity  of  the  place  to  the  equator;  and  it 
is  rcmarlced  tliat  their  rc-establislinient  is  always 
by  a  violent  reaction,  or  by  an  excessive  fall  of 
rain.  The  trade  winds  blow,  with  occasional 
interruptions   and  modilicalions,  more  or  less 
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rogularly  round  the  globe;  but  in  general  their 
iutluence  is  not  felt  within  100  miles  of  the  shore, 
where  they  are  affected  by  the  vicinity  of  land : 
in  many  places,  as  on  the  coast  of  Africa  in  sum- 
mer and  autumn,  they  are  soutlierlj',  and  assume 
the  character  of  monsoon  winds.    On  the  north 
of  the  equator  they  blow  from  the  E.  to  N.E., 
N.N.E.,  and  N. ;  and  on  the  south  of  the  equator, 
S.S.E.,  E.S.E.,  and  E.— The  polar  limits  of  tlie 
N.E,  and  S.E.  trade  winds  extend  generally  on 
each  side  of  the  equator  in  the  Atlantic  and 
Pacific  Oceans,  to  the  parallel  of  latitude  30° 
N.  and  S.    But  these  limits  vary  greatly  in  dif- 
ferent parts  of  the  ocean,  and  at  different  seasons, 
because,  being  subject  to  the  influence  of  tempera- 
ture, they  remove  two  or  tln-ee  degrees  towards 
the  north  or  south,  according  as  the  sun  has  north 
or  south  declination.    Thus  in  spring  they  are 
nearest  the  equator,  extending  sometimes  at  this 
season  not  further  from  it  than  the  parallel  of  15° 
N.  lat.  The  zone  of  the  N.E.  trades  m  the  Atlantic 
Ocean  extends,  on  an  average,  from  about  lat. 
7°'to  lat.  29°  N.,  a  section  of  the  globe  composed 
of  nearly  one-third  part  of  land  and  two-thirds 
water.    The  zone  of  the  S.E.  trades  in  the  At- 
lantic is  much  broader  than  that  of  the  N.E., 
and  the  S.E.  trades  blow  with  greater  freshness: 
they  sometimes  extend  to  lat.  10°  or  15°  N., 
whereas  the  N.E.  trades  seldom  blow  south  of 
the  equator.     In  the  Pacific  Ocean  the  trade 
winds  first  strike  the  sea  in  the  parallel  of  about 
30°  N.;  thence  they  blow  N.E. ,  and  reach  the 
belt  of  equatorial  calms,  M'hicli  here  merges  into 
the  monsoon  region,  in  the  vicinity  of  the  Caro- 
line Islands,    lietween  the  N.E.  and  S.E.  trades 
a  space  intervenes,  extending  at  different  seasons 
from  about  150  to  500  miles  in  breadth.  Here 
the  two  winds  meet  with  opposing  forces  so  nearlj' 
balanced  as  to  neutralize  each  other,  and  produce 
a  calm.    But  as  the  air  of  the  trade  ^vinds  has 
in  each  hemisphere  traversed  obliquely  a  large 
space  of  ocean,  it  is  necessarily  loaded  with  mois- 
ture, and  hence  this  belt  of  calms,  known  to 
.seamen  by  the  name  of  the  "  Variable,"  is  also 
the  zone  of  constant  rain,  of  baffling  winds,  and  of 
electrical  explosions.     Following  the  course  of 
the  sun,  the  belt  of  calms  shifts  its  position  during 
the  year  over  nearly  17°  of  latitude,  according 
to  the  season.    In  summer  it  stretches  farthest 
north,  where  it  remains  several  months,  and  then 
returns  south,  so  as  to  attain  its  extreme  southern 
latitude  some  time  in  March  or  April.    In  July 
and  August  it  extends  to  between  lat.  7°  and  12° 
N.,  and  in  March  and  April  between  lat.  5°  S. 
and  2°  N.    This  system  of  calms,  which,  in  con- 
nection with  the  monsoons  of  the  Atlantic  and 
Pacific  Oceans,  is  called  "  equatorial  doldrums," 
has  a  poweiful  effect  in  retarding  the  voyage  of 
vessels  under  canvas.    Besides  tlie  great  equa- 
torial belt  of  calms,  recent  investigations  have 
confirmed  the  opinion  that  there  exist,  near  the 
tropics  of  Cancer  and  Capricorn,  belts  of  calms 
across  the  great  oceans.    On  the  equatorial  side 


of  these  belts,  the  wind  at  the  surface  of  the  sea 
blows  permanently  towards  the  equator:  while  on 
the  polar  side,  the  prevailing  direction  of  tlie 
wind  on  the  surface  of  the  ocean  is  towards  the 
poles.  On  the  polar  side  of  tlie  Capricorn  belt 
the  winds  prevail  from  the  N.W.,  and  on  tlie 
equatorial  side  from  the  S.E. ;  on  the  polar  side 
of  the  Cancer  belt  the  prevailing  winds  are  from 
the  S.W.,  and  on  the  equatorial  side  from  the 
N.E.  Like  the  belt  of  equatorial  cahns,  the  calm 
belts  of  the  tropics  are  variable  both  in  breadth 
and  in  position,  according  to  the  season.  The 
extreme  vibration  of  the  calm  belt  of  Cancer  is 
between  the  parallels  of  17°  and  38°  N.  This 
belt  is  known  to  American  seamen  as  the  "  Horse 
Latitudes." 

(2.)  Monsom  Winds. — The  promontory  of 
India  intruding  itself  into  the  region  of  the  trade 
winds,  interrupts  the  continuous  westerl}'  current 
of  air,  which  is  replaced  by  alternating  currents 
from  the  N.E.  and  S.W.  These  change  their  di- 
rection as  the  sun  passes  the  latitude  of  the  place. 
On  the  Malabar  coast,  as  the  sun  approaches  from 
the  southward,  clouds  and  variable  winds  attend 
him ;  and  his  transit  northward  is  in  a  week  or 
ten  days  followed  by  that  furious  burst  of  thundery 
and  tempest  which  herald  the  rainy  season,  Hi8|| 
southward  transit  is  less  distinctly  marked ;  it  is^ 
the  sign  of  approaching  fair  weather,  and  is  also 
attended  by  thunder  and  storm.  Monsoon  winds 
prevail  to  a  limited  extent  in  several  portions  of 
the  globe,  as  in  the  Gulf  of  ilexico,  where  the 
norte,  or  north  winds,  blow  from  September  to 
March ;  and  on  the  coast  of  ISIexico  and  Central 
America,  where  recent  observations  have  ascer- 
tamed  the  existence  of  regular  monsoon  winds ; 
on  the  coast  of  Brazil,  where  in  autumn  (Sep- 
tember to  March)  they  blow  from  the  N.E.,  and 
in  spring  (March  to  September)  from  the  S.E. 
On  the  other  side  of  the  continent,  the  monsoons 
of  the  Chili  coast  blow  from  the  N.  from  May  to 
September,  and  from  the  S.  from  October  to 
IMay ;  on  the  coast  of  Africa,  wliere,  between  the 
parallel  of  13°  N.  and  the  equator,  the  trade 
winds  are  during  the  summer  and  autumnal 
months  turned  back  by  the  heated  plains  of  the 
interior,  and  blow  as  a  regular  southwardly  mon- 
soon during  six  months.  The  region  of  the  oc:an 
exposed  to  these  winds  is  of  a  cuniform  shape, 
having  its  base  resting  upon  Africa,  and  its  apex 
stretcliing  over  to  within  10°  or  15°  of  the  mouth 
of  the  Amazon.  These  monsoons  blow  towards  the 
coast  of  Africa  from  June  to  November,  inclusive, 
and  bring  the  rains  which  divide  the  seasons  m 
these  parts;  in  the  Jlediterranoan,  where  the 
north  winds  {Elesian  winds  of  the  Greek)  ntt.iin 
their  greatest  force  in  summer.  But  these  winds 
are  most  tlioroughly  established,  and  blow  with 
the  greatest  regularity,  in  the  Indian  Ocejin. 
especially  on  the  north  of  the  equator,  whore 
they  extend  from  the  coast  of  Africa  to  the  cflst 
coast  of  the  Bay  of  Bengal,  and  even  to  the 
Ciiina  Sea;  although  in  the  northern  portion  of 
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it  they  blow  with  less  regularity,  south  of  the 
equator,  the  monsoons  extend  to  lat.  1°  or  8°  S. 
in  the  Indian  Ocean.  In  general  the  monsoons 
blow  towards  the  continent  during  siunmer,  and 
in  an  opposite  direction  in  winter.  Thus,  the 
period  of  the  commencement  of  the  S.W.  mon- 
soon, which  prevails  in  the  northern  part  of  the 
Indian  Ocean  from  April  to  October,  corresponds 
to  the  season  in  which  the  sun,  having  attained 
a  great  north  declination,  the  opposite,  or  N.E. 
mousoon  prevails.  The  monsoons  blow  in  one 
direction  during  half  the  year,  or  rather  from  the 
middle  of  April  to  the  middle  of  September,  and 
in  an  opposite  direction  from  the  middle  of  Octo- 
ber to  the  middle  of  March.  In  the  north  of  the 
Indian  Ocean  the  S.W.  monsoon  commences  in 
the  middle  of  April,  and  terminates  in  the  middle 
of  September.  The  N.E.  monsoon  succeeds,  and 
continues  from  the  middle  of  October  to  the 
middle  of  March  or  begirming  of  April.  The 
S.W.  monsoon  brings  rain  and  foul  weather.  The 
•wind  blows  with  greater  force  during  this  than 
during  the  N.E.  monsoon,  when  the  sky  is  gene- 
rally clear.  The  zone  of  the  S.W.  and  N.E. 
monsoons  is  comprised  between  the  equator  and 
tropic  of  Cancer.  It  extends  from  the  east  coast 
of  Africa  to  the  coasts  of  India,  China,  and  the 
Philippine  Islands.  Its  influence  is  sometimes 
felt  in  the  Pacific  to  the  vicinity  of  the  Mari- 
annes, i.  e.,  to  145°  E.  longitude.  In  the  north 
it  is  occasionally  observed  as  far  as  the  islands  of 
Japan.  Eegular  monsoons  are  established  in  the 
channel  of  Mozambique,  from  the  parallel  of  the 
Bay  of  lofala  to  the  equator.  On  the  east  of 
Madagascar,  the  N.E.  monsoon  blows  from 
November  to  April,  and  the  S.E.  from  April  to 
November,  the  latter  being  the  fine  season.  The 
limits  of  the  monsoons  are  not  uniform  in  all 
places,  and  they  do  not  always  change  exactly 
at  the  same  period  of  the  year.  In  the  Bay  of 
Bengal  the  winds  are  more  variable  in  force  and 
direction  than  in  the  Indian  Ocean,  where  storms 
occur  very  frequently  at  the  change  of  the  mon- 
soons. On  the  south  of  the  equator,  the  S.E. 
monsoon  commences  in  the  middle  of  April,  and 
termmates  in  the  middle  of  September;  it  is 
replaced  by  the  N.W.  monsoon,  variable  to  the 
W.S.W.,  which  commences  in  the  middle  of 
October,  and  ends  in  the  middle  of  March.  This 
latter  monsoon  is  the  period  of  squalls  and  foid 
weather. — The  S.E.  and  N.W.  monsoons  blow 
within  a  zone  comprised  between  the  equator  and 
the  parallel  of  8°  or  9°  of  S.  latitude ;  but  on  tlie 
coast  of  Australia,  and  in  the  west  of  the  Pacific, 
this  zone  extends  to  the  parallel  of  20°  or  30°  S. 
— The  N.W.  monsoon  rarely  blows  with  force 
and  regularity,  except  in  the  months  of  Decem- 
ber and  January,  when  it  sometimes  occupies  a 
zone  comprised  between  the  parallels  of  10°  or 
12°  S.  and  those  of  2°  and  '6"  N.  This  monsoon 
is  subject  to  great  irregularity.  The  S.E.  mon- 
soon wliich  prevails  during  the  fine  season  on  tlie 
south  of  the  equator,  may  be  considered  as  an 
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extension  of  the  S.E.  trade  winds,  which  then 
extend  to  the  equator,  the  sun  being  at  that 
time  near  the  tropic  of  Cancer.  The  part  of  the 
ocean  where  S.E  and  N.W.  monsoons  blow  with 
the  greatest  force  and  regularity,  is  tlie  Sea  ol 
Java,  and  thence  toward  the  east  to  Timor, 
among  the  Moluccas,  and  toward  New  Guinea, 
in  the  Arapua  Sea.  These  monsoons  are  expe- 
rienced on  the  north  coast  of  Australia,  between 
Melville  Island  and  Cape  York,  as  well  as  in 
Torres  Strait,  where  the  N.W.  monsoon  begins 
at  the  end  of  October,  and  continues  till  March. 
— The  change  of  the  monsoons  occurs  between 
the  latter  half  of  March  and  September,  and  the 
first  half  of  April  and  October.  This  change 
takes  place  gradually,  and  is  almost  always 
accompanied  by  storms  and  tempests.  When 
the  monsoon  is  about  to  cease,  the  clouds  in  the 
upper  atmosphere  are  observed  to  take  a  direc- 
tion opposite  to  that  in  which  it  has  been  blow- 
ing, although  several  weeks  sometimes  intervene 
before  the  change  is  apparent  at  the  surface 
of  the  sea.  Monsoon  winds  penetrate  far  into 
the  interior  of  continents,  but  then  their  direction 
is  modified  by  the  form  and  contour  of  coasts  and 
islands,  chains  of  mountains,  and  other  causes. 
The  direction  of  the  monsoons  determine  the  wet 
and  dry  seasons  in  India;  the  rainy  season  of 
the  west  coast  corresponding  with  the  S.W.,  and 
that  of  the  east  coast  with  the  S.E.  monsoon. 

(3.)  Land  and  Sea  Breezes. — These  alternating 
winds,  which  prevail  on  the  coasts  of  continents, 
and  islands  of  the  Indian  ocean,  on  the  African 
coast  and  other  places,  are  occasioned  by  the 
diui-nal  heating  and  cooling  of  the  soil,  the  tem- 
perature of  the  sea  remaining  nearly  uniform. 
They  follow  the  coui-se  of  the  sun,  on  which  they 
appear  entirely  to  depend,  occurring  sooner  or 
later  according  to  locality.  When  most  power- 
fully felt,  the  air  at  noon  is  found  to  have  attained 
a  temperature  of  120°,  while  that  of  the  sea  rarely 
rises  above  80°.  The  air,  thus  heated  and  ex- 
panded, ascends,  and  draws  from  the  sea  fr-esh 
supplies  to  fill  its  room ;  the  current  thus  gen- 
erated constitutes  the  sea  breeze.  During  night, 
the  temperature  of  the  earth  often  sinks  to  50°  or 
60°,  cooling  the  conterminous  air,  and  condensing, 
in  the  form  of  dew,  the  moisture  floating  around. 
The  sea  is  now  from  15°  to  20°  warmer  than  the 
earth,  the  greatest  difference  between  the  two 
existing  at  sunrise ;  the  air  then  rushes  in,  and 
draws  off  a  cuiTent  from  the  shore,  constituting 
the  land  breeze.  The  sea  breeze  commences 
gently  at  first,  and  gradually  increases,  attaining 
its  greatest  force  at  the  period  of  maximum  heat 
of  the  day.  It  declines  with  the  decreasing  heat 
of  the  evening,  and  at  sunset  there  is  an  interval 
of  calm.  During  night,  when  the  land  is  colder 
than  the  sea,  the  land  breeze  prevails.  It  attains 
its  greatest  foi'ce  at  the  period  of  the  minimum 
temjieraturo  of  the  night.  A  knowledge  of  the 
winds  is  of  great  use  in  local  navigation. 

(4.)  Prevailing  North- Easterly  and  Sout/i- 
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Westerly   Winds. —  Beyond  the  limits  of  the 
trade  ^vinds  in    the  temperate  zone  of  both 
liemisplieres,  are  the  region  of  the  jirevailing 
south-westerly  and  north-westerly  winds.  These 
appear  to  be  produced  by  the  fusion  of  the 
return  currents  from  W.  to  E.,  occasioned  by 
the  trade  winds,  with  the  currents  flowing  from 
the  poles  towards  the  equator.    The  winds  which 
result  from  these  must  necessarily  take  a  mean 
direction,  depending  on  the  relative  force  of  the 
opposing  currents  of  air ;  this  direction,  although 
very  variable,  is  chiefly  westerly.    On  the  north 
of  the  equator,  between  the  parallel  of  30°  and 
G0°  north,  it  is  variable  to  the  W.  and  S.W. 
The  prevalence  of  south-westerly  winds  in  the 
temperate  zone  of  the  North  Atlantic,  is  formed 
by  the  difference  of  time  occupied  in  the  voyage 
of  wind  -  propelled  vessels  from  the  north  of 
Europe  to  North  America,  and  that  of  the  re- 
turn voyage  from  North  America  to  Europe. 
From  Liverpool  to  New  York  the  average  is  forty 
days,  while  from  New  York  to  Livei-pool  is  twenty- 
three  days.    Between  Europe  and  America  the 
S.W.  winds  prevail  in  the  ratio  of  two  to  one. 
The  mean  direction  of  the  prevailing  winds  in 
this  zone,  deduced  from  numerous  observations, 
is,  for  England,  S.  68°  W. ;  France,  S.  88°  W. ; 
Germany,  S.  76°  W.;  Denmark,  S.  62°  AV.; 
Sweden,  S.  50°  W. ;  Russia,  N.  87°  W. ;  North 
America,  S.  86°  W.    Russia  is  the  only  country 
in  which  the  mean  direction  of  the  wind  is  a  little 
to  the  N.  of  west.    In  the  Atlantic  Ocean  the 
most  prevalent  direction  of  the  winds  is  between 
S.  45°  W.,  and  S.  10°  W.    When  the  sun  is 
in  the  northern  hemisphere,  they  prevail  from 
S.W.  to  W. S.W. ;  but  when  he  is  m  the 
southern  hemisphere,  they  blow  from  W.N.W. 
to  N.W.     This  latter  period  is  the  season  of 
squalls  and  foul  weather  between  North  America 
and  Europe.  —  On  the  south  of  the  equator, 
between  the  parallels  of  30°  and  50°  S.  it  is 
observed  that  the  winds  blow  periodically  from 
S.W.  to  N.  W.,  that  they  vary  from  W.  to  N.W. 
when  the  sun  has   south  declination;  whilst 
during  the  rest  of  the  year  they  are  in  general 
from  W.  to  S.W.,  and  are  then  accompanied  by 
storms  and  foul  weather.    In  general  they  arc 
very  variable  and  inconstant.    Between  Cape 
Horn  and  the  Cape  of  Good  Hope,  a  north  wind 
of  several  days'  duration  is  succeeded  by  dull  and 
rainy  weatlier,  but  when  the  wind  passes  to  the 
S.  of  W.  the  weather  is  clear  and  fine. — In  the 
frigid  zone  of  the  Atlantic,  comprised  between 
the  parallel  of  60°  N.  and  the  pole,  enclosed  by 
Ihirope  and  North  America,  and  containing  the 
islands  of  Iceland  and  Spitzbergcn,  no^  regular 
succession  of  winds  has  been  observed.   The  land, 
from  its  vicinity,  and  the  snow  and  ice  by  which  it 
is  environed,  exercises  a  varying  influence  on  the 
currents  of  air,  according  to  the  season.  North 
winds  are,  however,  the  most  regular  and  domi- 
iinnt.    All  the  winds  of  this  zone  are  accompanied 
by  rain  and  snow,  except  during  porlions  of  J une. 
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July,  and  August,  when  the  weather  is  tolerably 
mild  during  southerly  winds,  although  accom- 
panied by  snow,  rain,  and  fogs.    The  coldest 
Aviuds  are  those  from  the  N.  and  N.E.,  but  in 
June  and  July  they  frequently  blow  from  the 
S.S.W.,  and  sometimes  with  violence.  During 
the  months  of  Apiil  and  May,  south  winds  bring 
snow ;  during  the  rest  of  the  year  there  are  thick 
fogs  and  bad  weather.    At  Spitzbergcn,  it  has 
been  observed  that,  during  the  earlier  part  of  the 
year,  the  winds  blow  from  the  south,  and  that 
they  are  northerly  during  the  remainder.  S.E. 
and  N.E.  winds  bring  the  greatest  amount  of 
snow-    At  Novaia  Zemlia,  from  September  to 
May,  the  ^vhids  blow  from  the  north  almost 
without  inten-iiption,  while  from  May  to  August 
they  are  westerly.    On  the  coast  of  Greenland 
the  winds  are  not  periodical.    From  May  to 
July  the  weather  is  fine  with  changeable  winds, 
chiefly  from  the  S.S.W.    The  winds  are  variable 
till  September.    Rains  are  unfrequent;  storms 
rare,  and  of  short  duration.    The  coldest  -ninds 
are  from  the  N.E.    In  the  arctic  regions,  accord- 
ing to  Parry's  interesting  series  of  observations, 
extending  uninterruptedly  from  July,  1819,  to 
September,  1820,  between  the  parallels  of  74° 
and  75°  N.,  the  winds  are  verj'  variable  aud 
moderate  at  all  seasons  of  the  year.   The  number 
of  days  on  which  they  blow  from  the  different 
quarters  are  as  follows: — N.,  111.^;  N.N.W., 
66 ;  N.W.,  32  ;  W.N.W.,      W.,  3'2 ;  W.S.W., 
1;  S.W.,  19;  S.S.W.,  2i;  S.S.E.,  8^;  S.E., 
12|;  E.S.E.,  8|;  E.,  19|;  E.N.E.,  —  ;  N.E., 
6;  N.N.E.,  10;  calm,  II;  variable,  21.  Cap- 
tain M'Clure  found  the  prevailing  winds  N.E. 
along  the  American  shore  of  the  polar  sea. 
Durhig  his  two  winters'  detention  at  Barring 
Island,  he  found  S.S.W.  winds  invariably  bring 
the  greatest  cold.    In  Hudson  Bay,  it  has  been 
remarked  that,  from  October  to  May,  the  pre- 
vailing winds  are  from  N.  to  N.W.,  and  from 
June  to  October,  S.E.  to  E.    Strong  uortheriy 
blasts  prevail  in  spring  and  autumn. 

II.  Theory  of  Hurricanes  or  Cycloxes. 

 The  winds  or  sudden  and  peculiar  storms 

usually  known  as  Tropical  Hurricanes,  Tt/phoons, 
&c.,  belong  to  a  peculiar  order— originating  m 
disturbing  causes  acting  suddenly,  but  taknig 
their  character  from  the  cosmical  conditions  of 
the  earth.  The  phenomena  of  these  are  fuUv 
described  in  the  extract  given  below.  We  shall 
premise  a  verv  few  remarks  as  to  their  constitu- 
tion and  its  phvsical  causes.  Two  views  have 
been  taken  of  the  character  of  these  storms.  1  ne 
idea  originallv  started  by  Brandes,  that  they  are 
centripetal,  or  that  they  consist  of  currents  di- 
rected towards  a  point  of  disturbance,  which  point 
has  also  a  motion  of  translation,  is  still  vigor- 
ouslv  maintained  in  the  United  States  by  1  ro- 
fessor  Espy,  and  has  been  ably  advocated  in  tnis 
country  at  several  meetings  of  the  British  Asso- 
ciation by  Mr.  Russell  of  KUwhiss.  But  a  (es^ 
or  crucial  question,  was  long  ago  applied  iu- 
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Dove  to  the  great  storm  of  December,  1821, 
and  the  reply  of  the  phenomena  did  not  at  all 
coincide  with  the  centiipetal  theory.  The  fact 
that  these  storms  are  rotatory,  or  moving  toMi-l- 
toinds,  owing  their  force,  not  to  their  motion  of 
translation,  but  to  their  wldrlwind  force,  seems 
established  beyond  doubt  hy  a  vast  accumula- 
tion of  observations  by  Eedfield,  Eeid,  Back, 
Dobson,  and  other  distinguished  physicists. — But 
besides,  the  rotator^'  theory  has  its  roots  deep  in 
physical  and  efficient  agencies.  Dove  long  ago 
showed  that  a  body  of  air  could  not  be  projected 
suddenly  northwards  or  soutliwards  from  an  equa- 
torial region  without  taking  on  a  rotatory  move- 
ment, as  well  as  a  motion  of  translation  corre- 
sponding in  all  features  with  the  progress  of  the 
Cyclones.  This  paper — too  little  known  in  this 
country — is  in  the  thii-d  volume  of  Taylor's 
Scientific  Memoirs.  And  the  subject  has  been 
recently  treated  on  the  ground  of  wider  views  by 
Dr.  John  Taylor  of  Glasgow.  At  the  meeting 
of  the  British  Association  in  Belfast,  he  clearly 
proved,  alike  by  a  priori  reasoning  and  ingenious 
and  applicable  experiment,  that  no  centripetal 
flow  of  aerial  currents  can  take  place,  towards  any 
point  on  the  earth's  surface  without  the  genera- 
tion of  a  rotatory  storm,  having  all  the  characters 
af  hurricanes  and  typhoons.  The  fact  of  the 
earth's  rotation  constrains  this  result;  nor — as 
Dr.  Taylor  infers  universally — can  there  exist  a 
purely  rectilinear  current  of  air,  except  oa  the 
equator  itself — Keferring  to  the  original  memoirs 
named,  we  subjoin  Mr.  Johnston's  account  of  the 
phenomena  of  the  cj'clones. 

Cyclones  or  Hurricanes. — The  cyclones  of  the 
Antilles,  and  those  of  the  Indian  Ocean  and  the 
China  Sea,  appear  to  be  subject  to  fixed  laws  for 
each  hemisphere,  whether  as  regards  their  move- 
ments of  translation,  or  their  gyratory  move- 
ments. These  laws  have  been  carefully  de- 
duced from  observation,  and  verified  by  the 
experience  of  vessels  exposed  to  storms  at  all 
seasons,  and  in  all  the  known  hurricane  regions. 
It  is  now  fully  ascertained,  that  in  both  hemi- 
spheres the  air  in  the  cj-clone  rot-ates  in  a  direc- 
tion contranj  to  that  of  the  sun.  Thus  in  the 
northern  hemisphere  the  course  of  the  sun  is  from 
the  E.  by  the  S.,  W.,  and  N. ;  and  the  move- 
ment of  the  air  in  a  hurricane  is  in  the  opposite 
direction,  or  from  the  N.  by  W.,  S.,  and  E.  In 
the  southern  hemisphere  the  course  of  the  sun 
being  from  E.  by  N.W.,  and  S.,  that  of  the 
cyclone  is  from  the  N.  by  E.S  ,  and  "W.  From 
the  observations  alluded  to,  the  following  general 
laws  have  been  derived : — 

1.  Cyclones  originate  in  the  space  between  the 
equator  and  the  tropics  near  the  equatorial  limit 
of  the  trade  wind,  during  winter,  when  the  winds 
are  irregular,  or  at  the  change  of  the  monsoons. 
There  is  no  instance  on  record  of  a  hurricane  hav- 
ing been  encountered  on  the  equator,  nor  of  any 
one  having  crossed  the  line,  altliough  two  have 
been  known  to  rage  at  the  same  time  on  the 
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same  meridian,  but  on  opposite  .sides  of  the 
equator,  and  10°  or  12°  apart.  In  both  hemi- 
spheres, during  the  early  part  of  their  course, 
storms  move  in  a  direction  from  E.  to  W.,  and, 
in  an  opposite  direction,  or  from  W.  to  E.,  dur- 
ing the  latter  portion.  In  all  cases  thej'  move 
obliquely  in  a  direction  from  the  equator  toward 
the  poles.  In  the  N.  hemisphere,  the  area  of 
their  commencement  is  comprised  between  lat. 
10°  and  20°  N.,  and  long.  50°  and  68°  W.,  on 
the  borders  of  the  narrow  zone  of  calms  and 
variable  winds,  which,  as  before  explained,  is 
always  north  of  the  equator,  and  corresponds 
with  the  zone  of  constant  precipitation  of  rain 
and  of  electrical  explosions. 

2.  They  obey  a  double  movement,  one  a 
gyratory  movement,  the  other  a  movement  of 
translation.  North  of  the  equator  this  gyratory 
movement  is  from  right  to  left  by  the  N.,  or  in 
a  direction  contrary  to  the  hands  of  a  watch.  On 
the  S.  of  the  equator,  the  movement  is  from  left 
to  right  by  N.,  or  in  a  direction  coincident  with 
the  hands  of  a  watch.  The  general  movement 
of  translation  is  in  the  form  of  a  parabolic  curve, 
of  which  the  summit  is  toward  the  W.,  and  the 
branches  extended  to  the  E.  The  summit  of 
this  curve  is  tangent  to  the  meridian,  about 
lat.  30°  in  the  N.  hemisphere,  and  about  26°  in 
the  S.  hemisphere,  coinciding  with  the  polar 
limits  of  the  trade  winds. 

3.  The  point  of  departure  of  the  storm  is  at 
the  E.  extremity  of  the  curve,  nearest  the  equator, 
in  corresponding  latitude  with  the  declination  of 
the  sun.  Thence  the  first  half  of  the  storm  is 
directed  westward,  towards  the  summit  of  the 
curve,  receding  from  the  equator.  It  then  fol- 
lows this  summit  in  a  tangent  to  the  meridian, 
and  turns  eastward,  the  second  half  of  its  course 
being  at  the  greatest  distance  from  the  equator. 
The  cyclones  or  typhoons  of  the  China  Sea  are 
occasionally  exceptional,  since  they  follow,  in 
certain  cases,  an  opposite  direction,  i.  e.,  they 
approach  the  equator  instead  of  receding  from  it. 

4.  The  rate  at  which  cj'clones  travel  varies 
greatly,  not  only  in  ditferent  parts  of  the  world, 
but  even  in  the  same  localities,  and  at  the  same 
season.  The  cause  of  this  difi'erence  of  motion  is 
not  yet  ascertained.  In  the  West  Indian  and 
North  American  cyclones,  the  highest  rate  is 
stated  by  Eedfield  to  be  43  miles  per  hour,  and 
the  lowest  9-5  miles  per  hour;  mean,  2G  miles. 
In  the  Soutli  Indian  Ocean  the  rate  is  estimated 
by  Mr.  Thom  at  from  10  miles  to  little  more 
than  2  miles  per  hour,  and  by  Colonel  Eeid  at 
from  7  to  12^  miles  per  day.  Mr.  Piddington's 
researches  show,  that,  about  the  "  storm  path," 
the  rate  of  progression  is  only  from  2^  to  1^ 
miles  per  hour.  In  the  Bay  of  Bengal  the  rate 
varies  from  2  to  39  miles  per  hour.  In  the 
Cliina  Sea  the  observed  rate  is  from  7  to  24 
miles  per  hour,  and  in  tiie  Pacific  Ocean  probably 
from  10  to  12  miles  per  hour.  Some  cyclones 
move  80  very  slowly  that  they  may  be 'almost 


"  considcvecl  stationary,  like  waterspouts  or  de- 
sert wlurlwinds." 

5.  Cyclones  vary  in  size  from  50  to  500,  or 
even  1,000  miles  in  diameter,  a  medium  size  being 
most  common.  They  occasionally  dilate  and 
contract  in  tlieir  progfcss,  and  while  contracting 
tliey  often  augment  fearfully  in  violence.  '  In 
the  West  Indies,  near  the  islands,  they  are  some- 
times as  small  as  100  or  150  miles  in  diameter ; 
but  on  reaching  the  Atlantic  they  dilate  to  600 
or  1,000  miles;  the  wind  blowing  a  severe  gale 
over  the  whole  area ;  of  true  hurricane  violence 
towards  the  centre;  and  the  entire  vortex  so 
whirling,  travels  over  thousands  of  miles  of 
track.  In  the  South  Indian  Ocean,  Mr.  Thorn 
thinks  that  hurricanes,  when  first  discovered,  are 
from  400  to  600  miles  in  diameter.  Mr.  Pid- 
dington  shows  that  they  may  be  as  small  as  150 
miles,  and  he  agrees  with  Colonel  Eeid  in  sup- 
posing them  to  extend  to  600  miles.  In  the 
Arabian  Sea,  cyclones  are  supposed  to  be  under 
240  miles  m  diameter.  In  the  Bay  of  Bengal 
the  usual  size  is  from  300  to  350  miles,  but  they 
sometimes  contract  to  150  miles,  at  the  same 
time  augmenting  in  force.  The  typhoons  of  the 
China  Sea  appear  to  vary  in  size  from  60  or  80 
miles  to  3  or  4  degrees  in  diameter. 

East  winds  are  characteristic  of  a  commencing 
hurricane;  while,  in  general,  west  winds  occur 
only  in  the  latter  portion  of  the  storm,  as  decreas- 
ing winds;  hence  in  the  northern  hemisphere 
the  most  dangerous  part  of  a  hurricane  is  the 
advancing  border  of  the  right-hand  semicircle, 
while  in  the  southern  hemisphere  it  is  the  advanc- 
ing quadrant  of  the  left-hand  semicircle.  _  The 
only  chance  of  safety  in  navigating  the  hurricane 
regions  lies  in  a  careful  observance  of  the  indica- 
tions of  the  barometer  and  simpiesometer.  There 
is  no  authentic  case  on  record  of  the  occurrence 
of  a  cyclone  in  or  near  the  tropics  without  some 
depression  of  the  barometer,  nor  does  any  case  of 
remarkable  depression  of  the  instrument  ever 
occur  without  being  followed  by  a  storm.  The 
amount  of  this  depression  sometimes  amounts  to 
2^  inches,  the  lowest  indication  being  at  the 
ce'ntre  of  the  storm.— The  effect  of  the  rotatory 
movement  of  a  cyclone  is  to  accumulate  the  air 
around  its  outer  margin,  with  a  pressure  increas- 
ing as  it  recedes  from  the  centre ;  consequently 
the  barometer  is  lower  at  the  middle  of  a  storm 
area,  and  highest  at  its  extremity.    The  baro 
meter  and  simpiesometer  oscillate  before  _  and 
during  a  hurricane,  rising  and  falling  rapidly, 
owing  to  the  inequality  of  the  pressure  of  the 
atmosphere  which  causes  the  storm,  so  that  great 
barometric  oscillations  almost  always  announce 
the  approach  of  a  tempest.  During  a  typhoon  in 
the  Ciiina  Sea  in  October,  1840,  in  which  the 
transport  Gohonduh,  with  300  troops  on  board, 
foundered,  the  simpiesometer  in  another  ship 
wliich  avoided  it,  was  observed  to  oscillate  for 
24  hours  before  the  cyclone.    The  barometer  is 


observed  to  rise  before  the  strength  of  the  cyclone 
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is  over,  and  this  beautiful  indication,  as  Mr. 
Piddington  observes,  is  often  to  the  seaman  a 
rainbow  of  hope  in  the  depth  of  his  distress. — • 
Two  classes  of  cyclones  have  been  observed,  one 
in  which  the  fall  of  the  barometer  is  more  or  less 
gradual,  and  another  in  which  the  fall  is  sudden 
and  excessive,  and  the  tempest  furious  in  propor- 
tion. This  rapid  fall  appears  to  begin  at  from 
3  to  6  hours  before  the  passage  of  the  centre. 
The  fall  of  the  barometer  varies  according  to  the 
intensity  of  the  storm ;  in  an  extreme  case  it 
fell  more  than  2^  inches,  or  from  29-9  to  26-30. 

Previous  to  the  commencement  of  a  cyclone, 
the  wind  is  observed  to  be  moderate  or  calm,  the 
air  close,  sultry,  and  oppressive.  The  wind  then 
rises  and  falls  with  a  moaning  sound,  and,  a  few- 
hours  after  its  commencement,  it  is  succeeded  by 
a  lull,  which  lasts  for  an  hour  or  more,  after 
which  the  wind  blows  from  the  same  quarter 
with  increased  violence.  The  hurricane  is  usually 
accompanied  by  an  excessive  accumulation  of 
aqueous  vapour,  developing  electrical  explosions 
in  incessant  flashes  of  lightning.  In  cyclones  of 
considerable  extent,  the  swell  of  the  ocean  is 
often  felt  as  a  double  sea,  one  preceding  the 
track  or  the  wave  of  progression,  which  is  driven 
before  the  storm,  and  the  other  the  cyclonal 
wave,  or  that  which  is  occasioned  by  the  wuid 
on  different  parts  of  the  storm  circle. 

Seasons  of  Cyclones.— Little  is  yet  known  o( 
the  exact  tunes  at  which  huri-icaues  occur  in 
different  parts  of  the  world,  except  in  the  West 
India  regions,  where  they  appear  to  be  influ- 
enced by  season,  both  as  to  their  frequency  and 
their  dfrection.  It  has  been  observed  that  they 
occur  most  frequently  near  the  close  of  the  rainy 
seasons,  when  the  sun  is  vertical  to  the  plane  of 
thefr  origin.  In  the  North  Atlantic  they  occur 
from  the  end  of  June  to  the  middle  of  December, 
but  the  greatest  number  occur  in  August.  In 
the  Indian  Ocean  the  chief  period  of  their  occur- 
rence is  from  November  to  June;  they  are  most 
frequent  in  January  and  Llarch,  and  least  so  in 
June  and  November.  The  cyclone  season  of  the 
Bay  of  Bengal  is  in  October  and  November,  ^^-hen 
the  N.E.  monsoon  blows  with  greatest  violence. 
Storms  also  occur  during  the  S.W.  monsoon  m 
May  and  June,  In  the  China  Sea  the  tyi^hoon 
cyclones  occur  nearly  at  the  same  season  ^as 
the  West  India  hurricanes,  from  June  to  No- 
vember; the  maximum  being  in  September, 
and  the  minimum  in  June.  In  the  Arabian 
Gulf,  cyclones  occur  during  both  monsoons. 

III.  Physical  Infuiences  or  tue  Diffek- 
BNT  Winds.— It  is  evident  that  the  various 
winds  must  be  distinguished  by  various  attri- 
butes as  to  heat,  humidity,  and  the  heights  of 
the  barometer  bv  which  they  are  accomiianied. 
The  south-west  wind  of  these  northern  latitudes, 
being  the  equatorial  current,  must  be  compara- 
tively warm  and  moist:  while  its  opposite,  the 
north-east,  descending  from  polar  regions,  must 
be  comparatively  cold  and  dry.    General  facts  ot  ^ 
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Mils  description  have  long  been  disoemod,  but  it 
■was  reserved  for  M.  Dove  to  establish  the  exis- 
!  tence  of  a  regular  wind-rose  or  -wind-card-cora- 
pass,  indicative  of  a  regular  dependence  alilie  of 
:tiie  temperature,   humidity,   and  atmospheric 
^pressure  of  a  place,  ou  the  direction  of  the  wind. 
'As  to  temperature,  for  instance,  that  element  is 
lowest  with  a  north-east  wind;  it  rises  gradu- 
uiUy  as  the  wind  veers  to  the  south-west,  where 
it  attains  its  maximum  again  approaching  to  its 
minimum  as  the  wind  passes  through  west  and 
north  to  north-west.     The  mean  tension  of 
'.vapour  follows  the  same  law,  while  the  course  of 
:the  changes  of  atmospheric  pressure  is  rigorously 
the  inverse.    The  importance  of  this  remarkable 
■discovery  can  scarcely  fail  to  be  estimated ; — it  is 
tthe  key  to  almost  all  the  irregular  variations  of 
tithe  meteorological  elements.    The  periodical  va- 
rriations  of  these  elements  depend  of  course  on  the 
aperiodic  (daily  and  annual)  changes  in  the  rela- 
itions  of  the  earth  and  sun.  Something  is  due  also 
•.  to  the  influence  of  atmospheric  waves  or  tides ; 
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and  at  length  these  apparently  irregular  changes 
are  thrown  back  on  the  phenomena  of  the  luinds. 
It  is  to  the  laws  of  these  then,  that  we  must 
look  for  the  ultimate  resolution  of  meteorological 
problems.  Their  succession  cannot  yet  be  pre- 
dicted ;  but  to  know  that  with  this  succession  all 
other  atmospheric  phenomena  are  bound  up,  is  of 
itself  to  have  achieved  a  most  important  ad- 
vance. The  student  is  again  referred  to  the 
excellent  manual  by  K.aemtz;  to  memoirs  by 
Quetelet  in  the  Annales  de  V  Ohservatoire  da 
Bruxelles ;  and  to  a  recent  tractate  by  Professor 
Manuel  Johnson  of  Oxford. 

Winter.  Those  three  months  of  the  yeai 
during  which  the  sun  is  lowest.  Astronomi- 
cally, midwinter  is,  when  the  sun  enters  the  tropic 
of  Capricorn.  But  owing  to  the  time  oceixpied 
by  the  globe  in  cooling  and  heating,  the  true 
meteorological  winter  in  these  northern  climates 
ought  to  include  the  mouths  December,  January, 
and  February. 


X 


Xiphias.  A  name  for  the  co?isieff«<io«  Dorado.  I    Year.    See  Bissextile,  Calendar,  Sea- 
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Zenith.  The  point  in  the  heavens,  vertically 
aabove  us,  that  is,  the  prolongation  of  the  earth's 
nradius  to  meet  the  celestial  sphere. 

Zcuitii  Sector.  An  astronomical  instru- 
ament  of  a  special  character,  but  of  great  im- 
pportance  in  former  times,  and  stiU  frequently 
eemplo}-ed.  It  is  a  telescope  fixed  as  nearly  as 
ppossibie  in  the  zenith,  with  micrometrical  motions 
aand  apparatus  fitted  to  determine  accurately  the 
'.deviation  of  certain  stars  from  the  zenith  point, 
lit  is  of  signal  use  in  detecting  certain  small  ap- 
[iparent  motions,  and  checking  or  verifying  certain 
[iphysico-astronomical  theories. 

Zodiac.  A  belt  whose  centre  is  the  ecliptic 
nor  path  of  the  sun  in  the  heavens.  The  twelve 
nmost  prominent  constellations  through  which 
tthe  sun  moves  during  the  year,  lie  along  this  belt, 
aand  are  called  the  signs  of  the  zodiac. 

Zofliaca!  Uiglit.  A  remarkable  appearance 
in  the  sky,  seen  regularly  after  sunset  or  before 
■simrise  in  tropical  countries,  although  only  at 
suitable  seasons  ui  zones  of  the  latitude  of  ours. 
It  is  a  triangle  of  light  corresponding  in  inten- 
sity to  the  brightness  of  the  i\Iilky  Way,  and 
stretching  up  through  the  sky  nearly  in  the 
direction  of  the  sun's  equator.    Being  thus  in- 
clined about  eight  or  nine  degrees  to  the  ecliptic, 
it  is  plainly  only  about  Marcli  and  April  at  one 
•season,  and  about  October  at  the  opposite  season, 
t  that  such  a  cone  can  stretch — after  sunset  or  be- 


fore sunrise — sufBciently  high  in  our  skies,  to 
be  free  from  the  usual  mists  of  the  horizon,  and 
from  the  effects  of  twilight  and  dawn.  Neverthe- 
less, even  with  us,  under  favourable  circum- 
stances, this  meteor  shines  so  brightly  that  the 
crescent  moon  in  the  heart  of  it  does  not  obscure 
its  lustre.  The  Zodiacal  Light — although  seen 
before — was  really  discovered,  i.  e.,  brought  out 
as  a  substantive  and  constant  fact  by  Dominic 
Cassini.  It  was  long  accounted  the  exterior  part 
of  the  solar  atmosphere ;  nor  did  the  vast  amount 
of  its  extension  suggest  to  observers,  as  it  did 
comparatively  recently  to  Laplace,  the  dyna- 
mic impossibility  of  such  a  solution.  No  solar 
atmosphere  could  reach  farther  from  our  lumi- 
nary than  one-third  way  towards  the  orbit  of 
Mercury :  the  centrifugal  force  (to  speak  popu- 
larly) of  its  extreme  particles,  would,  at  sucli 
a  distance,  dissipate  them  through  space.  But 
the  Zodiacal  Light  appears  to  stretch  beyond 
the  orbit  of  Venus.  A  solar  atmosphere,  too, 
would  lie  rigorously  in  the  plane  of  the  solar 
equator :  not  only  does  the  position  of  the  Zodiacal 
Light  not  conform  exactly  to  that  plane,  but  its 
j)lane  shifts,  and  there  is  every  reason  to  believe 
thnt  the  line  of  its  Nodk.s  is  variabh.  No  hypo- 
thesis, indeed,  appears  adeciuato  to  satisfy  known 
dynamic  conditions,  but  the  one  at  present  gene- 
rally received.  It  is  now  recognized,  that  tlio 
larger  planets  are  not  the  sole  constituents  of  our 
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solar  sj-stem,  but  that  in  all  probability,  masses 
of  planetoids  or  meteorites— too  small  to  be  dis- 
cerned individually — circulate  around  our  lumi- 
nary in  streams.  The  zone  of  the  asteroids  is  an 
indubitable  example.  We  might  refer  also,  as 
an  analogous  instance,  to  Saturn's  Rings.  The 
periodic  showers  of  meteors  receive,  in  such  an 
hypothesis,  their  best  explanation :  and  in  the 
conception  of  such  a  ring  of  meteors  nearer  the 
sun,  we  find  a  key  to  all  established  phenomena 
connected  with  the  Zodiacal  Light.  A  new  theory 
Las  recently  been  broached  in  America,  founded 
on  observation  of  this  singular  meteor  in  equa- 
torial regions— the  theory,  viz.,  that  instead  of 
encircling  the  sun,  the  ring  in  question  encircles 
the  earth.— We  fear  we  are  not  yet  in  a  condi- 
tion to  accept  of  any  theory,  as  part  and  parcel 
of  positive  astronomical  science.  Much  remains 
to  be  accomplished  by  observation.  Neither  the 
termination  nor  the  position  and  shiftings  of  the 
axis  of  the  Zodiacal  Light,  have  been  rigorously 
ascertained.  Its  ahsolute  brilliancy  is  also  un- 
known, nor  is  it  to  be  expected  that  an  accurate 
determination  of  it  can  be  obtained  unless  in 
tropic  comitries.  The  degree  of  that  brilUancy 
certainly  varies  from  the  edge  of  the  cone  towards 
its  axis,  and,  as  we  have  said,  the  axis  of  great- 
est brightness  appears  to  change.  So  soon  as 
such  facts  are  rightly  defined,  we  shall  expect  an 
induction  conclusive'as  to  the  geometrical  form  of 
the  mass  which  transmits  the  Light.   Still  fur- 


ther however,  we  desire  information  as  to  the 
coloms  of  the  cone,  and  several  other  attributes. 
— It  does  not  appear  that  the  inquiry  is  at  all 
beyond  our  reach;  but  the  existence  of  these 
and  similar  desideranda,  compels  one  to  re- 
cur to  the  desire,  that  instead  of  erecting  new 
Observatories  at  home,  our  British  Government 
would  take  advantage  of  the  securities  offered  by 
the  spread  of  its  Empire,  and  scatter  such  estab- 
lishments through  various  latitudes.  The  pheno- 
menon now  under  consideration,  has  a  signiticance 
far  wider  than  what  concerns  its  own  special  pe- 
culiarities. The  progress  of  Physical  Science  has 
connected  it  and  similar  portions  of  our  planetarj' 
arrangements  with  the  probable  cause  of  the  heat 
of  the  Sun,  and  with  questions  intimately  related 
to  the  history  and  destinies  of  our  system.  How 
strangely  the  Future  usually  opens! — We  fancy 
that  we  have  reached  some  bourne,  and  unite  in 
felicitations  that  one  Ime  of  inquiry,  at  least,  has 
termmated.  But  no  tei-m  is  attamable  by  a  finite 
creature  partaking  of  that  Eeason  which  is  an 
attribute  of  the  Infinite.  Some  apparently  trifling 
and  neglected  fact,  suddenly  assumes  significance; 
and  before  we  have  traced  its  indications  to  their 
conclusions,  large  and  unexpected  spheres  of  in- 
quiry and  speculation  have  been  opened;  tlie 
researches  that  seemed  ended  and  complete,  turn 
out  a  mere  step  ui  our  ascent  towards  some  loftier 
and  spacious  plain. 
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Atmospheres  of  Planctsa.   From  the  close 
analogy  of  the  other  planets  with  the  earth,  and 
from  the  fact,  almost  proved,  of  their  having  with 
it  a  common  origin,  there  is  strong  a  priori 
reason  to  believe  that  they,  too,  are  enclosed  in 
gaseous  envelopes,  or  atmospheres.   According  to 
the  hypothesis  of  our  planetary  system  having 
originated  from  the  condensation  of  a  previously 
diffused  mass  of  gaseous  matter  possessing  a  slow 
but  definite  motion  of  rotation  in  the  direction  of 
what  has  now  become  the  plane  of  the  planetary 
orbits  and  of  the  sun's  equator,  the  atmospheres 
would  merely  be  such  portions  of  each  of  the 
separate  masses  which  went  to  the  formation  of 
the  individual  planets,  as  remained  in  the  gaseous 
form  after  the  other  parts  had  assumed  the  liquid 
or  solid  state.   The  amount  of  such  gaseous  por- 
tions would  mainly  depend  on  the  temperature 
and  pressure  in  each  individual  case.    Thus  it  is 
easy  to  suppose  changes  of  tbe  temperature  of 
the  earth,  such  that  its  atmosphere  would  be 
increased,  by  the  whole  of  the  water  on  its  sur- 
face assuming  the  gaseous  form,  or,  on  the  other 
hand,  by  the  oxygen  and  nitrogen  of  the  air 
becoming  liquified,  or  even  solidified,  so  as  to 
render  the  earth  destitute  of  an  atmosphere.  It 
is^  thus  easy  to  conceive  portions  of  the  originally 
diffused  mass  of  the  solar  system  separated  in 
the  process  of  segregation,  which,  at  the  tem- 
■peratures  now  prevailing,  would  be  altogether 
solid,  as  appears  to  be  the  case  with  the  moon, 
or  altogether  gaseous  as  is  exemplified  by  comets, 
as  suggested  by  Dr.  Taylor  of  Glasgow,  in  a 
paper  on  the  theory  of  comets,  in  which  he  points 
out  the  origin  and  motion  of  these  bodies,  on  the 
supposition  that  they  are  atmospheres  without 
worlds,  in  the  same  way  as  the  moon  is  a  world 
without  an  atmosphere.   Independently,  however, 
of  conjecture,  actual  observation  shows  that 
several  of  the  other  planets  have  atmospheres. 
The  telescope  exhibits  such  changes  of  appear- 
ance on  the  surface  of  the  planets,  more  parti- 
cularly Mars,  Jupiter,  and  Saturn,  as  can  only 
be  easily  explained  on  the  supposition  of  an 
atmosphere  varying  in  its  transparency  at  dif- 
ferent times  and  places  similarly  to  our  own.  The 
astronomer,  Schroeter,  came  to  the  conclusion 
that  the  small  planet  Ceres  had  an  atmosphere 
668  miles  in  height,  while  that  of  Pallas  was  not 
less  than  465  miles.  The  existence  of  an  atmo- 
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sphere  surrounding  a  world  seems  to  us  to  be 
essential  to  the  existence  of  life  on  its  surface ; 
and  to  those  who  believe  it  probable  that  such  a 
world  as  Venus,  with  the  same  extent  of  surface, 
and  the  same  period  of  rotation  as  the  earth,  would 
not  be  left  without  a  living  inhabitant,  while  the 
earth,  its  immediate  neighbour,  has  been  in  everv 
part,  and  in  so  many  of  its  geologic  ages,  crowdell 
with  animated  forms,  it  is  easy,  even  in  the  ab- 
sence of  positive  proof,  to  assume  the  existence  of 
a  covering  of  atmosphere  on  the  surface  of  such  a 
world ;  but  even  then,  there  still  remains  a  diffi- 
culty in  the  way  of  peopling  the  different  planets. 
This  difficulty  consists  in  the  great  diversity  of 
distances  from  the  sun,  and,  consequently,  in" the 
amounts  of  heat  which  they  receive  from  this 
source  of  radiation.    The  great  world  NeiJtune, 
for  instance,  being  at  thirty  times  the  earth's 
distance  from  the  sun,  would  only  receive  ^mr^h 
of  the  amount  of  heat  by  radiation,  on  a  surface 
of  the  same  extent ;  while  the  planets  Venus  and 
Mercury,  being  nearer  than  the  earth,  would  be 
heated  to  a  much  greater  degree.    The  tempera- 
ture of  planetary  space,  the  obliquity  of  the  axes 
of  the  different  planets,  by  giving  rise  to  varia- 
tions of  seasons,  along  with  diversity  of  conduct- 
ing power  for  heat,  as  also  varieties  in  the  thermal 
capacity  of  the  materials  forming  their  outer 
crusts,  might,  to  a  considerable  extent,  modifv  the 
climates  directly  due  to  the  solar  power;  but  there 
is  reason  to  believe,  that  the  atmosphere  surround- 
ing each  globe  would,  more  than  any  other 
cause,  contribute  to  regulate  the  temperature  of 
its  surface.    The  reader  is  refeiTed  to  Radiant 
Heat,  for  a  description  of  the  means  by  which 
it  has  been  discovered  that  media  differ  greatly  . 
in  their  power  of  transmitting  rays  of  heat  froin 
sources  of  high  or  low  temperature.  Trans- 
parency for  heat  is  called  diatliermancy;  and  it 
is  found  that  atmospheric  air  is  nearly  completely 
diathermanous  to  heat  from  a  source  so  liigh  in 
temperature  as  the  sun,  so  that  the  sunbeams 
traverse  the  atmosphere  of  the  earth  nearly  in 
undiminished  intensity;  whereas  the  heat  which 
mnst  emanate  from  the  surface  of  the  moon 
along  with  the  light,  is  almost  completely  inter- 
cepted.   Mr.  Hopkins  of  Cambridge  has  recently 
shown  the  bearings  of  that  power  of  air,  and 
probably  other  gaseous  mixtures,  in  absorbmg 
heat  from  low  temperature  sources,  on  the  question 
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of  the  climate  of  the  difTerent  planets.  His 
reasoning  is  as  follows : — Tlie  solar  heat  arrives 
at  tiie  lower  strata  of  the  earth's  atmosphere 
nearly  in  undiminished  intensity,  and  is  spent 
heating  the  surface  of  the  earth  itself;  but  as 
this  heat  then  becomes  that  of  a  low  temperature 
source  it  cannot  again  be  radiated  off  into  space, 
because  the  air  is  athermanous  to  this  species  of 
heat  ray.    The  only  means  by  which  this  heat 
can  again  escape  into  space,  is  by  the  lower 
strata  of  air  becoming  heated  by  contact  with  the 
earth,  and  rising  by  expansion,  or  by  partial 
radiations  through  small  distances.   In  this  way 
the  heat  must  find  its  way  again  to  the  upper 
limits  of  the  atmosphere,  and  be  thence  radiated 
into  space;  but  for  this  convection  upwards  of 
heat  by  currents,  &c.,  it  is  evident  that  the  lower 
strata  of  the  air  must  be  hotter  than  those  above 
them,  and  this  to  a  greater  degree  in  proportion  as 
more  heat  is  to  be  carried  upwards ;  and  also,  that 
throughout  the  whole  height  of  the  atmosphere, 
this  decreasing  temperature  must  prevail;  so  that, 
if  tlie  atmosphere  be  high  enough,  any  degree  of 
heat  might  be  maintained  in  the  lower  strata  in 
contact  with  the  surface.    The  temperature  of 
the  upper  limit  of  the  atmosphere  must  be  deter- 
mined by  this  condition,  that  the  quantity  of  heat 
which  is  radiated  from  it  into  space,  must  equal 
that  which  reaches  it  from  the  surface  of  the 
earth.    This  temperature  is,  therefore,  indepen- 
dent of  the  height  of  the  atmosphere;  whereas 
the  temperature  of  the  surface  is  greater,  the 


greater  the  height  of  the  atmosphere,  to  enable 
the  heat  to  be  transmitted  upwards.    The  same 
effect,  viz.,  an  imprisonment,  so  to  speak,  of  the 
heat  rays  received  from  all  the  other  radiating 
bodies  in  space  besides  the  sun,  would  be  caused 
by  the  atmosphere;  so  that  the  surface  of  a  planet, 
though  receiving  none  of  the  solar  radiation, 
might  maintain  on  its  surface  a  temperature  higher 
than  the  general  temperature  of  space,  and  higher 
in  any  degree,  the  depth  of  atmosphere  being 
correspondingly  increased.    By  the  general  tem- 
perature of  space  is  meant  the  temperatune  which 
would  be  indicated  by  a  thermometer,  composed 
of  some  heat-absorbing  material,  held  in  space 
remote  from  the  sun  and  every  planet,  and  shel- 
tered from  direct  solar  rays,  but  exposed  to  the 
radiation  from  all  other  sources  of  heat  in  the 
universe.    This  might  be  greater  than  the  tem- 
perature indicated  by  a  thermometer  held  in  the 
upper  strata  of  atmosphere,  as  the  atmospheric 
particles  radiate  heat,  but  do  not  absorb  it  from 
external  space;  so  they  would  be  colder  than 
the  thermometer,  and  would  cause  depression  of 
temperature.   A  thermometer  carried  deeper  into 
tlie  atmosphere,  by  reason  of  meeting  with  greater 
density  of  atmospheric  particles,  would  be  more 
cooled,  or  would  sink  further,  and  so  on,  as  it  is 
made  to  descend  deeper  in  the  atmosphere,  till,  on 
reaching  a  certain  point,  the  increasing  tempera- 
ture of  the  air,  by  reason  of  nearness  to  the  sur- 
face of  the  planet,  would  compensate  for  this 
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cause  of  chilling ;  and  beyond  this  in  descent  the 
thermometer  would  begin  to  rise ;  so  that  there  is 
a  level  in  the  atmosphere  where  a  minimum  of 
temperature  would  be  experienced.    An  atmo- 
sphere of  less  depth  than  to  give  this  minimum, 
would  cause  a  diminution  of  temperature  to  the 
surface  of  the  planet.    This  latter  part  of  the 
argument  used  by  Mr.  Hopkins  seems  to  be  the 
weakest,  as  the  question  whether  or  not  the 
thermometer  would  attain  its  minimum  in  the 
upper  strata  of  air  (admittedly  the  coldest),  or 
would  require  to  be  sunk  to  greater  depth,  where 
it  would  meet  with  less  cold,  though  more  dense 
air,  would  depend  merely  on  the  size  and  nature 
of  the  thermometer;  so' that  it  does  not  seem  so 
well  established  that  the  diathermanous  qualities 
of  the  atmosphere  of  a  planet  might  lower  the 
temperature  of  its  surface  below  that  of  surround- 
ing space.    Mr.  Hopkins,  by  deducting  the 
effects  of  the  solar  radiation,  concludes  that  the 
earth's  surface  would  have  a  temperature  of  about 
39  c,  if  exposed  only  to  the  radiation  of  space, 
and  that  no  planet,  with  a  similar  atmosphere, 
can  suffer  a  greater  degree  of  cold  than  this. 
And  he  concludes  that,  if  the  height  of  the  atmo- 
sphere  were  increased  by  about  40,000  feet,  the 
temperature  of  the  earth,  even  in  the  total 
absence  of  the  sun,  could  not  smk  below  what  it 
is  at  present.    He  further  computes  that  the 
planet  Mars,  with  an  atmosphere  about  15,000 
feet  higher  than  that  of  the  earth,  would  have  a 
temperature  of  about  60°  at  his  equator— that 
is,  have  a  climate  similar  in  temperature  to  our 
own ;  and  also,  that  the  planet  Venus,  with  an 
atmosphere  similar  to  that  of  the  earth,  would 
have  a  maximum  temperature  (at  the  poles,  by 
reason  of  the  great  obliquity  of  the  axis,)  of  95  ; 
but  if  the  atmosphere  were  reduced  in  depth  by 
about  25,000  feet,  the  maximum  temperature 
would  be  reduced  to  nearly  that  of  the  equator 
of  the  earth.    These  estimates  of  the  effects  in 
elevating  temperature,  produced  by  the  atmo- 
sphere, are  based  upon  the  observations  made 
during  the  balloon  ascents  from  the  Observatory 
at  Kew.    In  confirmation  of  this  view,  it  has 
been  observed  that  places  sunk  below  the  general 
level  of  a  country  have  a  higher  mean  tempera- 
ture, as  has  been  observed  in  regard  of  the  plains 
of  the  Dead  and  Caspian  Seas,  where  a  greater 
depth  of  atmosphere  must  be  the  cause  of  the 
greater  heat  of  climate.    A  similar  imprison- 
ment of  heat  by  the  diathermanous  qualities  ot 
the  covering  medium  can  be  noticed  in  the  case 
of  hot-beds  and  greenhouses,  &c.,  where  the  heat 
of  the  solar  rays  readily  penetrates  the  glass, 
and  heats  the  interior;  but,  being  then  con- 
verted into  heat  from  comparatively  low  tem- 
perature sources,  it  cannot  again  escape  througu 
the  glass  with  the  same  facility  by  radiation, 
but  can  only  escape  slowly  by  conduction  or  py 
currents,  so  that  the  temperature  in  the  interior 
of  such  an  enclosure  rises  much  higher  than  tuai 
without 
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Iniaginnvy  Expressions.  Indicated  even 
roots  of  negative  quantities,  such  as 

They  are  called  imaginary,  because  it  is  impos- 
sible to  conceive  of  quantities  which  they  repre- 
sent, according  to  the  ordinary  methods  of  inter- 
preting algebraic  symbols.  We  know  that  any 
even  power  of  a  quantity,  wliether  positive  or 
negative,  is  always  positive,  and  it  is  impossible 
to  conceive  of  such  a  quantity  that  being  taken 
an  even  number  of  times  as  a  factor,  -will  give  a 
negative  result. —  Imaginary  expressions  arise 
from  correct  algebraic  combinations,  and  although 
in  an  arithmetical  point  of  view  then-  exact  value 
cannot  be  determined,  they  are,  nevertheless,  sub- 
ject to  aU  the  rules  of  analysis,  as  much  as  other 
expressions.  From  the  greater  generality  of 
algebraic  operations,  many  expressions  result 
which  can  with  difficulty  be  brought  within  the 
range  of  ordinary  interpretation.  These  expres- 
sions are,  however,  coiTect  expressions  of  analyti- 
cal facts,  and  it  only  requires  a  more  enlarged 
Anew  to  render  their  meaning  peifectly  compre- 
hensible. It  will  probably  be  found,  on  a  pro- 
per analysis,  that  the  subject  of  imaginary  ex- 
pressions presents  no  more  difficulties  than  that 
of  negative  quantities,  which  is  now  so  thoroughly 
settled  as  to  leave  nothing  to  be  desired. — We 
shall  first  explain  the  fomi  to  which  every  ima- 
ginarj-  quantity  may  be  reduced,  and  then  give 
an  account  of  the  signification  to  be  attached  to 
imaginary  expressions  generally.  Every  imagi- 
nary quantity  can  be  reduced  to  the  form 


in  which  a  and  b  are  real,  and  —  1  imagi- 
nary.— To  show  this,  let  us  assume  the  well- 
known  formula,  for  the  simplification  of  radicals, 


in  which  c  =  J  a'  — 
(1).  b  =  —  b-,  which 


and  reducing,  it  becomes 
Ja  +  b  =\J ^ 


b.  Making,  in  formula 
gives,  c  = 


0?  +  W 


+  62 


+ 


V" 


(2). 


In  formula  (2),  the  first  radical  in  the  second 
member  is  positive  and  real,  and  may  be  denoted 
by  c;  the  quantity  under  the  second  radical 
sign,  in  the  second  member,  is  negative,  since 
a  ^  J  aP'  +  62  J  denoting  It  by  —  d'^ ,  and 
reducing,  we  have 

Ja-\-b  vTTT  =  c  +  VITi  ...  (3) ; 
which  shows  that  the  square  root  of  an  expres- 
sion of  the  form,  a  +  6  J  —  1,  is  of  the  same 
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form  as  the  expression  itself.  ITence,  the  fourth 
root  of  the  expression,  a  +  6  J  —  1,  is  of  the 
same  form,  and  so  on  for  the  (5th,  8th,  or  any 
other  even  root.  This  shows  that  every  ima- 
ginary expression  may  ultimately  be  reduced  to 
the  form,  a  +  6  J  —  1,  which  was  to  be  proved. 
Hence,  in  the  treatment  of  imaginary  expressions, 
we  need  only  confine  our  attention  to  imaginary 
expressions  of  the  second  degi'ee,  and  in  these  we 
shall  only  consider  the  parts  involving  J  —  1, 
as  a  factor.  Every  such  quantity  can  be  placed 
under  the  form  b  J  —  1)  by  rule  for  re- 
moving a  factor  from  under  the  radical  sign.  For 
multiplying  imaginary  expressions  together,  we 
make  use  of  the  following  formulas : 

=  v/^.  .  .(1); 

(^_l)4n-F2  ^  _l  .(2); 

(  V=T)^'^+3  ^  -  J -I.  .(3); 

(  1  (4); 

in  which  n  may  be  0,  or  any  positive  whole 
number. — To  multiply  any  number  of  imaginary 
expressions  together,  reduce  them  to  the  form 
b  ij  —  1 ;  multiply  the  co-efficients  of  ^  —  1 
together  for  one  factor  of  the  product :  to  find  the 
other  factor,  look  in  the  above  formulas  for  that 
one  in  which  the  exponent  of  sj  —  1  equals  the 
number  of  factors  to  be  multiplied  together ;  the 
second  member  of  it  wiU  be  the  second  factor  of 
the  required  product. — Thus,  let  it  be  required  to 
find  the  IT""  power  of  —  a^.  Eeducing  to 
the  required  form,  we  have  a  J  —  1 ;  ,the  17"' 
power  of  the  co-efficient  is  a" ;  making  n  =  4, 
we  see  that  formula  1  is  applicable ;  hence,  the 
second  factor  is  J  —  .1,  and  the  required  power 

is  a"  X  sJ  —  1.  This  rule  will  cover  all  opera- 
tions, which  differ  from  the  corresponding  opera- 
tions for  real  quantities. — With  respect  to  the 
logical  value  of  the  symbol  J  —  1,  it  may  be 
remarked  that  there  are  two  separate  views  that 
may  be  taken  of  the  expression.  In  the  first 
place,  we  may  regard  it  as  a  symbol  of  operation^ 
in  which  case  it  indicates  an  operation  absolutely 
impossible ;  for  no  quantity  whatever,  taken  twice 
as  a  factor,  can  produce  —  1.  In  this  sense,  the 
quantity  indicated  by  the  expression,  is  truly 
imaginary  or  impossible.  The  expression  may, 
however,  be  regarded  as  a  symbol  of  interpreta- 
tion; that  is,  it  may  be  an  expression  resulting 
from  the  correct  application  of  the  principles  of 
analysis.  In  this  point  of  view,  it  admits  of 
complete  and  satisfactory  interpretation.  The 
method  of  interpretation,  which  we  are  about 
to  give,  is  due  to  M.  Monrey,  a  distuiguislied 
modern  analyst.  Uefore  proceeding  to  give  an 
account  of  his  method  of  interpretation,  some 
preliminary  explanations  are  necessary.  We  have 
seen  that  every  imaginary  expression  can  be  re- 
duced to  the  form  a  +  b  J  —  1.   The  expres- 
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sinn,  ij  +  ^'"i  is  called  the  modulus  of  the 
expression.  It  is  a  property  of  these  expressions, 
that,  if  two  of  them  be  multiplied  together,  the 
resulting  product  will  be  of  the  same  form  as 
each  factor,  and  its  modulus  will  be  equal  to  the 
product  of  the  moduli  of  the  two  factors.  Thus, 

(2+3  ^=11)  (3  —  7  ^/3rr)  =  27-5  J^. 

The  modulus  of  the  first  factor  is  Jl'S,  that  of 
the  second  is  JbS.  and  that  of  the  product 
J7b4:=  Jl3x.  JbH.  In  general,  if  any  num- 
ber of  factors  of  the  given  form  be  taken,  their 
product  will  be  of  the  same  form,  and  its  modulus 
will  be  equal  to  the  product  of  the  moduli  of  all 
the  factors. — We  may  now  proceed  to  an  exami- 
nation of  M.  Monrey's  explanation  of  imaginary 
results. — If  we  take  the  expression  a  +  b  J  —  I, 
and  denote  its  modulus  by  M,  we  shall  have,  for 
the  expression 

b 


M 


By  inspection,  we  see  that  if  ^_  is  taken  for  the 
•  cosine  of  an  angle  ^,  -  will  represent  the  sine  of 

M 

the  same  angle,  and  by  substitution,  the  expres- 
sion becomes 

A  (cos  ^  +  sin  ip  J  —  1). 
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Fig.  1. 

Let  A  be  the  origin  of  a  system  of  polar  co-or- 
dinates, A  B  the  initial  line,  and  <p  the  angle  made 
with  it  by  any  straight  line  A  d.  If  now  the 
length  of  the  line  a  i>  be  taken  equal  to  si,  then 
will  the  line  a  d  fulfil  two  conditions,  viz. :  it  is 
of  a  given  length  jr,  and  makes  with  the  initial 
line  an  angle  (p,  which  conditions  make  up  the 
relation  of  the  line  A  d  to  the  system. 

Tlie  angle  <p  is  called  the  versor,  and  the  given 
expression  represents  the  line  a  d,  both  in  length 
and  position ;  or,  in  other  words,  expresses  the 
relation  of  the  lino  a  D  to  the  system  of  polar  co- 
ordinates. 

If  (p  =  0,  the  line  takes  the  position  a  e,  and 
the  given  expression  reduces  to  ji,  and  we  have 
also  Jt  =  a.  This  corresponds  to  our  conven- 
tional system  of  representing  a  positive  quantity 
by  a  straight  line  of  definite  length,  estimated 
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from  a  fixed  point  towards  the  right.  If  (f  = 
180°,  the  expression  becomes  —  m,  and  the  line 
takes  the  position  a  f,  which  also  corresponds  ti> 
the  same  system,  of  <p  =  90°,  the  expression  be- 
comes My/  —  1^  and  the  line  takes  the  position 
AG.  If  (p  =.  270°,  the  expression  becomes  —  ji 
sj  —  1,  and  the  line  takes  the  position  a  h.  In 
any  given  expression,  the  value  of  ip  maj'  be 
from  the  equation 

cos  (b   —  ; —  

and  this,  together  with  the  value  of 
M  =  sj  +  6',  will  ser\'e  to  determine  the  re- 
lation of  the  radius  vector  to  the  system. — This 
method  of  representation  conforms  perfectly  to 
every  case  of  an  expression  of  the  form  a  +  h 
sj  —  1 ;  it  now  remains  to  explain  the  results 
obtained  by  operating  upon  it  by  the  rules  of 
algebra.   Let  us  consider  the  result  of  multiplying 

a  +  b  J  —  1  hy  c  +  d  J  —  1- 
Performing  the  multiplication,  we  have  for  the 
product, 

(cic  —  Jcf)  +  (ab  +  bd)  sj  —  1- 
Now,  the  angle  which  the  line,  whose  relation 
is  given  by  this  product,  makes  with  the  initial 
line,  an  angle  ?/,  whose  cosine  equals 
ac  —  bd 


that  is. 


J  a"-  +V-  J  c"-  +  d' 


cos  y 


ac —  bd 


J  (a^  +  6^)  (c2  +  d"-) 
If  we  denote  the  angles  made  by  the  first  and 
second  lines  with  the  haitial  line,  by  a,  and  /S, 
we  shall  have, 

(I  .  c 

cosa= — ;  ,  cos/j  ---  -  -„• 

sJ  a-  +  d- 


Sma  =  j=rT 

we  have  also. 


J  d'  +  b"- 
b 


sin  /a  =  ■ 


d 


c-  +  rf-i 


cos  (a  +  iS)  =  cos  a  COS  /3  —  sm  a  sin  (i 

ac  —  bd 

"  'J^+b''  J  c-  +  d^' 

and  consequently 

cos  y  =  cos  (a  +  /3). 
Hence,  the  product  represents  the  relation  of  the 
line  A  E  to  the  system,  whose  lengtli  a  e  is  equal 
to  the  length  a  c,  taken  as  many  times  as  there 
are  units  of  length  in  a  d,  and  making  with  tiie 
initial  line  an  angle  equal  to  the  sum  of  the  angles 
which  the  lines  a  c  and  A  d  malte  with  it. 

In  general,  the  product  of  any  number  of  fac- 
tors of  the  given  form,  represents  the  relation  of 
a  line  to  the  system,  whicli  is  equal  in  length  to 
the  length  of  any  one  of  the  lines  taken  as  many 
times  as  there  are  luiits  in  the  continued  product 
of  the  number  of  units  in  eacli  of  the  other  linos 
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taken  separately,  and  which  makes,  with  the  ini- 
tial line,  an  angle  equal  to  the  sum  of  the  angles 


B 

Fig.  2. 

:  made  by  each  line  with  the  in'tial  line.  When 
:this  angle  is  any  multiple  of  180",  the  product 
';  becomes  real.    The  entire  subject  of  imaginary 
quantities  may  be  clearly  explained,  and  as  we 
■see,  without  any  impossible  circumstances  arising. 
We_see,  then,  that  to  interpret  the  expression 
sf  —  a-,  we  have  simply  to  regard  it  as  the 
-representation  of  a  straight  line  perpendicular  to 
1  the  initial  line  at  the  origin,  and  equal  in  length 
I  to  a.    "Whilst  the  expression  —  ^/  —  repre- 
sents a  Ime  equal  and  directly  opposed  to  that 
rrepresented  by   J  —  a\    Thus  interpreted, 
eevery  idea  of  impossibility  disappears  from  the 
iimind,  and  the  subject  becomes  as  plain  as  the 
iiinteqjretation  of  negative  results. 

Pfaase.  In  any  doctrine  connected  with  the 
wibrations  of  particles,  the  term  phase  is  used  to 
Idesignate  the  position  of  a  particle  in  reference 
t'to  the  entire  range  of  its  vibration.  When  the 
•particle  has  returned  to  its  position  of  rest,  or  to 
any  special  position  whatsoever,  it  is  said  to  have 
vibrated  through  360° :  when  it  assumes  the  op- 
I'posite  position,  it  is  said  to  have  vibrated  through 
1180°  ;  and  so  of  intermediate  places. — It  has  been 
often  stated  in  the  text,  that  the  more  delicate 
■and  until  recently  the  least  understood  classes  of 
fight-phenomena,  are  owing  to  changes  impressed 
on  the  phases  of  rays  or  waves,  by  reflexion,  &c. 

PliO!»phoresceiicc.  A  singular  property  be- 
longing to  all  solid  substances  except  the  metals, 
lalthough  possessed  by  different  substances  in 
very  difTerent  degrees.    It  consists  in  this, — 
T  taking  as  an  instance  the  diamond, — suppose  it 
pplaced  for  a  short  time  under  influence  of  the 
^solar  ray,  or  of  any  other  light,  and  then  removed 
!  to  a  dark  room,  it  will  emit  a  siroivj  light  of  its 
own  for  a  brief  time, — i.  e.,  it  is  p/wsphorescent. 

■The  cause  of  this  remarkable  quality  which 

;  has  long  been  known  alike  in  fact  and  fable — 
was,  until  lately,  only  guessed  at;  and  that  we 
3an  now  speak  of  it  with  some  degree  of  certainty 
is  undoubtedly  owing  to  those  persevering  and 
well  planned  researches  of  Dr.  Draper  of  New 
^York.    Setting  out  on  the  principle  that  some 
phosphorescent  object  should  be  subjected  to  exa- 
;mination,  the  nature  of  which  precluded  the  pos- 
■aibility  of  our  attributuig  the  phenomenon  to  anv 
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collateral  or  non-essential  propert)'  or  merely  con- 
comitant change,  Dr.  Draper  adopted  as  the  most 
suitable  body — the  well  known Jliio?'  spar;  testing 
all  special  positive  conclusions  indicated  through 
scrutiny  of  its  phenomena,  by  the  corresponding 
habitudes  of  other  substances  whicli  are  phosphor- 
escent.   Dr.  Draper's  general  results  are  as  fol- 
lows : — (1.)  A  phosphorescent  body  when  at  its 
maximum  of  glow,  has  not  changed  its  volume 
perceptibly.    (2.)  It  is  most  probable,  that,  dur- 
ing phosphorescence,  there  is,  in  certain  cases  at 
least,  a  molecular  modification  of  the  shining  sur- 
face.   For  instance,  vapours  condense  on  a  sur- 
face during  its  phosphorescence,  in  a  peculiar  way. 
(3.)  When  a  phosphorescent  body  glows,  there 
is,  along  with  the  light,  a  very  feeble  emission 
of  heat.  The  quantity  is  indeed  extremely  small, 
not  measurable  by  the  ordinary  methods ;  but  Dr. 
Draper,  by  very  ingenious  processes  satisfied  him- 
self of  its  existence.  (4.)  Phosphorescence  is  not 
accompanied  by  any  development  of  electricity. 
(5.)  The  intrinsic  brightness  of  a  phosphorus  is 
very  smaU ;  a  fine  specimen  of  chlorophane  at  its 
maximum  of  brightness,  only  jaelding  a  light 
3,000  times  less  intense  than  the  flame  of  a  very 
small  oil-lamp.  No  wonder  then,  that  the  evolved 
heat  is  barely  measurable,  or  that  no  expansion 
of  volume  is  perceptible.    (6.)  It  has  long  been 
known  that  when  a  phosphorescent  body  is  heated, 
its  phosphorescent  power  is  thereby  affected. 
Draper's  law  is  this,  "  The  quantity  of  light  a 
substance  can  retain  is  inversely  as  its  tempera- 
ture."   This  principle  explains  many  curious 
facts.    For  instance  the  Bolognian  Stone  shines 
brighter  when  exposed  to  the  sky  than  to  the 
sun, — i.  e.,  in  the  latter  case  the  temperature  of 
the  stone  rises,  and  the  quantity  of  the  light  it 
fixes  is  less.    Under  violet  and  other  glasses, 
stained  with  such  colours  as  impede  the  warming 
effect,  phosphorescence  is  even  more  vivid  than 
when  no  glass  has  intervened.  (7.)  The  quantitj' 
of  light  that  a  body  can  retain  is  directly  as  the 
intensity  and  quantity  of  light  to  which  it  has 
been  exposed.    The  quantity  of  light  emitted 
then,  by  the  same  body,  under  different  circum- 
stances, is  "  directly  as  the  lighting  power  of  the 
body  that  has  acted  on  it,  and  inversely  as  its 
heating  power."  Dr.  Draper  concludes  the  paper 
in  -ivhich  these  propositions  are  established,  wiih 
the  following  general  views.    We  give  them  iu 
extenso,  because  they  have  an  interest  quite  be- 
yond their  application  to  the  special  subject  of 
phosphorescence  :— "  Those  various  facts  indi- 
cate, that  when  a  ray  of  light  falls  on  a  surface, 
it  throws  tlie  particles  thereof  mto  a  state  of 
vibration.    An  examination  of  the  action  of  the 
differently  coloured  rays  dispersed  by  a  prism, 
shows  that,  in  general,  the  greater  the  frequency 
of  vibration  of  tlie  impinging  ray,  tlie  more  bril- 
liant is  the  phosphorescence.  But  in  such  a  pris- 
matic examination,  we  have  constantly  to  bear 
in  mind  tlie  disturbing  agencies  which  are  pre- 
sent, and  especially  the  antagonizing  effects  of 
895 


J. 


PIIO 


heat ;  tliat  this  determines  the  amount  of  light 
that  a  phosphorus  can  receive,  and  also  the  rate 
of  its  subsequent  extrication.    In  a  letter  which 
I  published  in  the  Philosophical  Mar/azine,  Feb- 
ruary, 1847,  it  was  sliown  how  the  photographic 
action  of  light  betrays  the  general  principle  of 
an  interference  of  vibratory  movements,  and  the 
production  of  antagonizing  results  in  different 
pares  of  the  solar  spectrum.    An  argument  is 
then  brought  forward  to  the  eiFect,  that  as  the 
violet  end  produces  phosphorescence,  and  the 
red  extinguishes  it,  this  is  a  proof  of  opposition  of 
action.    In  explaining  this  fact,  M.  E.  Becquerel 
supposes  the  darkening  power  of  the  red  rays 
to  be  due  to  the  more  rapid  disengagement  of  the 
phosphorescence,  by  reason  of  the  heat  produced 
by  these  rays,  and  that  the  apparent  antagoniza- 
tion  is  not  attributable  to  the  superposition  of 
vibratory  movements  of  light — rays  of  different 
frequency,  but  to  the  relations  of  caloric  and 
light.    The  force  of  this  explanation,  however, 
disappears  when  it  is  understood  that  light  and 
heat,  the  chemical  and  phosphorogenic  rays  are, 
according  to  the  principles  of  this  able  experi- 
menter, all  manifestations  of  the  same  agent.  It 
avails  us  nothing  to  say,  that  a  want  of  phosphor- 
escence at  the  less  refrangible  end  of  the  spec- 
trum is  due  to  the  heat-giving  powers  of  those 
rays,  when  that  very  heat-giving  power  is, 
under  the  hypothesis,  dependent  on  their  com- 
parative rapidity  of  vibration. — In  the  further 
explanation  of  phosphorescence,  I  abandon,  there- 
fore, expressions  derived  from  the  material  theory 
of  light,  and  present  again  the  views  alluded  to 
in  the  letter  in  question,  to  the  effect,  that  when- 
ever a  radiation  falls  upon  a  surface  of  any  kind, 
it  throws  the  particles  thereof  into  a  state  of 
vibration;  just  as  in  the  experiment  of  Fra- 
castor,  in  which  a  stretched  string  is  made  to 
vibrate  in  sympathy  with  a  distant  sound,  and 
yield  harmonies  and  form  notes.    Such  a  view 
includes  at  once  the  facts  of  the  radiation  of 
heat,  and  the  theory  of  calorific  exchanges;  it 
also  offers  an  explanation  of  the  connection  of  the 
atomic  weights  of  bodies  and  their  specific  heats. 
It  suggests,  that  all  cases  of  the  decomposition 
of  compound  molecules,  under  the  influence  of  a 
ray,  is  owing  to  a  want  of  consentaneousness  in 
the  vibrations  of  the  impinging  ray,  and  those  of 
the  molecular  group,  which,  unable  to  maintam 
itself,  is  broken  down,  under  the  periodic  im- 
pulses it  is  receiving,  into  other  groups  which 
can  vibrate  along  with  the  ray.— If  a  hot  body 
a,  be  placed  in  presence  of  a  cold  body  6,  the 
theory  of  the  exchanges  of  heat  teaches  that  tiie 
temperature  of  the  latter  will  steadily  rise  until 
equilibrium  take  place.  The  molecules  of  a  com- 
municate their  vibratory  movement  to  tlic  ether, 
and  this  in  its  turn  imparts  an  analogous  move- 
ment to  the  molecules  of  b.    For  as  the  ethereal 
medium  is  of  vastly  less  density  than  the  vibrat- 
ing molecules,  each  of  their  oscillations  will  pro- 
duce in  it  a  determinate  wave,  which  is  propa- 
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gated  through  it  according  to  the  ordinary'  laws 
of  undulation,  in  such  a  way  that  the  ether  would 
be  in  repose  after  the  Avave  had  passed,  were  it 
not  for  the  recurrence  of  the  continuing  vibra- 
tion of  the  molecules.    At  each  vibration  the 
molecules  of  a  lose  a  part  of  their  vis  viva,  by 
the  quantity  they  have  communicated  to  tlie 
ethereal  wave,  the  intensity  or  amplitude  of  the 
wave  becoming  less  and  less  as  this  abstraction 
of  force  is  going  on.    But,  the  ether  being  of 
uniform  density  and  elasticity  throughout,  each 
of  its  particles  communicates  the  whole  vis  viva 
it  has  received  to  the  next  adjacent,  and  would 
instantly  come  to  rest  were  it  not  again  dis- 
turbed by  the  vibrations  of  the  material  mole- 
cules.—  These  elementary  considerations  show 
how  it  is  that  a  wave  of  sound  passes  through 
the  air,  or  of  light  through  the  ether,  and  the 
particles  of  those  media  instantly  come  to  rest ; 
but  a  hot  body,  or  a  vibrating  string,  persists  in 
its  motions,  which  only  undergo  a  gradual  de- 
cline. If  the  vibratory  molecule  was  in  a  medium 
of  the  same  density,  it  would  impart  to  it  all  its 
motion  at  once ;  and  in  the  same  way  that  _  a 
heavy  molecule   gradually  communicates  its 
motion  to  the  ether,  so,  in  its  turn,  does  the 
ether  to  other  systems  of  molecules.— Upon 
these  principles  one  may  explain  the  phenomena 
of  phosphorescence.  From  a  shining  body  undu- 
lations are  propagated  in  the  ether,  and  these 
impinging  on  a  phosphorescent  surface,  throw  its 
molecules  into  a  vibratory  movement  _  These  in 
their  turn  impress  on  the  ether  undulations ;  but 
by  reason  of  the  difference  of  its  density,  com- 
pared with  that  of  the  molecules,  they  do  not 
lose  then-  motion  at  once,  but  it  continues  for  a 
time,  gradually  declining  away,  and  ceasmg 
when  the  »is  viva  of  the  molecules  is  exhausted. 

 When  a  phosphorescent  surface  is  exposed  to 

the  luminous  source,  it  necessarily  undergoes  a 
rise  of  temperature,  and  the  cohesion  of  its  parts 
is  dimmished;  but  alter  its  removal  from  that 
source,  as  the  temperature  declines  and  irradia- 
tion goes  on,  the  cohesion  increases,  and  a  re- 
straint is  put  on  those  motions.— Now  let  the 
phosphorus  have  its  temperature  raised,  and  the 
cohesion  of  its  molecules  thereby  weakened,  and 
the  restraint  on  their  motions  abated.    At  once 
they  resume  their  oscillations,  and  continue  them 
to  an  extent  that  belongs  to  the  temperature 
used.  When  this  has  passed  away,  a  still  higher 
temperature  will  release  them  once  more,  ana 
the  growing  will  be  again  resumed.— Whatwouia 
be  the  result  if  we  could  cause  the  sm-face  ot  a 
mass  of  water,  in  which  circular  waves  ■^^^"^1116 
and  falling,  to  be  instantaneously  congealed  (  u 
might  be  kept  in  that  condition  for  a  thousana 
years;  and  then,  if  instantaneously  thawed,  tii^ 
waves  would  resume  their  ancient  motion  irom 
the  point  at  which  it  was  arrested,  and  it  woiua 
now  go  on  to  completion.    So  with  these  phos- 
phori.    Exposed  to  a  light  of  suitable  intensity 
their  parts  commence  to  vibrate,  but  the  fieedom 
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of  those  motions  is  interposed  with  by  their  cohe- 
sion. Amplitude  of  vibration  must  always  be 
attested  hy  cohesion ;  and  if  the  ray  be  removed, 
and  the  temperature  permitted  to  decline,  the 
restraint  becomes  greater  and  greater,  and  they 
pass  into  a  condition  somewhat  like  that  which 
has  just  been  illustrated.  It  matters  not  how 
long  a  time  may  intervene,  rise  of  temperature 

will  enable  thera  to  resume  their  motions  These 

principles  give  us  an  explanation  of  all  the  facts 
we  observe.  We  see  how  it  is,  that  as  we  ad- 
vance from  one  temperature  to  another,  the  phos- 
phorus wiU  resume  its  glow ;  and,  that  there  is, 
as  it  were,  for  every  degi-ee,  a  certain  amount 
of  vibratory  movement  that  can  be  accomplished, 
or,  to  use  a  different  phrase,  a  certain  amount  of 
light  which  can  be  set  free.  It  also  necessarily 
foUows,  that  different  solids  will  display  these 
motions  with  different  degrees  of  facility,  and 
hence  shine  for  a  longer  or  shorter  time,  and 
with  light  of  different  intensities. — But  in  liquids 
and  gases,  which  want  that  particular  condition 
of  cohesion  w^hich  is  characteristic  of  the  solid 
state,  and  whose  parts  move  freely  among  each 
other,  phosphorescence  cannot  take  place,  for  it 
depends  on  the  influence  that  cohesion  has  had 
in  restraining  thevibratory  movements.  Further, 
the  condition  of  opacity  does  not  permit  the 
phenomenon  to  be  established.  The  provoldng 
ray  cannot  find  access  to  disturb  the  interior 
layers  of  the  mass,  and  even  if  it  did,  and  phos- 
phorescence ensued,  how  could  we  expect  to  be 
able  to  discern  it  through  the  impervious  veil  of 
the  superficial  layers?  The  light  of  the  most 
brilliant  phosphorus  carmot  be  seen  through  the 
thinnest  gold  leaf.  Its  intensity  is  vastly  too 
small.  And  these,  therefore,  are  the  i-easons 
that  no  one  has  ever  yet  succeeded  in  detecting 
phosphorescence  in  metals  or  black  bodies.  It 
vrill  be  gathered  from  this  explanation,  that  I 
am  led  to  believe  that  all  the  facts  of  phosphor- 
escence can  be  fully  explained  on  the  principles 
of  the  communication  of  vibratory  motion  through 
the  ether;  that,  as  when  that  theory,  an  in- 
candescent body,  maintained  at  incandescence, 
would  eventually  compel  a  cold  body  in  its 
presence  to  come  up  to  its  own  temperature,  by 
making  its  particles  exercise  movement  like  those 
of  its  own,  to  the  sunshine,  as  the  flash  of  an 
electric  shock  compels  a  vibratory  movement  in 
the  bodies  in  which  its  rays  fall ;  that  these 
movements  are  interfered  with  in  the  case  of 
solids,  but  that  they  are  instantlj'  established, 
and  almost  as  instantly  cease,  in  the  case  of 
gases  and  liquids ;  that  reducing  the  cohesion  of 
a  solid,  by  raising  its  temperature,  permits  a 
resumption  of  the  movement ;  and  tliat  the  con- 
dition of  opacity,  either  melantic,  or  otherwise,  is 
a  bar  to  the  whole  piienomenon." 

Pliotognlvaiio^-apliy.  Those  who  are 
familiar  with  the  expensive  nature  of  the  ma- 
terials used  in  common  photogra|)hic  printing  on 
paper  embued  with  a  sensitive  salt  of  silver,  and 
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with  the  tedious  series  of  washings,  fixings,  and 
toning  processes,  necessary  before  the  finished 
picture  is  produced,  will  at  once  appreciate  tlie 
value  of  any  invention  which  promises  to  pre- 
serve the  truthfulness  of  the  photographic  delinea- 
tion, and  at  the  same  time  to  multiply  the  im- 
pressions by  the  same  species  of  printing  as  is 
now  used  for  common  engi-avings — such  a  pro- 
cess is  that  named  Photogalvanography,  by  its 
inventor,  Mr.  Paul  Pretsch  of  Vienna.  At  a  time 
when  it  is  beginning  to  appear  that  the  silver 
deposits,  of  which  the  common  photographs  con- 
sist, are  subject  to  fade,  and  in  many  cases  en- 
tirely to  disappear  through  the  action  of  causes 
difficult  to  discover  and  still  more  difficult  to 
prevent,  this  new  invention,  which  substitutes 
printer's  ink  for  silver,  is  of  double  value.  Mr. 
Pretsch,  while  superintending  the  Imperial  Print- 
ing-oflSce  at  Vienna,  it  would  appear,  has  also 
been,  for  many  years,  devoting  much  time  to  the 
art  of  photography.  During  some  experiments 
on  the  different  substances  which  might  be  used 
as  the  vehicle  of  the  sensitive  materials,  he  was 
led  to  observe  the  singular  effects  which  light 
produces  on  gelatine,  which  has  been  mingled 
with  the  bichromate  of  potash,  and  iodide  of 
silver.  These  effects  maybe  described  thus: — 
When  a  plate  of  glass,  coated  with  aqueous  solu- 
tion of  gelatine  to  which  has  been  added  bichro- 
mate of  potash  and  iodide  of  silver,  is  allowed 
to  dry,  and  afterwards  covered  with  any  surface 
unequally  transparent,  and  exposed  to  light,  the 
gelatine  film,  on  the  parts  where  the  light  has 
acted,  is  found  to  have  acquired  the  property  of 
resisting  the  action  of  water,  whereas  the  parts 
which  have  been  protected  from  light  readily 
imbibe  water,  swell  up,  and  present  a  surface 
in  relief.  This  raised  part  can  be  rendered 
permanent  and  hard  by  acids  and  varnishes, 
and  might  be  used  directly  for  printing  from  by 
inking  and  the  action  of  a  press  in  the  ordinary 
way,  although  from  the  plate  being  of  glass,  and 
the  type,  so  to  speak,  of  gelatine,  great  pressure 
could  not  be  applied,  and  therefore  sharpness  of 
impression  could  scarcely  be  expected.  Pretsch, 
however,  suggests  that  even  by  this  simple  pro- 
cess a  single  impression  in  greasy  uik  could 
readily  be  got  and  transferred  to  a  stone,  and 
afterwards  multiplied  to  any  extent  by  the  well- 
known  methods  of  lithography.  Instead  of  this, 
however,  which  has  not  been  j'ctmuch  practised, 
the  gelatine  plate  has  a  mould  taken  from  it  hv 
partially  softened  gutta  percha,  so  as  to  present 
a  surface  exactly  resembhng  the  original,  but 
with  the  picture  in  the  opposite  species  of  i-clicf. 
If  a  positive  glass  or  paper  photograph,  that  is 
one  in  which  the  lights  are  transparent  when 
looked  through,  be  used,  the  depressed  parts  of 
the  gelatine  surface  would  correspond  to  these 
lights.  The  gutta  percha  mould  reverses  thi-;, 
and  shows  the  lights  of  the  picture  in  relief,  the 
shadows  being  the  sunk  parts,  similar  to  a  cnju- 
mon  engraved  copper  plate,  the  picture  being  iu 
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intaglio,  as  it  is  called.    It  is  possible  now  to 
cover  it  with  a  film  of  black  lead  or  other  con- 
ducting substance,  so  as  to  fit  it  for  the  electro- 
type apparatus.    By  means  of  the  electrotype  a 
complete  cast  of  the  gutta  percha  mould  is  ob- 
tained in  copper,  having  the  parts,  however,  re- 
versed, and  the  shadows  in  relief.    This  might 
be  used  like  ordinary  types  for  surface  printing, 
but  it  is  found  to  be  preferable  again  to  put  this 
plate  in  the  electrotj'pe  bath,  so  as  to  obtain  an 
intaglio  plate  of  such  thickness  as  to  stand  the 
operations  of  the  printing-press.    In  such  a  case 
it  is  obvious  that,  through  the  whole  of  the  oper- 
ations, the  skill  of  the  engraver's  hand  has  not 
been  called  into  requisition,  and  therefore  the 
purity  and  absolute  truth  of  the  original  photo- 
graph may  be  expected  to  be  preserved.    It  is 
found,  however,  that  in  some  cases  it  is  prefer- 
able, where  many  impressions  are  wanted,  instead 
of  employing  an  intaglio  plate  with  the  degree  of 
depth  only  given  b}'  tbe  original  swelling  of  the 
gelatinous  surface,  to  build  up  the  gutta  percha 
mould  with  coatings  of  wax  so  as  to  increase  tbe 
depth,  and  thus  by  sacrificing  a  little  of  the  deli- 
cacy of  detail  to  get  relief  enough  in  the  electro- 
type cast,  to  permit  the  plate  to  be  used  as  in 
surface  printimg.  Another  plan,  and  a  somewhat 
simpler  one,  has  been  successfully  followed  by 
Pretsch,  for  obtaining  the  printing  block.  The 
gelatine  plate,  after  being  subjected  to  the  action 
of  light  and  moisture,  so  as  to  give  the  picture  in 
relief,  as  has  already  been  described,  is  hardened 
by  acias  and  varnishes,  and  is  then  covered  by 
plaster  of  Paris,  which  gives  a  mould  from  which 
a  block  in  type  metal  can  be  cast  according  to 
the  methods  of  the  stereotj'per.  This  block,  how- 
ever, has  seldom  the  degree  of  relief  which  would 
be  requisite  for  clean  printing;  and  the  lights 
have  therefore  to  be  cut  away  by  the  tools  of  the 
engraver,  thus  leaving  a  surface  as  high  in  relief 
as  that  used  in  ordinary  types  for  surface  print- 
ing. From  the  outline  which  has  now  been  given, 
the  rationale  of  photogalvanography  is  obvious 
enough.    It  depends  on  the  fact,  that  gelatinous 
films,  in  ordinary  circumstances,  become  swollen 
when  moistened,  and  that  certain  chemical  sub- 
stances set  free  from  their  combinations  by  the 
action  of  light,  produce  such  a  hardening  of  the 
gelatine,  that  the  imbibition  of  water,  and  the  con- 
sequent swelling,  is  prevented.   For  this  purpose, 
bichromate  of  potash,  or  chromic  acid,  appear  to  be 
tiie  most  eligible.   The  bichromate,  or  the  chromic 
acid  alone,  have  no  such  eflFect,  but  when  acted 
on  by  light  it  would  seem  that  oxygen  is  set  free, 
and  that  sesquioxide  of  chromium  is  produced, 
which,  by  other  experiments,  is  known  to  have 
the  power  to  convert  gelatine  into  an  insoluble 
leather.    Under  the  photographic  picture,  then, 
at  the  parts  where  the  light  acts,  this  leather  is 
I)roduced,  and  it  would  seem  that  the  action  can 
be  so  regulated  by  tempering  the  time  of  expo- 
sure, as  to  reproduce  the  flat  photograph  with  its 
Cicru  lights  and  shades,  as  a  surface  in  relief  and 
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depression  such  as  is  used  in  the  old  and  long 
known  methods  of  printing.  The  number  of 
copies  of  the  original  photograph  which  can  then 
be  readily  and  cheaply  produced  is  unlimited,  as 
the  electrotyper  or  the  stereotyper  can  supply  any 
quantity  of  plates.  This  new  art,  which  depends, 
as  its  name  indicates,  on  both  photography  and 
galvanism,  the  one  for  producing  the  original 
picture,  and  the  other  for  the  deposition  of  the 
electrotype  plate,  is  but  in  its  infancy.  Diffi- 
culties have  been  met  with  in  securing  the  uni- 
formity of  surface  required,  and  it  has  been 
found  "necessary  to  call  in  the  assistance  of  the 
engraver  in  perfecting  the  plates  for  printing. 
Future  discoveries  will  no  doubt  remedy  these 
defects.  Mr  Fox  Talbot  in  England,  and  Poit- 
evin,  Rosseau,  and  Musson,  in  Paris,  are  known 
to  have  been  engaged  for  some  time  on  similar 
researches,  and  it  would  seem  with  marked  suc- 
cess. Pretsch,  however,  has  been  the  first  to 
make  public  his  processes,  and  he  is  thus  most 
justly  entitled  to  the  palm  of  the  discoverer.  For 
information  regarding  the  ordinary  photographic 
printing,  the  reader  is  referred  to  Calottpe, 
C0L1>0DI0N,  <fec. 

Polyiioiiie.  Reference  has  been  made  in 
the  earlier  portion  of  the  book  to  an  article  under 
this  title,  in  which  the  author  designed  to 
elucidate  some  interesting  speculations  of  the 
higher  geometry.  He  was  never  able  to  carrj' 
out  his  intention.  The  reference  was  printed  ofi:' 
before  it  was  discovered  that  the  blank  thus 
left  in  his  work  could  not  be  filled  up  by  other 
hands. 

JPulIey.  Through  oversight,  a  notice  of  this 
simplest  of  the  mechanical  powers  has  been 
omitted  in  our  text.  Regardmg  the  pulley  ab- 
stractly, whether  in  its  simple  or  composite  state, 
whether  as  a  combination  of  simple  pulleys  or  in 
blocks  or  sheaves,  it  is  easy  to  form  a  conception 
of  the  principle  of  its  power.  A  single  fixed 
pulley  afi'ords  no  mechanical  advantage,  as  the 
tension  of  the  cord  being  at  all  points  the  same, 
the  power  must  be  equal  to  the  resistance.  A 
single  moveable  pullev,  on  the  other  hand,  will 
alTord  an  advantage  of  2  to  1,  as  the  resistance 
is  distributed  equally  on  two  folds  of  the  cord, 
the  one  of  which  transmits  its  load  to  a  fixed  sup- 
port, and  the  other  alone  is  acted  on  by  the 
power.  If  there  are  two  moveable  pulleys,  the 
advantage  will  be  4,  as  there  are  four  folds  of  the 
cord,  and  each  fold  sustains  a  fourth  part  of  the 
resistance— three  parts  of  which  are  transmitted 
to  the  fixed  support,  the  remaining  fourth  part 
alone  being  taken  up  by  the  power.  By  the 
same  reasoning  it  is  proved  that  three  moveable 
pullevs  will  give  an  advantage  of  6,  and  n  move- 
able "pulleys  an  advantage  of  2  n.  In  some 
systems  of  pullevs.  when  the  cord  is  not  con- 
tinuous, this  formula  for  the  advantage  will  not 
apply;  but  in  all  cases  the  work  done  by  the 
power  must  be  equal  to  the  work  overcome  in 
the  resistance. 
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Screw,  or  Scr<;w  Propeller,  a  name  gene- 
rally, although  improperly,  given  to  all  tlie  forms 
of  ships'  propellers  which  have  any  resemblance 
to  a  true  screw.    It  is  usually  placed  at  the  stern 
of  the  vessel,  sometimes  at  the  bow,  and  always 
under  water.    The  art  of  propelling  ships  by  this 
means  was  ill  underetood,  and  made  little"  pro- 
gress till  Mr.  Francis  Smith,  along  with  others, 
in  18-10,  showed  its  successful  application  in  the 
steamer  Archimedes,  a  vessel  of  about  240  tons 
and  90  horse  power.    The  propeller  originally 
used  was  a  true  screw,  the  blade  of  which  made 
one  convolution  on  the  axis.    This  was  after- 
wards altered  to  two  blades,  making  half  a  con- 
volution ;  and  latterly  it  was  found  that  the  best 
results  were  obtained  when  each  blade  made  only 
a  sixth  of  a  convolution.    The  British  Govern- 
ment, after  satisfying  themselves  of  the  success 
of  the  experiments  on  board  the  Archimedes, 
introduced  the  screw  propeller  to  the  Navj-, 
where  its  advantage  over  the  paddle  or  side- 
wheel  became  speedily  so  apparent,  that  its  gene- 
ral adoption  was  the  result.   The  great  naval  re- 
view at  Portsmouth,'  n  1856,  showed  the  extent 
and  variety  of  its  application  to  the  gi-eat  line-of- 
battle  ships  of  120  guns,  to  the  little  high  pres- 
sure gun-boats,  and  to  the  floating  batteries, 
with  their  thick  iron  armour.    The  adoption  of 
the  screw  propeller  in  the  merchant  service  was 
more  gradual,  as  it  was  generally  thonght  that 
the  same  amount  of  speed  could  not  be  got  with 
the  screw  as  with  the  side-wheels.     The  con- 
struction, however,  of  the  steam-yacht  Fire  Queen, 
for  Mr.  Thomas  Asbton  Smith,  and  of  the  Queen's 
yacht  Fairy,  proved  that  great  speed  was  obtain- 
able from  screw  propellers,  without  the  expendi- 
ture of  more  power  than  the  paddle-wheels  re- 
quire ;  for  both  these  vessels  were  at  least  as  fast 
.  as  the  fastest  paddle  vessels  of  their  size.  The  mer- 
chants are  now  satisfied  of  its  great  advantages, 
especially  for  cargo  vessels,  and  its  adoption  is  all 
but  general.  The  efficiency  of  propellers,  the  rela- 
tion between  the  power  expended  upon  them  and 
the  useful  work  they  produce  in  propelling  vessels, 
is  found  to  vary  with  their  immersion  or  the 
depth  of  water  above  them.    Tiieir  diameter, 
and  the  pitch  or  distance  between  the  convo- 
lutions of  each  blade  being  the  same,  the  further 
the  screw  is  immersed  the  more  effective  it 
becomes ;  —  a  fact  observable  in  those  screw 
vessels  which,  especially  when  lightly  laden,  are 
sailed  with  so  much  more  of  the  body  of  the 
vessel  out  of  the  water  forward  than  aft,  or,  as 
it  happens,  drawing  so  much  more  water  aft 
than  forward :  Mr.  G.  Rennie  proved  the  in- 
creasing efficiency  with  the  depth  on  a  model 
screw,  about  18  inches  diameter:  the  results 
of  his  experiments  were  laid  before  tiie  British 
Association  at  Cheltenham  in  1856.    It  is  stated 
by  some  authors,  and  believed  in  by  many 
makers  of  vessels,  that  a  screw  of  large  diameter, 
extending  from  the  keel  to  the  surface  of  the 
water,  or  it  may  be  above  it,  is  more  efi'ective 


8'J9 


SCR 

than  any  smaller  screw  upon  the  same  vessel; 
but  this  requires  moi-e  proof  before  it  can  be  ac- 
cepted as  true;  for  many  facts,  obtained  fioiu 
very  successful  screw  vessels,  lead  to  the  belief 
tiiat  a  smaller  screw,  immersed  just  so  far  below 
the  surface  as  not  to  take  down  air  in  its  revolu- 
tions, and,  as  it  were,  churn  the  water,  is  more 
effective  than  a  larger  one,  which  fakes  down  air, 
and  makes  a  great  commotion.    Had  Mr.  Rennie 
tried  screws  of  different  diameters  in  his  experi- 
mental apparatus,  it  is  probable  he  would  ha.xa 
discovered  the  relationship,  if  an}',  between  the 
diameter  of  a  screw,  on  a  vessel  having  a  given 
draught  of  water,  and  its  immersion  below  the  sur- 
face, which  would  give  the  maximum  efficiency. 
—The  pitch  has  great  influence  upon  the  effi- 
ciency of  the  propeller.    It  is  clear  that  if  it  were 
infinitely  small,  there  would  be  no  motion  com- 
municated to  the  vessel  in  the  direction  of  the 
axis  of  the  propeller;  the  whole  force  of  the  en- 
gine would  be  spent  in  giving  the  water  which 
adhered  to  the  propeller  (now  a  disc)  a  motion 
at  right  angles  to  that  axis.    And  if  the  pitch 
were  infinitely  great,  the  blades  would  be  parallel 
with  the  axis ;  there  would  therefore  be  no  motion 
in  the  direction  wished.    The  power  of  the  engine 
would  be  spent,  as  before,  in  giving  motion  to 
the  water  at  right  angles  to  the  course  wanted. 
Between  these  two  infinite  pitches,  however,  there 
is  an  infinite  number  which  would  make  the  vessel 
advance,  and  some  one  of  that  infinite  number 
must  be  the  most  efficient.    But  although  this 
most  efficient  pitch  has  not  been  determined  for 
any  vessel,  and  probably  cannot  be  determined 
on  account  of  the  trouble  and  expense  attending 
such  trials,  it  appears  that  the  most  successful 
results  have  been  obtained  with  screw  propellers 
whose  pitch  is  about  equal  to  the  diameter.  The 
present  fashion,  however,  of  driving  screw  pro- 
pellers direct  from  the  engine,  with  the  inter- 
vention of  large  cog-wheel  and  pinion,  (formerly 
used  to  increase  the  revolutions  of  short-pitched 
propellers),  renders  these  short  pitches  nearly  im- 
practicable, on  account  of  the  injurious  speed 
at  which  the  engine  itself  requires  to  go ;  and 
much  longer  pitches  are  consequently  used  with 
such  engines.     It  is  therefore  an  important 
question  for  those  interested  in  the  sailing  of 
screw  vessels,  what  are  they  to  gain  by  having 
a  direct  acting  engine  ?  and  what  will  they  lose 
in  consequence  of  being  obliged  to  adopt,  in  all 
probability,  a  less  efficient  propeller  ?— In  power- 
ful sailing  ships,  making  voyages  that  extend 
through  calms  to  perhaps  a  half  the  circumfer- 
ence of  the  globe,  it  is  possible  that  tiie  most 
economical  results  may  be  obtained  from  a  hiiih 
pressure  engine;  for,  as  it  can  be  driven  fast 
enough  for  the  most  efficient  screw,  the  smaller 
efficiency  of  engine,  added  to  the  greater  efficiencv 
of  tlie  short-pitched  screw,  may  be  more  efficient 
than  a  more  cconcmical  condensing  engine,  actin.r 
upon  a  longer  pitched  screw.    For  works  on  the 
subject,  see  Tmitifde  Fllclice  Propulsive,  by  E 
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Paris,  Bourne;  Halstead,  Kawson,  Atherton,  &c., 
on  the  Screw  Propeller. 

Sccaiii.  Comparison  of  the  result  of  Messrs. 
Fairbairn  and  Tate's  experiments  on  the  densit}- 
of  steam,  with  those  of  the  theoretical  formula 
(25  b),  given  in  page  348,  Heat,  Mechanical 
Action  of. 


Batlo  of  vol.  of  Steam 
Temp,    to  vol.  of  Water. 
FiUir.  By  I'heor.  By  E.xper. 
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S^tcam-ISoilcv.  A  close  vessel,  in  which,  by 
the  action  of  heat,  water  is  converted  from  the 
liquid  to  the  vaporous  condition.  In  Steam- 
Engine,  §  2,  is  a  brief  statement  of  the  parts 
and  appendages  of  a  steam-boiler.  The  materials 
employed  for  steam-boilers  are  steel,  cast-iron, 
wrought  iron,  and  copper.  The  tenacity  of  a  good 
wrought  iron  boiler  plate  is  about  56,000  lbs.  per 
square  inch ;  that  of  a  double  rivetted  joint  about 
34,000,  and  that  of  a  single  rivetted  joint  about 
28,000,  per  square  inch  section  of  plate,  atcording 
to  Mr.  Fairbairn.  The  tenacity  of  steel  boiler 
plates  is  from  80,000  to  90,000  lbs.  per  square 
inch ;  so  that  they  are  stronger  than  wrought 
iron  plates  in  the  proportion  of  8  to  5  nearly ; 
and  the  same  proportion  probably  holds  for  their 
rivetted  joints.  The  tenacity  of  sheet  copper  is 
about  35,000;  joints,  18,000.  The  tenacity  of 
cast  iron  of  a  quality  fit  for  boilers,  should  be  at 
least  18,000  lbs.  per  square  inch;  but  this  mate- 
rial is  considered  dangerous  in  Britain.  The  first 
requisite  of  the  boiler  is  strength  sufBcient  to 
resist  the  pressure  of  the  steam.  The  ultimate 
strength  of  the  boiler  should  exceed  the  working 
pressure  in  a  ratio  which  is  called  the  factor  of 
safety.  The  factors  of  safety  employed  in  prac- 
tice range  from  5  to  10  ;  from  6  to  8  may  be 
considered  a  good  medium.  The  only  forms 
suitable  for  safely  withstanding  great  pressures, 
whether  from  without  or  from  within,  are  the 
sphere,  the  cylinder,  and  tlie  flat  plate  bound 

with  stays  ^'To  find  the  ultimate  strength,  or 

bursting  pressure,  of  a  cylindrical  boiler,  let  t  be 
the  tenacity  of  the  material,  allowing  for  joints ; 
B  the  bursting  pressure ;  r  the  external,  and  r' 
the  internal  radius  of  the  cylinder ;  then 


Unless  B  is  to  be  very  large,  a  sufficiently  close 
approximation  is  given  by  the  formula 

B  T  =  »i  -r-  J*! 
where  m  is  the  thicltness  of  metal.  The  strength 
of  a  hollow  spliere  is  double  that  of  a  cylinder  of 
the  same  radius  and  thickness.  According  to 
Mr.  Fairbairn,  the  flat  ends  of  a  cylindrical  boiler 
.'-hould  be  once  and  a-half  the  thickness  of  the 
sides,  and  should  be  stayed  to  each  other  by  bars. 
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or  to  the  sides  by  gussets :  the  flat  surfaces  of  loco- 
motive fire-boxes  require  to  be  stayed  by  bolts 
at  every  4  or  5  inches,  screwed  and  rivetted ;  the 
thickness  of  the  plates  should  be  at  least  one-half 
of  the  diameter  of  the  bolts :  the  tenacity  of  iron 
bolts  is  60,000  lb.  per  square  inch ;  that  of  cop- 
per bolts  3(3,000.  Cylindrical  wrought  iron  flues, 
pressed  from  without  by  the  steam,  tend  to  give 
way  by  collapsing;  and  the  working  pressure 
should  not  exceed  one-sixth  of  the  coUapsing 
pressure.  It  has  been  found  by  Mr.  Fairbairn 
{PJiil.  Trans.,  1858)  that  the  following  formula 
gives  'approximately  the  collapsing  pressure  p,  in 
lbs.  on  the  square  inch,  of  a  plate  iron  flue,  whose 
length  I,  diameter  d,  and  thickness  t,  are  all  ex- 
pressed in  the  same  units  of  measure : — 

p  =  9,672,000  f^ld. 

As  the  resistance  of  flues  to  collapse  depends 
very  much  on  their  being  exactly  cylindrical, 
Mr.  Fairbairn  recommends  that  they  should 
be  made,  not  with  lap  joints,  like  boiler  shells, 
but  with  butt  joints  and  covering  strips.  Mr. 
Fairbairn  having  strengthened  tubes  by  rivet- 
ting  round  them  rings  of  T-iron,  or  angle  iron, 
at  equal  distances  apart,  finds  that  their  strength 
is  that  corresponding  to  the  kngth  from  ring  to 
ring. — To  provide  a  sufiicient  exit  for  steam, 
the  area  of  the  safety-valve  should  be  at  least 
0*006  square  inch  for  each  pound  of  water  eva- 
porated per  hour.  Care  should  be  taken  that 
the  weakest  part  of  a  boiler  is  that  whose  burst- 
ing would  cause  least  damage.  The  excellence 
of  the  furnace  and  boiler  consists  in  evaporating 
the  greatest  quantity  of  water  possible  with  a 
given  quantity  of  fuel ;  and  the  ratio  of  the  heat 
communicated  to  the  water  to  the  whole  heat  of 
combustion  of  the  fuel  may  be  called  the  Effi- 
ciency of  the  Furnace  and  Boiler.  The  following 
are  some  examples  of  the  total  heat  of  combus- 
tion of  one  pound  of  difierent  Idnds  of  fuel,  ex- 
pressed in  thermal  units,  and  also  in  foot-pounds. 

Thermal  Units.  Foot-Pounds. 


Hydrogen. . . 
Pure  carton 
Oleflant  gas. 


Various  liq,uid  hydro-^ 


62032 
14500 
21344 

20000 


47,888,704 
11,194,000 
16,477,668 

15,440,000 


carbons,  average  

Sulphur   400O  3.O8S000 

Coal  and  coke,  various?  fi-om  14000  12.352,0li0 

kinds  i  to  10000  7,720,000 

Wood,  average   6000  4,632,000 

The  available  heat  of  combustion  falls  short  of  the 
total  heat  by  losses  from  the  following  causes : — 
1 .  Evaporating  moisture  from  the  fuel.  2.  Ex- 
ternal conduction  and  radiation.  3.  Imperfect 
combustion.  4.  Heating  gases  which  ascend  tlie 
chimney.  The  available  heat  of  combustion  is 
usually  determined  by  ascertaining  the  quantity 
of  water  at  212°  evaporated  by  one  pound  of 
fuel.  At  this  temperature,  each  pound  of  water 
requires  for  its  evaporation,  966  thermal  units, 
equivalent  to  966  x  772  =  745,792  ft.-lbs.  1- 
Loss  of  heat  by  evaporating  moisture  from  the 
fuel  is  avoided  by  using  dry  fuel.  2.  Loss  by 
external  conduction  and  radiation  is  prevented 
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by  clothing  the  furnace  with  concentric  shells  of 
brickwork ;  by  constructing  the  boiler  so  that  the 
furnace  is  contained  within  it,  and  by  clothing 
the  boiler,  as  formerly  mentioned  (Steam  En- 
gine). 3.  Loss  by  imperfect  combustion  is  pre- 
vented by  so  constructing  the  furnace,  and  so 
managing  the  fire,  as  to  maintain  a  regular  and 
copious  supply  of  ak  to  all  parts  of  the  burnuig 
fuel  The  quantity  of  air  chemically  necessary 
for  the  combustion  is  about  12  lbs.  for  each  pound 
of  fuel;  and  Mr.  C.  W.  Wiinams  has  shown, 
that,  in  order  to  dilute  sufficiently  the  products 
of  combustion,  double  that  quantity  of  air  ought 
to  be  supplied :— that  is,  24  lbs.  of  air  per  lb. 
of  fuel.  The  volumes  occupied  by  this  air  at 
atmospheric  pressure,  and  at  various  tempera- 
tures, are  as  follows  : — 

32°  212  392   6G2  1832 
300  410  519   683  1305 


Temperature  

Volume  oiH  lbs.  of  air  1 
cubic  feet  j 

A  supply  of  air  exceedmg  this  increases  too 
much  the  loss  of  heat  up  the  chimney.  Thorough 
combustion  of  the  fuel  is  indicated  by  the  absence 
of  smoke,  and  of  flame  in  the  chimney.    It  is 
insured  chiefly  by  having  a  large  grate,  over 
which  the  fuel  is  thinly  and  equably  spread,  and 
large  flues  and  chimney ;  by  supplying  fuel  fre- 
i  quently,  and  in  small  quantities  at  a  time,  and 
■  spreading  it  well  (operations  which  require  a 
'  careful  and  conscientious  fireman);  and  by  various 
:  special  contrivances,  too  numerous  to  describe,  for 
:  admitting  and  distributing  air.    In  marine  en- 
:  gines,  and  still  more  in  locomotive  engines,  it  is 
i  impracticable  to  have  so  large  a  grate  as  is  at- 
t  tamable  in  stationary  engines,  and  careful  firing 
:  therefore  becomes  of  increased  importance.  A. 
ILoss  of  heat  carried  off  by  the  gases  which  as- 
-cend  the  chimney  is  prevented  by  having  a  large 
-surface  for  the  conduction  of  hea"t  from  the  flame 
:  to  the  water  in  the  boiler.  In  stationary  engines, 
'.this  can  be  attained  by  having  a  large  boiler 
I  traversed  by  long  and  large  flues:  but  in  ma- 
rrme  engines,  and  still  more  in  locomotive  engines, 
:  it  is  impracticable  to  use  large  boilers,  and  there- 
fore in  them  a  great  heating  surface  within  a  small 
■space  is  obtained  by  sendmg  the  flame  through 
ia  great  number  of  smaU  parallel  tubes,  which 
•  traverse  the  water  in  the  boiler.  Tubular  boilers 
lare  also  used  in  some  stationary  engines.    In  a 
ifew  boilei's,  the  water  is  inside  the  tubes,  and  the 
"flame  outside.    The  foUowing  table  gives  some 
e.xamples  of  the  dependence  of  the  efliciency  of  a 
lioUer  (that  is,  the  ratio  of  the  available  to  the 
total  heat  of  combustion),  upon  the  area  of  grate 
and  of  heating  surface. 
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The  nature  and  thickness  of  the  metal  of  tho 
flues  and  tubes  has  no  influence  appreciable  in 
practice  on  the  efficiency  of  the  furnace  and  boiler. 
The  following  table  shows  the  available  heal  of 
combustion,  of  one  lb.  of  various  kinds  of  coal,  as 
ascertained  by  the  experiments  of  Sir  H.  De  la 
Beche,  and  Dr.  Lyon  Playfair,  on  a  boiler  whose 
efficiency  appears  to  have  been  about  0-8  or  0-75, 


Thermal  Units. 

Anthracite  10000  to  9000 

Welsh  10000  to  7000 

Lancashire        9000  to  6000 

Newcastle         9000  to  7000 

Scotch   8000  to  7000 


Foot-Pounds. 
7,720,000  to  6,948,000 
7.720,000  to  5,404,000 
6,948,000  to  4,G32,0no 
6,948,000  to  5,404,00(1 
6,176,000  to  5,404,000 


Boilers. 


*Area  of  grate  in  squares 
feet  per  lb.  of  fuel  per  > 
hour  J 

A\rea  of  heating  surface,  I 
in  square  feet  perlb.  > 
of  fuel  per  hour  j 

ifflciency  i 


Cornish  nnd 
Lord  Dundoimld's. 


01 


T^bJliar  locomotive 


0-02-j 
to  0-0125 


0-0625 
to  0-05 


4lo3i  2tol} 


0-85 
to  0-8 


0-7 
to  0-0 


avernge 
about  1 

0-5 
to  0-4 


From  most  boilers  a  certain  quantity  of  water  is 
carried  into  the  cylinder  in  the  liquid  state : — 
this  is  called  priming.    The  exact  amount  of 
priming  has  not  in  any  case  been  ascertained, 
owing  to  the  difficulty  of  distinguishing  between 
the  water  so  carried  over,  and  that  produced  by 
liquefaction  of  the  steam  in  the  cylinder.  The 
feed-pump,  in  land  engines,  supplies  from  1^  to 
2  times  the  water  actually  effective  vx  drivmg  the 
engine,  the  excess  providing  for  loss  by  priming 
and  by  escape  at  the  safety  valves.    In  marme 
engines,  the  brkie  discharged  from  the  boiler  has 
also  to  be  provided  for.  The  brine  pumps  should 
not  be  less  than  |  of  the  capacity  of  the  feed 
pumps,  in  order  that  the  brme  m  the  boiler  may 
never  be  more  than  treble  the  strength  of  sea- 
water.    Boilers  are  liable  to  become  encrusted 
inside  with  a  hard  deposit  of  the  minerals  con- 
tained in  the  water.    The  most  usual  deposit  is 
carbonate  of  lime ;  this  can  be  prevented  by  dis- 
solving sal-ammoniac  m  the  water;  for  that  salt 
and  the  carbonate  of  lime  are  mutually  decom- 
posed, producing  carbonate  of  ammonia  and 
chloride  of  calcium,  of  which  both  are  copiously 
soluble  m  water,  and  the  former  is  volatUe.  In 
some  cases  the  deposit  is  prevented  from  harden- 
ing by  diffusing  some  farinaceous  substance  in 
the  boiler,  such  as  potatoes ;  but  this  is  a  clumsy 
proceedmg,  and  apt  to  lead  to  corrosion  or  over- 
heating of  the  plates — Explosions  of  steam 
boilers,  so  far  as  they  are  understood,  arise  and 
are  to  be  prevented  in  the  following  manner  :— 
1.  From  original  weakness :  this  cause  is  to  be 
obviated  by  due  attention  to  the  laws  of  the 
strength  of  materials  in  the  designing  and  con  - 
struction of  the  boiler.    The  general  principles 
to  which  those  laws  lead  have  been  sketched  at 
the  beginning  of  this  article.    2.  From  weakness 
produced  by  gradual  corrosion  of  the  material  of 
which  the  boiler  is  made.— This  is  to  be  obviated 
by  frequent  and  careful  inspection  of  the  boiler 
and  especially  of  the  parts  exposed  to  the  direct 
action  of  the  fire.    3.  From  wilful  or  accidental 
obstruction  or  overloading  of  the  safety-valve  — 
ihis  IS  to  be  obviated  by  so  constructing  safety- 
valves  as  to  be  incapable  of  accidental  obstruc- 
tion, and  by  placing  at  least  one  safety-valve  ou 
each  boiler  beyond  the  control  of  the  engiueman. 
4.  From  the  sudden  production  of  steam  of  a 
901 
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pressure  greater  than  the  boiler  can  bear,  in  a 
quantity  greater  than  the  safety-valve  can  dis- 
charge. There  is  much  difference  of  opinion  as  to 
some  points  of  detail  in  tlie  manner  in  which  tliis 
phenomenon  is  produced;  but  tl.ere  can  be  no 
doubt  that  its  primary  causes  are,  first,  the  over- 
heating of  a  portion  of  the  plates  of  tlie  boiler, 
(being  in  most  cases  that  portion  called  the 
crown  of  the  furnace,  which  is  directly  over  the 
fire),  so  that  a  store  of  heat  is  accumulated; 
and,  secondly,  the  sudden  contact  of  such  over- 
heated plates  with  water,  so  that  the  heat  stored 
up  is  suddenly  expended  in  the  production  of  a 
large  quantity  of  steam  at  a  high  pressure.  Some 
engineers  hold,  tliat  no  portion  of  the  plates  can 
thus  become  overheated,  unless  the  level  of  the 
surface  of  the  water  sinks  so  low  as  to  leave  that 
portion  of  the  plates  above  it,  and  uncovered ; 
others  maintain,  with  M.  Boutigny,  that  when 
a  metallic  surface  is  heated  above  a  certain  ele- 
vated temperature,  water  is  prevented  from  ac- 
tually touching  it  eitlier  by  a  direct  repulsion,  or 
by  a  film  or  layer  of  very  dense  vapour;  and 
that  when  this  has  once  taken  place,  the  plate, 
being  left  dry,  may  go  on  accumulating  heat  and 
rising  in  temperature  for  an  indefinite  time,  until 
some  agitation,  or  the  introduction  of  cold  water, 
shall  produce  contact  between  the  water  and  the 
plate,  and  bring  about  an  explosion.    AH  au- 
tliorities,  however,  are  agreed,  that  explosions  of 
this  class  are  to  be  prevented  by  the  following 
means:— 1.  By  avoiding  the  forcing  of  the  fires, 
and  the  making  of  the  boiler  to  produce  steam 
faster  than  the  rate  suited  to  its  size  and  surface. 
2.  By  a  regular,  constant,  and  sufficient  supply 
of  feed-water,  whether  regulated  by  a  self-acting 
apparatus,  or  by  the  attention  of  the  engineman 
to  the  water-gauge;  and,  3,  should  the  plates 
have  actually  become  overheated,  by  abstaining 
from  the  sudden  introduction  of  feed-water  (which 
would  inevitably  produce  an  explosion),  and  by 
drawing  or  extinguishing  the  fires,  and  blow- 
ing off  both  the  steam  and  the  water  from  the 
boiler.    For  authorities,  see  Steam  Engink.. 

Stereoscope  Telescopic.  A  new  form  of 
the  Stereoscope  recently  imagined  by  Mr.  Elliot. 
The  following  is  his  own  description  of  it:— "  The 
object  of  the  Telescopic  Stereoscope  is  to  unite 
large  binocular  photographs  in  a  different  way 
from  that  in  which  Professor  Wheatstone's  mstru- 
ment  does  so,  and,  as  I  tliink,  a  much  superior 
way.  It  is  done  by  means  of  two  small  tele- 
scopes, with  the  lines  of  their  axes  crossing  each 
other,  so  that  the  right  hand  picture  is  seen  with 
the  left  eve,  and  vice  versa.  The  pictures  also 
are  placed  in  a  different  order  from  that  which 
they  take  in  the  common  stereoscope,  the  right 
and  left  hand  pictures  interchanging  places — 
When  the  instrument  is  on  a  stand,  several  ad- 
justments are  necessary.  These  require  a  little 
trouble;  and  unless  they  are  all  carefully  at- 
tended to,  the  effect  is  not  fully  brought  out;  but 
the  trouble,  when  talcin,  is  well  repaid,  as  the 
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effect  is  exquisite.  The  boughs  of  the  hawthoni 
tree  hing  so  loose  and  airy,  you  would  think  you 
could  gather  the  haws  from  it. — Wiien  the  instru- 
ment is  intended  to  be  held  in  the  hand,  it  is 
simpler,  being  then  nothing  more  than  an  opera- 


glass,  with  its  axes  converging.    Some  ingenious 
artist  may  perhaps  make  an  instrument  to  serre 
both  purposes."— Conflicting  views  having  been 
taken  in  connection  with  Mr.  Elliot's  name  regard- 
ing the  invention  of  the  stereoscope,  we  publish  the 
following  letter  fi-om  himself,  so  that  these  may  be 
set  wholly  at  rest,  and  his  name  and  merits  be 
disentangled  from  controversy.    Mr.  Elliot  has 
iong  been  closely  related  by  the  best  ties  of 
friendship  to  the  Editor  of  this  volume ;  nor  can 
any  doubt  rest  on  the  slightest  of  his  assertions. 
Certainlv,  last  of  all,  is  he  to  detract  from  the 
incontestable  merit  of  Professor  AVheatstone .— 
"Edinburgh,  22d  December,  1856.    The  state- 
ment of  facts  given  by  Sir  David  Brewster  in 
his  volume  on  the  stereoscope,  and  in  the  Na- 
tional Magazine,  was  supplied  by  myself,  at 
his  request,  and  I  am  responsible  for  its  accu- 
racy ;  but  from  first  to  last  I  have  mamtained 
that  I  have  no  claim  whatever  to  make  versus 
Professor  Wheatstone,  and  have,  in  fact,  pub- 
licly and  privately,  as  often  as  I  have  b^ 
asked,  conceded  everything  to  him.    By  a  refer- 
ence to  my  letter,  m  the  P/iilosopJiical  Maga- 
zine for  Mav,  1852,  it  will  be  seen  that,  ev^ 
when  I  believed  that  my  instrument  was  niaoe 
manv  years  before  his,  I  considered  that  I  nao 
forfeited  everv  claim  in  consequence  of  not  hav- 
ing made  known  mv  invention  except  to  one  or 
two  friends.    As  soon  as  I  learned  the  date  oi 
Wheatstone's  invention,  which  occurred  three  or 
four  weelcs  after  the  previous  letter  was  written, 
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1 1  asain  requested  the  Editor  of  tlie  PhUosnpMcnl 
.  Magazine  to  say  so,  and  to  withdraw  every  cip- 
)peai-ance  of  claim  on  my  part.  'J'his  lie  did  in 
I  the  number  for  June.  Again  previous  to  tiie  late 
i  dispttte  on  the  subject,  finding  my  name  referred 
:  to,  in  several  of  the  newspapers,  as  the  inventor 
( of  the  instrument,  I  immediately  wrote  a  dis- 
( claimer  to  the  Courant,  and  two  days  thereafter, 
I  more  explicitly  to  the  Scotsman.  I  did  consider 
tthen,  however,  that  I  had  the  priority,  although 
I  unimportant,  in  regard  to  the  particular  form  of 
tthe  instrument,  which  has  been  designated  as  the 
''Ocular  Stereoscope;'  but,  subsequently,  when 
1  Professor  Wheatstone  brought  forward  some  (ur- 
tther  information,  showing  the  very  early  date  of 
this  first  notice  of  the  subject,  and  that  in  b(jth 

I  forms,  I  wrote  to  the  Times,  making  a  still  more 
sweeping  concession  as  to  Wheatstone's  priority 

i in  everything;  but  expressly  denying  that,  either 
iin  the  first  conception  or  in  the  subsequent  con- 
istraction  of  my  instrument,  I  had  borrowed  a 
f  single  idea  from  him.  If,  after  my  own  inven- 
ttion,  I  heard  of  Wheatstone's  instrument,  it  had 
jso  entirely  escaped  my  memory,  that  in  1852  I 
rread  his  description  of  it  with  the  firm  persuasion 
tthat  it  was  newly  brought  out.  I  was  led  to  the 
i  idea  of  my  instrument  solely  from  having  been 
f  often  for  years  reverting  to  a  question  on  which 

II  had  formerly  written  an  essay — '  On  the  means 
I  by  which  the  eye  conveys  the  knowledge  of  dis- 
itance  to  the  mind.'  I  thought,  if  such  are  the 
rmeans,  the  eye  might  be  deceived  b}'  presenting  to 
i  it  fictitious  data.  I  well  recollect  when  the  deter- 
rmination  first  crossed  my  mind  to  construct  an 
i  instrument  for  the  purpose.  It  was  in  walking 
aalong  a  footpath  through  a  corn-field  in  Kent.  I 
idon't  know  the  dale;  but  as  I  left  Kent  in  18.34, 
:it  could  not  be  later;  and  I  gave  thnt  date  to  Sir 
I  David,  not  as  the  actual  date,  but  as  (he.  postenur 
■limit.  I  probably  mentioned  my  intent  ion  to  one 
"Or  two  individuals  at  the  time;  but  of  this  I  amun- 
'"certain.  More  serious  business  pushed  the  purpose 
laside,  and  I  never  resumed  it  till  some  time  pro- 
libably  in  1838  (I  gave  1839  again  as  thewUeiior 
iilimit  from  precise  data),  when  my  friend.  Mr. 
.'Adie,  asked  me  to  contrihutc  a  paper  to  the  Poly- 
I'technic  Institution.  I  proposed  that  subject,  and 
iiimmediately  constructed  the  instrument;  but 
i  it  gave  him  no  satisfaction,  and  I  laid  it  aside 
:ifor  the  time,  intending  to  bring  it  out  again  and 
Mo  improve  it.  But  I  always  regarded  it  as  a  thing 
:  that  only  a  very  few  would  take  any  interest  in  ; 
land  such  would  have  been  tiie  case  with  all  forms 
■of  the  stereoscope,  had  not  photography  come  to 
;!it8  relief,  and  given  it  new  life.  In  renomicing 
iall  claim  to  the  invention,  in  consequence  of 
'Wheatstone's  priority,  I  may,  however,  make 
one  exception.    The  first  ap|)"lication  of  the  sle- 

ireoscope  to  landscapes,  or  to  anything  beyond 
,-geometrical  figures,  was  certainb)  mine;  and, 
"indeed,  I  don't  know  that  I  ever  thought  of  ap- 
I'plying  it  to  anything  el-^e  than  landscapes.  Had 
lithe  Times  chosen  to  publish  my  letter,  it  would 
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probably  have  ended  the  controversy ;  but  ("  nnn 
sic  p/ncuit  deis),  it  pleased  the  said  I'imes  rather 
to  let  the  great  men  fight  it  out." 

TIici-nio-IEIcciricity,  table  referred  to  p. 
837: 

ELECTRICAL  CONVECTION  OF  HEAT. 
Ill  Ciidminm  ..'Positive. 
Brnss  ...  ..Positive. 
Copper  ....Positive. 


Order 
doubtful. 


runpi 
J  Lew 


iTin  ']  ^1"*' 


Positive. 


Order 
doutbful, 


rlion 
J  Plalin 
CNiclie 
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Zinc   Positive,  zero,  or  negative. 

Gold   Positive,  zero,  or  negative. 

Silver  Pdsitive,  zero,  or  negative. 

Iron   Kegitive. 

inum  Nettative. 

el   Probably  negative. 

Probably    f  Palladium . .  Probably  negative, 
nearly  equal.  ^Mercury  ...Negative. 

Unirei-sal  Instriinient.  The  notice  of  this 
instrument,  intended  for  the  text,  has  been  acci- 
dentally omitted.  It  is  virtually  an  altitude  and 
azimuth  in-itrument  of  gre:it  power,  but  whose 
solid  dimensions  are  such  that  it  is  quite  port- 
able. The  special  characterisi  ic  of  it  is  this : — 
The  telescope,  instead  of  being  a  straight  tube, 
as  is  usual  in  tliis  country  in  all  such  instru- 
ments, is  broken  into  two  arms  at  right  angles 
to  each  other.  The  break  is  in  the  middle  of  the 
length  of  tiie  tube;  ar.d  at  the  break  a  solely 
reflecting  prism  is  placed,  which  turns  the  ra}'3 
entering  the  object-glass  in  a  rectangular  direc- 
tion. Tlie  eye-piec"  is,  in  this  way,  placed  at  the 
centre  of  the  altitude  circle;  and  the  telescope 
becomes  free  to  move  through  all  altitudes.  This 
instrument  is  much  and  very  deservedly  prized 
on  the  continent,  although  coinpariitivelv  little 
known  in  Great  Britain.  For  instance,  Struve 
has  em[)loyed  it  in  all  his  lar^e  surveys.  Its 
theory  is  not  difficult,  and  its  adjustments  simple. 
A  full  account  and  discussion  of  it  will  be  found 
in  Siruve's  description  of  the  great  observatory 
at  Poulkova,  and  indeed  in  every  great  foreign 
treatise  on  Practical  Astronomy.  Very  fine  in- 
struments of  this  descrifition  are  made  by  Ertel 
of  Munich,  and  Repshold  of  Hamburgh.  A  few 
of  them  are  in  this  country. 

Tciitilntioii. — At  the  close  of  Hicating  op 
Boii.DiNGs,  page  431,  ref-rence  is  made  to  a 
sequel  to  it,  which  we  had  assigned  to  the  head- 
ing VioNTii.ATioN.  An  admirable  practical  essay 
on  this  most  interesting  subject  has  just  reached 
us  from  Mr.  R  Ritchie,  Civil  Engineer,  Assoc. 
Inst.  C.E.L.  (the  author  of  article  on  Mhating), 
which  we  should  most  gladly  liave  printed  in 
addition  to  the  general  notice  in  the  text,  had 
space  and  the  press  of  time  permitted.  It  con- 
tains so  full  and  scientific  an  analysis  and  cri- 
ticism of  all  that  has  been  done  and  proposed  on 
this  most  essential  subject,  that  we  cannot  pass 
the  opportunity  of  expressing  the  hope  that  Mr. 
Hitchij  will  extend  it,  and  publish  it  as  a  sub- 
stantive work.  Mr.  Ritchie  has  already  obtained 
many  distinctions  from  learned  societies  on  ac- 
count of  Ilia  labours  in  this  very  important  field. 
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